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(57) ABSTRACT

Discussed is an organic emitting diode including an anode; a
cathode facing the anode; a first emitting material layer
between the anode and the cathode and including a first host
material, the first host material having a first triplet energy;
and a hole transporting layer between the first emitting mate-
rial layer and the anode, a material of the hole transporting
layer having a second triplet energy being larger than the first
triplet energy.
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ORGANIC LIGHT EMITTING DIODE AND
ORGANIC LIGHT EMITTING DIODE
DISPLAY DEVICE INCLUDING THE SAME

[0001] This application claims priority to and the benefit of
Korean Patent Application No. 10-2013-0167617 filed in
Korea on Dec. 30, 2013, which is herein incorporated by
reference.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] The embodiments of the invention relate to an
organic light emitting diode (OELD) display device, and
more particularly, to an organic emitting diode having
improved emission efficiency and an OLED display device
including the same.

[0004] 2. Description of the Related Art

[0005] An OLED display device of new flat panel display
devices has high brightness and low driving voltage. The
OLED display device is a self-emitting type and has excellent
characteristics of a view angel, a contrast ratio, a response
time, a thin profile and so on.

[0006] In addition, there is a big advantage in a production
cost. A fabricating process of the OLED display device is very
simple and requires a deposition apparatus and an encapsu-
lating apparatus.

[0007] The OLED display device including an organic
emitting diode for emitting light. The OLED display device
uses the light from the organic emitting diode to display
images.

[0008] FIG. 1 is a schematic cross-sectional view of a
related art organic emitting diode.

[0009] As shown in FIG. 1, the organic emitting diode “D”
includes a first electrode 10 as an anode, a second electrode 30
as a cathode and an organic emitting layer 20 therebetween.
[0010] The first electrode 10 as the anode is formed of a
material having a higher work function than a material of the
second electrode 30 as the cathode. For example, the first
electrode 10 may be formed of one of indium-tin-oxide
(ITO), and the second electrode 30 may be formed of alumi-
num (Al) or Al alloy (AINd). The organic emitting layer 20
includes red, green and blue emitting patterns.

[0011] To increase emission efficiency, the organic material
layer 20 may have a multi-layered structure. For example, the
organic material layer 200 may include a hole injecting layer
(HIL) 21, a hole transporting layer (HTL) 22, the emitting
material layer (EML) 23, the electron transporting layer
(ETL) 24 and the electron injecting layer (EIL) 25 sequen-
tially staked on the first electrode 10.

[0012] Inthe organic emitting diode “D”, the holes and the
electrons respectively from the first and second electrodes 10
and 20 are combined in the EML 23 such that excitons are
generated. When the electric energy of the exciton is changed
into the light energy, the light having a color in accordance
with an energy band gap of the EML 23 is emitted. According
to the material of the EML 23, red, green and blue organic
emitting diodes are provided.

[0013] Recently, the phosphorescent material in place of
the fluorescent material is focused to use for a material of the
EML. The singlet exciton participates in a fluorescent type
emission, while the triplet exciton participates in a phospho-
rescent type emission. The singlet exciton has a formation
probability of about 25%, while the triplet exciton has a
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formation probability of about 75%. Accordingly, the phos-
phorescent type emission has emission efficiency greater than
the fluorescent type emission.

[0014] Since the emissionefficiency of the organic emitting
diode “D” has a direct effect on the power consumption of the
OLED display device, an increase in the emission efficiency
of the organic emitting diode “D” is a requirement. For
example, new material used for the EML and having high
emission efficiency may be developed for such an increase, or
new material having high hole injecting or transporting prop-
erty may be developed for such an increase.

[0015] However, there are still limitations to increasing the
emission efficiency of the organic emitting diode.

SUMMARY OF THE INVENTION

[0016] Accordingly, the embodiments of the invention are
directed to an OLED and an OLED display device that sub-
stantially obviate one or more of the problems due to limita-
tions and disadvantages of the related art.

[0017] Additional features and advantages of the invention
will be set forth in the description which follows, and in part
will be apparent from the description, or may be learned by
practice of the invention. These and other advantages of the
invention will be realized and attained by the structure par-
ticularly pointed out in the written description and claims
hereof as well as the appended drawings.

[0018] Inaccordance with an embodiment of the invention,
as embodied and broadly described herein, the invention pro-
vides an organic emitting diode including an anode; a cathode
facing the anode; a first emitting material layer between the
anode and the cathode and including a first host material, the
first host material having a first triplet energy; and a hole
transporting layer between the first emitting material layer
and the anode, a material of the hole transporting layer having
a second triplet energy being larger than the first triplet
energy.

