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OLED DISPLAY PANEL AND A DISPLAY
DEVICE COMPRISING THE SAME

CROSS-REFERENCE TO RELATED

APPLICATIONS
[0001] The application claims the benefit of the earlier
filing date of Chinese Patent Application No.

CN201710140136.6, filed on Mar. 9, 2017 to the State
Intellectual Property Office, the contents of which are incor-
porated by reference herein in its entirety.

TECHNICAL FIELD

[0002] The present disclosure relates to the field of organic
electroluminescent materials, and specifically to an OLED
display panel and a display device comprising the same, and
in particular to a combination of a light emitting layer
material and its application in an organic electroluminescent
device.

BACKGROUND

[0003] At present, an organic electroluminescent device is
generally composed of an anode, an organic layer and a
cathode, wherein, at least one layer of the organic layer has
luminescence function, and generally the light emitting layer
of an OLED device is required to emit lights with three
wavelengths, i.e. a blue light (B), a green light (G) and a red
light (R). Generally, the blue light emitting material may be
fluorescence emitting material, TTA light emitting material,
or phosphorescence emitting material; the green light emit-
ting material is a phosphorescence emitting material; and the
red light emitting material is a phosphorescence emitting
material. The luminescence mechanism of fluorescence is
the use of singlet excitons accounting for 25% of the total
excitons generated after the carrier recombination; the lumi-
nescence mechanism of TTA is the generation of a singlet
exciton from two triplet excitons, which uses 62.5% of the
total excitons; and the luminescence mechanism of phos-
phorescence is the use of singlet excitons and triplet excitons
generated after the carrier recombination.

[0004] When the blue light emitting material is a fluores-
cence emitting material, the dopant is mainly perylene
derivatives, oxadiazole derivatives, and anthracene deriva-
tives, singlet excitons accounting for 25% of the total
excitons are utilized, and the maximum external quantum
yield is not more than 5%, thereby causing too high power
consumption and waste of energy. When the blue light
emitting material is a TTA material, host material in the light
emitting layer is mainly used to complete the triplet-triplet
annihilation process for luminescence, 62.5% of the total
excitons generated are utilized and such ratio is higher than
that of the fluorescence, but theoretically 100% utilization of
the generated excitons cannot be achieved, thereby causing
waste of energy. When the blue light emitting material is a
phosphorescence emitting material, the dopant is mainly
organic complexes of heavy metals such as iridium, plati-
num, and ruthenium, theoretically 100% utilization of the
generated excitons can be achieved, however, due to the
longer lifetime of the triplet exciton, there will appear a state
that the concentration of exciton is too high which will
induce the quenching among the excitons, thereby causing
energy inactivation and thus the lifetime of the device is
shorter.

Jan. 11,2018

[0005] 1In 2011, Professor Adachi, et al. from Kyushu
University, Japan, reported a thermally activated delayed
fluorescent (TADF) material with good luminous perfor-
mance. The energy gap between state S| and state T, of such
material is smaller and the lifetime of the exciton in state T,
is longer. Under certain temperature conditions, the exciton
in state T, can realize the process of T,—S, by reverse
intersystem crossing (RISC), and then experience radiation
attenuation from state S, to ground state S,. Therefore,
luminous efficiency of the OLED device using such material
as the light emitting layer can be comparable to that of the
phosphorescence emitting material, and with no need for a
rare metal element, thereby reducing the material cost.

[0006] There is still a need in the art to develop a method
for improving the efficiency of a blue light organic elec-
troluminescent device by using a thermally activated
delayed fluorescent (TADF) material, and to provide an
efficient and stable method for making an organic electrolu-
minescent device.

SUMMARY

[0007] The first object of the present disclosure is to
provide an OLED display panel, which comprises a first
electrode and a second electrode, at least one light emitting
layer disposed between the first electrode and the second
electrode, a first functional layer and a second functional
layer disposed on both sides of each light emitting layer
respectively; the first functional layer comprises at least one
compound having a hole transport capability; and the second
functional layer comprises at least one compound having an
electron transport capability;

[0008] in the light emitting layer, the organic light emit-
ting compound in the light emitting layer is doped with a
thermally activated delayed fluorescent material;

[0009] wherein the lowest triplet energy level of the
organic light emitting compound (T) is higher than the
lowest singlet energy level of the thermally activated
delayed fluorescent material (S,);

[0010] wherein the lowest triplet energy level of the com-
pound having a hole transport capability (T,) and the lowest
triplet energy level of the organic light emitting compound
(T, satisfy formula (I):

T-Ty>-0.2 eV

[0011] wherein the lowest triplet energy level of the
compound having an electron transport capability (T,)
and the lowest triplet energy level of the organic light
emitting compound (T,,) satisfy the formula (II):

formula (I);

I-T>—0.2 eV

[0012] The second object of the present disclosure is to
provide a display device comprising the OLED display
panel as described in the first object of the present disclo-
sure.