[0019] In another aspect, an embodiment of the invention
provides an organic light emitting diode display device
including a gate line and a data line on a first substrate and
crossing each other; a power line parallel to one of the gate
line and the data line; a switching thin film transistor con-
nected to the gate line and the data line; a driving thin film
transistor connected to the switching thin film transistor and
the power line; and an organic emitting diode connected to the
driving thin film transistor, the organic emitting diode includ-
ing: an anode; a cathode facing the anode; a first emitting
material layer between the anode and the cathode and includ-
ing a first host material, the first host material having a first
triplet energy; and a hole transporting layer between the first
emitting material layer and the anode, a material of the hole
transporting layer having a second triplet energy being larger
than the first triplet energy.

[0020] Itisto beunderstood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0021] The accompanying drawings, which are included to
provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention.



US 2015/0187850 A1

[0022] FIG. 1 is a schematic cross-sectional view of a
related art organic emitting diode.

[0023] FIG.2isacircuit diagram of one sub-pixel region of
an OLED display device according to an embodiment of the
invention.

[0024] FIGS. 3A and 3B are views illustrating limitation of
emission efficiency according to an energy level in an organic
emitting diode.

[0025] FIG. 4 is a schematic cross-sectional view of an
organic emitting diode according to a first embodiment of the
invention.

[0026] FIG. 5 is a view illustrating an energy level in an
organic emitting diode according to the first embodiment of
the invention.

[0027] FIG. 6 is a schematic cross-sectional view of an
organic emitting diode according to a second embodiment of
the invention.

[0028] FIG. 7 is a view illustrating an energy level in an
organic emitting diode according to the second embodiment
of the invention.

[0029] FIG. 8 is a schematic cross-sectional view of an
OLED display device according to an embodiment of the
invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

[0030] Reference will now be made in detail to the pre-
ferred embodiments, examples of which are illustrated in the
accompanying drawings.

[0031] FIG.2isacircuitdiagram of one sub-pixel region of
an OLED display device according to an embodiment of the
invention.

[0032] As shown in FIG. 2, an OLED display device
includes a switching thin film transistor (TFT) “Ts”, a driving
TFT “Td”, a storage capacitor “Cst” and an organic emitting
diode “D” in each sub-pixel region “SP”. In addition, a gate
line “GL” and a data line “DL”, which crosses the gate line
“GL” to define the sub-pixel region “SP”, and a power line
“PL” are formed.

[0033] Theswitching TFT “Ts”is connected to the gate and
data lines “GL” and “DL”, the driving TFT “Td” and the
storage capacitor “Cst” are connected to the switching TFT
“Ts” and the power line “PL”. The organic emitting diode
“D” is connected to the driving TFT “Td”.

[0034] When the switching TFT “Ts” is turned on by a gate
signal applied through the gate line “GL”, a data signal from
the data line “DL” is applied to the gate electrode of the
driving TFT “Td” and an electrode of the storage capacitor
“Cst” through the switching TFT “Ts”.

[0035] When the driving TFT “Td” is turned on by the data
signal, an electric current is supplied to the organic emitting
diode “D” from the power line “PL”. As a result, the organic
emitting diode “D” emits light. In this case, when the driving
TFT “Td” is turned on, a level of an electric current applied
from the power line “PL” to the organic emitting diode “D” is
determined such that the organic emitting diode “D” can
produce a gray scale.

[0036] The storage capacitor “Cst” serves to maintain the
voltage of the gate electrode of the driving TFT “Td” when
the switching TFT “Ts” is turned off. Accordingly, even if the
switching TEFT “Ts” is turned off, a level of an electric current
applied from the power line “PL” to the organic emitting
diode “D” is maintained to a next frame.

[0037] Accordingly, the OLED display device displays
desired images with the gate signal and the data signal.
[0038] Theorganic emitting diode “D” includes a first elec-
trode as an anode, a hole transporting layer (HTL), an emit-
ting material layer (EML), an electron transporting layer
(ETL) and a second electrode as a cathode. To increase emis-
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sion efficiency, the organic emitting diode “D” may further
include a hole injecting layer (HIL) between the first elec-
trode and the HTL and an electron injecting layer (EIL)
between the ETL and the second electrode. In addition, the
EML may have a double-layered structure of first and second
emitting layers formed of different materials.

[0039] A relative magnitude of a triplet energy of the HTL,
the EML and the ETL has strong effect to the emission effi-
ciency of the organic emitting diode “D”. Namely, the triplet
energies of the EML and other layers, which are adjacent to
the EML, are an important factor in the emission efficiency of
the organic emitting diode “D”.

[0040] FIGS. 3A and 3B are views illustrating limitation of
emission efficiency according to an energy level in an organic
emitting diode.

[0041] As shown in FIG. 3A, in the organic emitting diode
including the emitting material layer “EML1” and the hole
transporting layer “HTL”, a triplet energy “T1” of a host
material in the emitting material layer “EML1” is higher than
a triplet energy “I2” of a material in the hole transporting
layer “HTL”, an energy of the exciton, which is generated by
combination of the holes and the electrons respectively from
the anode and the cathode, is transited from the emitting
material layer “EMLI1” into the hole transporting layer
“HTL”. As a result, the emission efficiency is reduced.
[0042] Even when the triplet energy of the material in the
electron transporting layer is lower than the triplet energy
“T1” of the host material in the emitting material layer
“EML1”, the energy transition is also generated.

[0043] The exciton should stays in the emitting material
layer “EML1" to emit the light. However, as explained above,
when the exciton insufficiently stays in the emitting material
layer “EML1” and the energy transition to the hole transport-
ing layer “HTL” (or ETL) is generated, the emission effi-
ciency of the organic emitting diode is reduced.

[0044] In addition, as shown in FIG. 3B, in the organic
emitting diode including a first emitting material layer
“EML1”, a second emitting material layer “EML2” and the
hole transporting layer “HTL”, the triplet energy “T1” of the
host material in the first emitting material layer “EML1”,
which is adjacent to the hole transporting layer “HTL”, is
higher than the triplet energy “T2” of the material in the hole
transporting layer “HTL”, an energy of the exciton, which is
generated by combination of the holes and the electrons
respectively from the anode and the cathode, is transited from
the emitting material layer “EML1” into the hole transporting
layer “HTL”.

[0045] In addition, when the triplet energy “T1” of the host
material in the first emitting material layer “EMIL1” is higher
than the triplet energy “T3” of the host material in the second
emitting material layer “EML2”, an energy of the exciton is
transited from the emitting material layer “EMLI1"” into the
second emitting material layer “EML2”.

[0046] In the emitting material layer having the double-
layered structure, since the exciton is generated in the first
emitting material layer “EML1”, which is adjacent to the hole
transporting layer “HTL”, the exciton insufficiently stays in
the first emitting material layer “EML1” and the energy tran-
sition to the second emitting material layer “EML2” and the
hole transporting layer “HTL” (or ETL) is generated. As a
result, the emission efficiency of the organic emitting diode is
further reduced, and desired luminescent property is not
obtained.

[0047] Accordingly, in the embodiments of the invention,
by controlling the triplet energy in the emitting material layer
as an emission region and the adjacent layers, the exciton
sufficiently stays in the emission region to improve the emis-
sion efficiency of the organic emitting diode and the OLED
display device.
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[0048] FIG. 4 is a schematic cross-sectional view of an
organic emitting diode according to a first embodiment of the
invention.

[0049] As shown in FIG. 4, an organic emitting diode “D”
includes a first electrode 110 as an anode, a second electrode
130 as a cathode, an emitting material layer (FML) 123 and a
hole transporting layer (HTL) 122. The first and second elec-
trodes 110 and 130 are spaced part from each other. The EML.
123 is positioned between the first and second electrodes 110
and 130, and the HTL 122 is positioned between the first
electrode 110 and the EML 123.

[0050] A host material in the EML 123 has a first triplet
energy, and a material of the HTL 122 has a second triplet
energy being higher or larger than the first triplet energy. For
example, the second triplet energy is higher than the first
triplet energy by about 0.1 eV. ((second triplet energy)—(first
triplet energy)z=0.1 eV)

[0051] Accordingly, the exciton energy, which is generated
by combining the holes and the electrons respectively from
the first electrode 110 as the anode and the second electrode
130 as the cathode, is not transited into the HTL 122 such that
the exciton sufficiently stays in the EML 123. As a result, the
emission efficiency of the organic emitting diode “D” is
improved.

[0052] Namely, referring to FIG. 5, which is a view illus-
trating an energy level in an organic emitting diode according
to the first embodiment of the invention, the emitting material
layer “EML” has a first triplet energy “T1”, and the hole
transporting layer “HTL” has a second triplet energy “T2”
being higher than the first triplet energy “T1”. The triplet
energy difference between the emitting material layer “EML”
and the hole transporting layer “HTL” serves as an energy
barrier such that the transition of the exciton energy from the
emitting material layer “EML” into the hole transporting
layer “HTL” is prevented or reduced.

[0053] For example, the host material of the EML 123 may
be represented by following Formula 1 and has a triplet
energy of about 2.66 eV. (T1=2.66 V)

L/

QO
Oy O

[Formula 1]
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[0054] In addition, the material of the HTL 122 may be
represented by following Formula 2 or Formula 3.