[0013] Compared with the prior art, the present disclosure
has the following benefits:

[0014] a higher luminous efficiency is achieved by select-
ing a thermally activated delayed fluorescent material for
doping into an organic light emitting layer and applying a
compound having a specific energy level to match, thereby
the luminous efficiency of an organic photoelectronic device
is improved.

formula (II).
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BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIG.1isa cross-sectional structural representation
of an OLED display panel provided in a specific embodi-
ment of the present disclosure;
[0016] FIG. 2 is a cross-sectional structural representation
of an OLED display panel provided in a specific embodi-
ment of the present disclosure;

[0017] FIG. 3 is a cross-sectional structural representation
of an OLED display panel provided in a specific embodi-
ment of the present disclosure;

[0018] FIG. 4 is a structural representation of a display
device provided in an example of the present disclosure;

[0019] FIG. 5 is a cross-sectional structural representation
of the OLED display panels in Example 2 and Comparative
Example 2 when the performance test is carried out in the
present disclosure;

[0020] FIG. 6 is a cross-sectional structural representation
of the OLED display panels in Example 5 and Comparative
Example 4 when the performance test is carried out in the
present disclosure.

DETAILED DESCRIPTION

[0021] For the purpose of understanding the present dis-
closure, the following examples are listed below in the
present disclosure. It will be apparent to those skilled in the
art that the examples are merely illustrations of the present
disclosure and should not be construed as specific limita-
tions to the present disclosure.

[0022] In a specific embodiment of the present disclosure,
referring to FIG. 1, an OLED display panel is provided,
which comprises a first electrode 101 and a second electrode
102, at least one light emitting layer 103 disposed between
the first electrode 101 and the second electrode 102; a first
functional layer 104 and a second functional layer 105
disposed on both sides of each light emitting layer 103
respectively; the first functional layer 104 comprises at least
one compound having a hole transport capability; and the
second functional layer 105 comprises at least one com-
pound having an electron transport capability; in the at least
one light emitting layer, an organic light emitting compound
in at least one of the light emitting layer 103 is doped with
a thermally activated delayed fluorescent material; the low-
est triplet energy level of the organic light emitting com-
pound (T, is higher than the lowest singlet energy level of
the thermally activated delayed fluorescent material (S;); the
lowest triplet energy level of the compound having a hole
transport capability (T,) and the lowest triplet energy level
of the organic light emitting compound (T,) satisfy formula
O:

T-Ty>-0.2 eV

[0023] the lowest triplet energy level of the compound
having an electron transport capability (T,) and the
lowest triplet energy level of the organic light emitting
compound (T,,) satisfy the formula (II):

formula (7);

To-Ty—0.2 eV

[0024] It should be noted that the OLED display panel
according to the present disclosure may further comprise a
plurality of light emitting layers, and FIG. 1 is an example
in which only one light emitting layer is exemplarily illus-
trated. When a plurality of light emitting layers are included,

formula (IT).
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a first functional layer and a second functional layer are
disposed on both sides of each of the light emitting layer,
respectively.

[0025] The thermally activated delayed fluorescent
(TADF) material is a material in which the excited triplet
exciton can be converted to the singlet state by reverse
intersystem crossing at room temperature when the energy
gap between the triplet state and the singlet state is small.
When a TADF material is used in the blue light emitting
layer, it is possible to provide a blue light organic electrolu-
minescent device with a theoretical quantum efliciency of
100% and capable of converting a triplet excitation energy
into fluorescence. TADF material is directly used as a dopant
material, and the luminescence process is achieved by
radiative transition of the generated singlet exciton to the
ground state. The TADF material transfers the energy of the
generated singlet exciton to the ordinary fluorescent dopant
material, and the dopant material emits fluorescence through
the radiative transition.