&
O N

[Formula 2]

&
-

[Formula 3]

[0055] The materials in the above Formula 2 and Formula 3
have a relatively high triplet energy and excellent hole trans-
porting properties. The triplet energy of the material of the
Formula 2 is about 2.80 eV, and the triplet energy of the
material of the Formula 3 is about 2.82 eV. Accordingly,
without decreasing the hole transporting property, the transi-
tion of the exciton energy from the EML 123 into the HTL
122 is prevented or reduced such that the emission efficiency
is remarkably improved.

[0056] Referringagain to FIG. 4, the organic emitting diode
“D” may further include an electron transporting layer (ETL)
124 between the EML 123 and the second electrode 130, a
hole injecting layer (HIL) 121 between the HTTL 122 and the
first electrode 110, and an electron injecting layer (ETL) 125
between the ETL 124 and the second electrode 130.

[0057] A triplet energy of the material of the ETL 124 is
also higher than the triplet energy “T1” (of FIG. 5) of the host
material in the EML 123 to prevent or reduce the transition of
the exciton energy from the EML 123 into the ETL 124.
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[0058] However, since emission is generated at a region in
the EML 123 at a side of the HTL 122, the exciton energy
transited into the ETL 124 is smaller than the exciton energy
transited into the HTL 122. On the other hand, there is a
tendency in that the electron transporting property of the ETL
124 is inverse-proportional to the triplet energy of the mate-
rial in the ETL 124. Accordingly, there is no limitation in a
relation between the triplet energy of the material in the ETL
124 and the triplet energy of the host material in the EML 123.

[0059] FIG. 6 is a schematic cross-sectional view of an
organic emitting diode according to a second embodiment of
the invention.

[0060] As shown in FIG. 6, the organic emitting diode “D”
includes a first electrode 210 as an anode, a second electrode
230 as a cathode, a first emitting material layer (EML.1)223aq,
a second emitting material layer (EML2) 2235 and a hole
transporting layer (HTL) 222. The first and second electrodes
210 and 230 are spaced part from each other. The first EML1
223a is positioned between the first and second electrodes
210 and 230, and the HTL 222 is positioned between the first
electrode 210 and the EML1 223a. The EML2 2234 is posi-
tioned between the EML1 223a and the second electrode 230.

[0061] A first host material in the EML1 2234 has a first
triplet energy, and a material in the HTL 222 has a second
triplet energy being higher (or larger) than the first triplet
energy. In addition, a second host material in the EML.2 2235
has a third triplet energy being higher than the first triplet
energy. For example, each of the second triplet energy and the
third triplet energy may be larger than the first triplet energy
by about 0.1 eV.

[0062] The holes from the first electrode 210 and the elec-
trons from the second electrode 230 are combined with each
other in the EML1 223a to generate the excitons. Namely, the
EML1 223¢ is a main emission region, and the EML2 2235
serves as an auxiliary (or minor) emitting material layer.

[0063] Since each ofthe second triplet energy of the mate-
rial in the HTL 222 and the third triplet energy of the second
host material in the EML2 2235 is higher than the first triplet
energy of the first host material in the EML1 2234, the energy
of the excitons generated in the EML1 2234 is not transited
into the HTL 222 and the EML2 2235 and the excitons suf-
ficiently stays and emit the light in the EML1 223a. Accord-
ingly, the emission efficiency of the organic emitting diode
“D” 1s improved.

[0064] Namely, referring to FIG. 7, which is a view illus-
trating an energy level in an organic emitting diode according
to the second embodiment of the invention, the first emitting
material layer “EML1” has the first triplet energy “T1”, and
the hole transporting layer “HTL” has the second triplet
energy “T2” being larger than the first triplet energy “T1”.
The second emitting material layer “EML2” has the third
triplet energy “T3” being larger than the first triplet energy
“T1”.

[0065] The triplet energy difference between the first emit-
ting material layer “EML1” and each of the hole transporting
layer “HTL” and the second emitting material layer “EML2”
serves as an energy barrier such that the transition of the
exciton energy from the first emitting material layer “EML1”
into the hole transporting layer “HTL” and the second emit-
ting material layer “EML2” is prevented or reduced.

[0066] For example, the host material in the EML1 223a
may be the material in the above Formula 1, and the material
in the HTL 222 may be the material in the above Formula 2 or
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Formula 3. In addition, the host material in the EML2 2235
may be the material in the above Formula 2 or Formula 3.
[0067] Referring again to FIG. 6, the organic emitting diode
“D” may further include an electron transporting layer (ETL)
224 between the EML2 2235 and the second electrode 230, a
hole injecting layer (HIL) 221 between the HTT, 222 and the
first electrode 210, and an electron injecting layer (ETL) 225
between the ETL. 224 and the second electrode 230.

[0068] FIG. 8 is a schematic cross-sectional view of an
OLED display device according to an embodiment of the
invention.

[0069] As shown in FIG. 8, an OLED display device 100
includes a first substrate 101, a second substrate 160 and an
organic emitting diode “D” therebetween. The OLED display
device 100 may further include a sealing layer 150 between
the first and second substrates 101 and 160. The sealing layer
150 may cover an entire surface of the first and second sub-
strates 101 and 160. The first and second substrates 101 and
160 faces and are spaced apart from each other.

[0070] A plurality of pixel regions “P” are defined in the
first and second substrates 101 and 160. A switching TFT and
adriving TFT “Td” are formed in each sub-pixel region “SP”
(see FIG. 2) on the first substrate 101. The first substrate 101
may be referred to as a lower substrate, a TFT substrate or a
backplane, and the second substrate 160 may be referred to as
an encapsulation substrate.

[0071] A gatelineis formed on the first substrate 101 along
a first direction, and a gate electrode 102 of the driving TFT
“Td” is formed on the first substrate 101. A portion of the gate
line extends to form a gate electrode of the switching TFT. A
gate insulating layer 104 is formed on the gate line, the gate
electrode 102 of the driving TFT “Td” and the gate electrode
of the switching TFT.

[0072] A semiconductor layer 106 corresponding to the
gate electrode 102 of the driving TFT “Td” is formed on the
gate insulating layer 104. The semiconductor layer 106 may
be an oxide semiconductor layer. In this instance, an etch-
stopper for protecting the oxide semiconductor layer 106 may
be formed. In addition, another semiconductor layer corre-
sponding to the gate electrode of the switching TFT is formed
on the gate insulating layer 104.

[0073] A sourceelectrode 108 and adrain electrode 109 are
respectively formed at both ends of the semiconductor layer
106, and a data line, which crosses the gate line to define the
sub-pixel region “SP”, is formed on the gate insulating layer
104. In addition, a power line being parallel to the data line is
formed on the gate insulating layer 104. The source electrode
108 of the driving TFT “Td” is connected to the power line.
[0074] A source electrode and a drain electrode are respec-
tively formed at both ends of the semiconductor layer of the
switching TFT. The source electrode of the switching TFT is
connected to the data line, and the drain electrode of the
switching TFT is connected to the gate electrode of the driv-
ing TFT “Td”.

[0075] The gate electrode 102, the semiconductor layer
106, the source electrode 108 and the drain electrode 109
constitute the driving TFT “Td”.

[0076] A passivation layer 140 is formed on the switching
TFT and the driving TFT “Td”. The passivation layer 140
includes a drain contact hole 142 exposing the drain electrode
109.

[0077] The first electrode 110 is formed on the passivation
layer 140. The first electrode 110 is electrically connected to
the drain electrode 109 through the drain contact hole 142.
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[0078] A bank 144 is formed on the passivation layer 140
and covers edges of the first electrode 110. Namely, the bank
144 includes an opening exposing a center of the first elec-
trode 110.

[0079] An emitting layer 120, which contacts the first elec-
trode 110 through the opening in the bank 144, is formed on
the bank 144. The second electrode 130 is formed on the
emitting layer 120.

[0080] The first electrode 110, the emitting layer 120 and
the second electrode 130 constitute the organic emitting diode
“D”. When the voltages are applied to the first and second
electrodes 110 and 130, the light is emitted from the emitting
layer 120, and the images are displayed through the first
electrode 110 or the second electrode 130. The first electrode
110 may be the anode, and the second electrode 130 may be
the cathode.

[0081] The sealing layer 150 is formed on the second elec-
trode 130, and the first and second substrate 101 and 160 are
attached by the sealing layer 150. Due to the sealing layer
150, infiltration of moisture or particles from an outer space is
prevented and an outer impact is absorbed.

[0082] Referring to FIG. 4, the emitting layer 120 includes
the EML 123 and the HTL 122 between the EML 123 and the
first electrode 110. The host material in the EML 123 has the
first triplet energy, and the material in the HTTL 122 has the
second triplet energy being larger than the first triplet energy.
[0083] Alternatively, as shown in FIG. 6, the emitting layer
120 includes the EML1 223q, the HTL 222 between the
EML1 223q and the first electrode 210, and the EML2 2235
between the EML1 2234 and the second electrode 230. The
first host material in the EML1 223a has the first triplet
energy, and the material in the HTL 222 has the second triplet
energy being larger than the first triplet energy. In addition,
the second host material in the EML2 2235 has the third
triplet energy being larger than the first triplet energy.
[0084] Inthe OLED display device 100, the energy transi-
tion of the exciton from the EML 123 as an emission region
into the HTL 122 or the energy transition of the exciton from
the EML1 223a as an emission region into the HTL 222 and
the EML2 2235 is prevented or reduced. As a result, the
emission efficiency of the organic emitting diode “D” is
improved, and the power consumption of the OLED display
device 100 is reduced.