[0026] In apreferred specific embodiment, the at least one
light emitting layer includes at least a blue light emitting
layer; the blue light emitting layer includes at least one high
energy state organic light emitting compound and a ther-
mally activated delayed fluorescent material doped therein;
in the blue light emitting layer, the lowest singlet energy
level of the high energy state organic light emitting com-
pound is higher than the lowest singlet energy level of the
thermally activated delayed fluorescent material.

[0027] When the light emitting layer is doped with a
thermally activated delayed fluorescent material, an organic
compound with high energy state is selected as the host
material, and the luminescence manner further includes the
transition from the triplet state to the singlet state of the
thermally activated delayed fluorescent material in addition
to the transition from the singlet state of the high energy state
organic compound to the singlet state of the thermally
activated delayed fluorescent material.

[0028] When the blue light emitting layer comprises at
least one high energy state organic light emitting compound
and a thermally activated delayed fluorescent material doped
therein, in the light emitting layer doped with the thermally
activated delayed fluorescent material, the volume ratio of
the thermally activated delayed fluorescent material is pref-
erably =50%, for example, 48%, 46%, 44%, 42%, 38%,
35%, 33%, 28%, 24%, 21%, 18%, 15%, 13%, 11%, 8%, and
6%, etc., further preferably <25%, and particularly prefer-
ably =15%.

[0029] The volume ratio of the thermally activated
delayed fluorescent material in the light emitting layer
determines the concentration of the exciton and the suffi-
ciency of energy transfer, and a volume ratio of 50% or less
can ensure that the energy is sufficient without causing the
concentration of the exciton to be too high to result in the
quenching of the exciton which reduces the efliciency and
lifetime of the device.

[0030] In another preferred specific embodiment, the at
least one light emitting layer includes at least a blue light
emitting layer; the blue light emitting layer includes at least
one high energy state organic light emitting compounds, at
least one low energy state organic light emitting compounds
and a thermally activated delayed fluorescent material doped
therein;
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[0031] the lowest singlet energy level of the high energy
state organic light emitting compound is higher than the
lowest singlet energy level of the thermally activated
delayed fluorescent material;

[0032] the lowest singlet energy level of the low energy
state organic light emitting compound is lower than the
lowest singlet energy level of the thermally activated
delayed fluorescent material.

[0033] When the light emitting layer is doped with a
thermally activated delayed fluorescent material, an organic
compound with high energy state and an organic compound
with low energy state are selected as the host material at the
same time, and the luminescence manner further includes
the transition from the triplet state to the singlet state of the
thermally activated delayed fluorescent material in addition
to the transition from the singlet state of the high energy state
organic compound to the singlet state of the low energy state
organic compound (including the direct transition from the
singlet state of the high energy state organic compound to
the singlet state of the low energy state organic compound,
and the transition firstly from the singlet state of the high
energy state organic compound to the singlet state of the
thermally activated delayed fluorescent material, then to the
singlet state of the low energy state organic compound).
Thus, “the blue light emitting layer includes at least one high
energy state organic light emitting compounds, at least one
low energy state organic light emitting compounds and a
thermally activated delayed fluorescent material doped
therein” can further realize excellent energy transfer, and
achieve the purpose of high efficiency.

[0034] When the blue light emitting layer includes at least
one high energy state organic light emitting compound, at
least one low energy state organic light emitting compound
and a thermally activated delayed fluorescent material doped
therein, in the blue light emitting layer, the volume ratio of
the high energy state organic light emitting compound is
preferably =50%, for example, 52%, 55%, 57%, 59%, 61%,
63%, 67%, 69%, 72%, 4%, 76%, 78%, 82%, 85%, 88%,
92%, and 95%, etc.

[0035] When the blue light emitting layer includes at least
one high energy state organic light emitting compound, at
least one low energy state organic light emitting compound
and a thermally activated delayed fluorescent material doped
therein, in the blue light emitting layer, the volume ratio of
the low energy state organic light emitting compound is
=10%, for example, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, and
1%, etc.