[0085] On the other hand, the organic emitting diode “D”
may include a carrier generation layer between the anode and
the cathode, and the hole transporting layer and the first
and/or the second emitting material layers are formed
between the anode and the charge generation layer and
between the charge generation layer and the cathode. The
relation of the triplet energy between the host material in the
first emitting material layer and the material in the hole trans-
porting layer (and the second host material in the second
emitting material layer) is also adapted into the OLED dis-
play device having the above structure. The properties of the
organic emitting diode will be explained.

Comparative Example 1

[0086] The first electrode is formed on the glass substrate
by depositing indium-tin-oxide (ITO), and the hole injecting
layer (50 A) is formed on the first electrode by using the
material (HAT-CN) of the following Formula 4.

[0087] Next, the hole transporting layer (400 A) is formed
ontheholeinjecting layer by using the material (HTL1) of the
Formula 2. The first emitting material layer (150 A) is formed
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on the hole transporting layer by using the host material
(HOST1) of the Formula 2 and the dopant material (Dopant1)
of the following Formula 5, and the second emitting material
layer (150 A) is formed on the first emitting material layer by
using the HOST1 and the dopant material (Dopant2) of the
following Formula 6.

[0088] Next, the electron transporting layer (250 A) is
formed on the second emitting material layer by using the
material of the following Formula 7, and the electron inject-
ing layer (10 A) and the second electrode are sequentially
formed on the electron transporting layer by respectively
using LiF and Al

Comparative Example 2

[0089] There is only a difference in the hole transporting
layer from Comparative Example 1. The hole transporting
layer is formed using the material (HTL2) of the following
Formula 8.

Example 1

[0090] Thereis only a difference in the first emitting mate-
rial layer from Comparative Example 1. The first emitting
material layer is formed using the host material (HOST2) of
the Formula 1.

[0091] The triplet energy (T) of the material in the hole
transporting layer and the host materials in the first and sec-
ond emitting material layers and the external quantum effi-
ciency (EQE) of the organic emitting diode are listed in Table
1.

TABLE 1
HTL EML1 EML2 EQE(%) Change
Com. material HTL1 HOST1 HOSTI 17.9 —
Ex.l T 282 2.82 2.82
Com. material HTL2 HOST1 HOSTI 16.1 -10.1%
Ex.2 T 260 2.82 2.82
Exl material HTL1 HOST2 HOST1 218 +21.8%
T 282 2.66 2.82
[0092] AsshowninTable 1, incomparison to the Compara-

tive Example 1, where the material of the hole transporting
layer and the host materials in the first and second emitting
material layers have the same triplet energy, the emission
efficiency in the Comparative Example 2, where the triplet
energy of the material in the hole transporting layer is smaller
than the triplet energy of the host material in the first emitting
material layer, is decreased. However, the emission efficiency
in the Example 1, where the triplet energy of the material in
the hole transporting layer is larger than the triplet energy of
the host material in the first emitting material layer, is
increased.

Comparative Example 3

[0093] The first electrode is formed on the glass substrate
by depositing 1TO, and the hole injecting layer (50 A) is
formed on the first electrode by using HAT-CN.

[0094] Next, the hole transporting layer (400 A) is formed
onthe holeinjecting layer by using the material (HTL3) ofthe
Formula 1. The first emitting material layer (150 A) is formed
on the hole transporting layer by using the HOST2 and the
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Dopant], and the second emitting material layer (150 A) is
formed on the first emitting material layer by using the
HOST?2 and the Dopantl.

[0095] Next, the electron transporting layer (250 A) is
formed on the second emitting material layer by using the
material of the following Formula 7, and the electron inject-
ing layer (10 A) and the second electrode are sequentially
formed on the electron transporting layer by respectively
using LiF and Al.

Example 2

[0096] There is only a difference in the second emitting
material layer from Comparative Example 3. A doping ratio
of the Dopant 1 in the second emitting material layer is
changed to 12%.

Example 3

[0097] There is only a difference in the second emitting
material layer from Example 2. A doping ratio of the Dopant
1 in the second emitting material layer is changed to 20%.

Example 4

[0098] There is only a difference in the second emitting
material layer from Example 3. A thickness of the second
emitting material layer is increased to 200 A.

[0099] The triplet energy (T) of the material in the hole
transporting layer and the host materials in the first and sec-
ond emitting material layers and the external quantum effi-
ciency (EQE) of the organic emitting diode are listed in Table
2.
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[0102] Next, the hole transporting layer (400 A) is formed
on the hole injecting layer by using the HTL3. The first
emitting material layer (150 A) is formed on the hole trans-
porting layer by using the material (HOST3) of the Formula
3 and the Dopantl, and the second emitting material layer
(150 A) is formed on the first emitting material layer by using
the HOST? and the Dopantl.

[0103] Next, the electron transporting layer (250 A) is
formed on the second emitting material layer by using the
material of the following Formula 7, and the electron inject-
ing layer (10 A) and the second electrode are sequentially
formed on the electron transporting layer by respectively
using LiF and Al.

Example 5

[0104] There is only a difference in the second emitting
material layer from Comparative Example 4. The HOST1 is
used as the host material of the second emitting material layer,
and the thickness of the second emitting material layer is
increased to 200 A.

Example 6

[0105] There is only a difference in the second emitting
material layer from Example 5. A doping ratio of the Dopant
1 in the second emitting material layer is changed to 12%.

[0106] The triplet energy (T) of the material in the hole
transporting layer and the host materials in the first and sec-
ond emitting material layers and the external quantum effi-
ciency (EQE) of the organic emitting diode are listed in Table
3.

TABLE 2 TABLE 3
HTL EMLI  EML2  EQE (%) Change HIL EMLI  EML2  EQE (%) Change
Com. material HTL3 HOST2/ HOSTY 198 — Com. material HTL3 HOST3/ HOSTY 187 —
Ex.3 D1 D1 Ex.4 D1 DI1(20%)
T 266  2.66 2.66 T 266 28 2.66
Bx2 materill HTL3 HOST2/ HOSTI/ 209 +5.6% Bx5 materill HTL3 HOST3/ HOSTI/ 183 -2.1%
D1 D1(12%) D1 D1(20%)
T 266 2.66 2.82 T 266 28 2.82
Ex3 materiall HTL3 HOST2/ HOSTI/ 208 +10.1% Bx.6 materill HTL3 HOST3 HOSTI/ 18.7 0%
D1 D1(20%) D1 D1(12%)
T 266 2.66 2.82 T 266 28 2.82
Bx4 materill HTL3 HOST2/ HOSTI/ 205 +8.6%
D1 D1(20%)
T 266 2.66 2.82

[0100] Asshownin Table 2, in comparison to the Compara-
tive Example 3, where the material in the hole transporting
layer and the host materials in the first and second emitting
material layers have the same triplet energy, the emission
efficiency in the Examples 2 to 4, where the triplet energy of
the host material in the second emitting material layer is
larger than the triplet energy of the host material in the first
emitting material layer, is increased. In addition, regardless of
the doping ratio or the thickness of the second emitting mate-
rial layer, the increase of the emitting efficiency according to
the triplet energy difference is substantially maintained.

Comparative Example 4
[0101] The first electrode is formed on the glass substrate
by depositing ITO, and the hole injecting layer (50 A) is
formed on the first electrode by using HAT-CN.

[0107] Asshownin Table 3, in comparison to the Compara-
tive Example 4, where the triplet energy of the material in the
hole transporting layer and the host material in the second
emitting material layer is smaller than the triplet energy of the
host material in the first emitting material layer, the emission
efficiency in the Example 5, where the triplet energy of the
host material in the second emitting material layer is larger
than the triplet energy of the host material in the first emitting
material layer but the difference is too small, is not increased
(The decrease of the emission efficiency in the Example 5 is
generated by the thickness difference). In addition, regardless
of the doping ratio of the second emitting material layer, the
emitting efficiency is scarcely changed.

Comparative Example 5

[0108] The first electrode is formed on the glass substrate
by depositing ITO, and the hole injecting layer (50 A) is
formed on the first electrode by using HAT-CN.



US 2015/0187850 A1

[0109] Next, the hole transporting layer (400 A) is formed
on the hole injecting layer by using the HTT.2. The emitting
material layer (300 A)is formed on the hole transporting layer
by using the HOST?2 and the Dopant1.

[0110] Next, the electron transporting layer (250 A) is
formed on the emitting material layer by using the material of
the following Formula 7, and the electron injecting layer (10
A) and the second electrode are sequentially formed on the
electron transporting layer by respectively using LiF and Al.
The external quantum efficiency is measured as 23.3%

Example 7

[0111] There is only a difference in the hole transporting
layer from Comparative Example 5. The HTL1 is used for the
hole transporting layer.

[0112] In the Comparative Example 5, the triplet energy
(2.60 eV) of the material in the hole transporting layer is
smaller than the triplet energy (2.66 eV) of the host material
in the emitting material layer. In the Example 7, the triplet
energy (2.82 eV) of the material in the hole transporting layer
is larger than the triplet energy (2.66 V) of the host material
in the emitting material layer. The external quantum effi-
ciency is improved by about 10.7%.

[0113] Namely, the triplet energy of the material in the hole
transporting layer is larger than the triplet energy of the host
material in the emitting material layer such that the energy
transition of the exciton from the emitting material layer into
the hole transporting layer is prevented or reduced and the
emission efficiency is improved.

[Formula 4]
CN
NC
)
N N, CN
F
I\i x N N
N
NC 7
CN
[Formula 5]
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-continued

[Formula 6]

[Formula 7]

[Formula 8]

J/
\
/

OO

[0114] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
embodiments of the invention without departing from the
spirit or scope of the invention. Thus, it is intended that the
embodiments of the invention cover the modifications and
variations of this invention provided they come within the
scope of the appended claims and their equivalents.

What is claimed is:

1. An organic emitting diode, comprising:
an anode;

a cathode facing the anode;

a first emitting material layer between the anode and the
cathode and including a first host material, the first host
material having a first triplet energy; and
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ahole transporting layer between the first emitting material
layer and the anode, a material of the hole transporting
layer having a second triplet energy being larger than the
first triplet energy.

2. The organic emitting diode according to claim 1, further

comptrising:

a second emitting material layer between the first emitting
material layer and the cathode and including a second
host material, wherein the second host material has a
third triplet energy being larger than the first triplet
energy.

3. The organic emitting diode according to claim 1, further

comprising:

a hole injecting layer between the hole transporting layer
and the anode.

4. The organic emitting diode according to claim 2,
wherein a difference between the third triplet energy and the
first triplet energy is equal to or larger than about 0.1 eV.

5. The organic emitting diode according to claim 1,
wherein a difference between the second triplet energy and
the first triplet energy is equal to or larger than about 0.1 eV.

6. The organic emitting diode according to claim 1, further
comprising:

an electron transporting layer and an electron injecting
layer sequentially stacked between the first emitting
material layer and the cathode.

7. An organic light emitting diode display device, compris-

ing:

a gate line and a data line on a first substrate and crossing
each other;

apower line parallel to one of the gate line and the data line;

a switching thin film transistor connected to the gate line
and the data line;

a driving thin film transistor connected to the switching
thin film transistor and the power line; and

an organic emitting diode connected to the driving thin film
transistor, the organic emitting diode including:

an anode;

a cathode facing the anode;

a first emitting material layer between the anode and the
cathode and including a first host material, the first host
material having a first triplet energy; and

ahole transporting layer between the first emitting material
layer and the anode, a material of the hole transporting
layer having a second triplet energy being larger than the
first triplet energy.

8. The organic light emitting diode display device accord-

ing to claim 7, further comprising:

a second emitting material layer between the first emitting
material layer and the cathode and including a second
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host material, wherein the second host material has a
third triplet energy being larger than the first triplet
energy.

9. The organic light emitting diode display device accord-
ing to claim 7, further comprising:

a hole injecting layer between the hole transporting layer

and the anode.

10. The organic light emitting diode display device accord-
ing to claim 8, wherein a difference between the third triplet
energy and the first triplet energy is equal to or larger than
about 0.1 V.

11. The organic lightemitting diode display device accord-
ing to claim 7, wherein a difference between the second triplet
energy and the first triplet energy is equal to or larger than
about 0.1 eV.

12. The organic light emitting diode display device accord-
ing to claim 7, further comprising: an electron transporting
layer and an electron injecting layer sequentially stacked
between the first emitting material layer and the cathode.

13. An organic emitting diode, comprising:

a first electrode;

a second electrode facing the first electrode;

an emitting material layer between the first electrode and

the second electrode; and

a hole transporting layer between the emitting material

layer and the first electrode,

wherein a triplet energy of the emitting material layer is

less than a triplet energy of the hole transporting layer.

14. The organic emitting diode according to claim 13,
further comprising:

another emitting material layer between the emitting mate-

rial layer and the second electrode,

wherein a triplet energy of the emitting material layer is

less than a triplet energy of the another emitting mate-
rial.

15. The organic emitting diode according to claim 13,
wherein a difference between the triplet energies of the emit-
ting material layer, the another emitting material layer and the
hole transporting layer is equal to or larger than about 0.1 V.

16. An organic light emitting diode display device, com-
prising:

a gate line and a data line on a first substrate and crossing

each other;

apower line parallel to one of the gate line and the data line;

a switching thin film transistor connected to the gate line

and the data line;

a driving thin film transistor connected to the switching

thin film transistor and the power line; and

an organic emitting diode of claim 13, the organic emitting

diode being connected to the driving thin film transistor.

# 0k % k&
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