[0036] In a preferred specific embodiment, the energy
level difference between the lowest singlet state S, and the
lowest triplet state T, of the thermally activated delayed
fluorescent material is AE_=FE,~E,,=0.30 eV, for example,
0.29eV,0.28¢eV,0.27eV,026 eV, 0.25eV,0.24 eV, 0.23 eV,
0.22¢eV,0.21eV,0.20eV,0.19eV,0.18 eV, 0.16 eV, 0.14 €V,
0.13eV,0.12¢eV,0.11 eV, 0.10eV, 0.09 eV, 0.08 eV, 0.07 eV,
0.06eV,0.05¢eV,0.04 €V,0.03 €V, 0.02 eV, and 0.01 €V, etc.
When AE_>0.30 eV, the fluorescence delay effect of the
compound is not obvious.

[0037] Preferably, the compound has AE_<0.25 eV; fur-

ther preferably, the compound has AE_=0.15 eV, even
further preferably, the compound has AE_<0.10 eV; still

further preferably, the compound has AE_,<0.05 eV; particu-
larly further preferably, the compound has AE_=<0.02 eV,

and most preferably, the compound has AE_,<0.01 eV.
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[0038] The present disclosure is not particularly limited to
a specific thermally activated delayed fluorescent material,
and any thermally activated delayed fluorescent material that
can be obtained by those skilled in the art can be used in the
OLED display panel according to the present disclosure.

[0039] As the first aspect of the specific embodiments, the
thermally activated delayed fluorescent material is any one
or a combination of at least two selected from the group
consisting of the compounds having the structure repre-
sented by formula (S-1);

formula (S-1)
An Aal Aand Azo

An Ags Ag Ag7

[0040] informula (S-1), A 1, ALsy Auas Ay Aus, Aus, Ay,
Ae A, and A, are each independently selected from a
hydrogen atom, a nitrile group or a functional group having
a structure of formula (II); and among A, A5, A,z A,
A A Ay, A, A, and A, there exists at least one
nitrile group and at least one group having a structure of
formula (S-1a);

Rai Ras
N,
Ry3 Ras

Ra4 Rus

formula (S-1a)

[0041] in formula (S-1a), R, R, R.3, R4 R s, Ryq,
R, and R 4 are each independently selected from a hydro-
gen atom, a deuterium atom or a Cy_3, aromatic group or a
C,_;0 heterocyclic aromatic group.

[0042] Exemplarily, the thermally activated delayed fuo-
rescent material described in one of the specific embodi-
ments comprises:
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[0043]

As the second aspect of the specific embodiments,
the thermally activated delayed fluorescent material is any
one or a combination of at least two selected from the group
consisting of the compounds having the structure repre-
sented by formula (S-2);

formula (S-2)

N N
Ylbl/ \> /: \lez
)\N NJ\RM

Ryj
Apg Apg

Ap Aps

[0044] in formula (S-2), A,,, A,,, A, and A,, are each
independently selected from a hydrogen atom or a functional
group having a structure of formula (S-2b), and at least one
of A,, Az Ay, and A, is a functional group having a
structure of formula (S-2b); R, and R, , are each indepen-
dently selected from a hydrogen atom, a deuterium atom, a
C,-C4, alkyl, a C 5, aromatic group or a C, 5, heterocyclic
aromatic group; Y,,, and Y,, are each independently
selected from a substituted or unsubstituted carbon or nitro-
gen.
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formula (S-2b)

Res N Reo
ij X RbS
Res Rp;
[0045] In formula (8-2b), X is any one selected from the

group consisting of an oxy group, a thio group, a substituted
or unsubstituted imino group, a substituted or unsubstituted
methylene group, a substituted or unsubstituted silicylene
group;

[0046] R,3, R, Rys,Ry6, Ryc, Ryg, Ry, and R are cach
independently selected from any one of a hydrogen atom, a
deuterium atom, a C,;-C;, alkyl group, a C,;, aromatic
group or a C, 5, heterocyclic aromatic group.

[0047] Exemplarily, the thermally activated delayed fluo-

rescent material described in one of the specific embodi-
ments comprises:
[0048]

anyone of
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-continued -continued
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[0049] The thermally activated delayed fluorescent mate- =
(0]

rial according to the present disclosure can also be selected
from any thermally activated delayed fluorescent materials
known to those skilled in the art, for example, such as:

c

/

O
=

Ne=

0
e

A
seo

-
Jole

N

L -

O

7\
m/z

7\



US 2018/0013087 A1 Jan. 11,2018

6
-continued -continued
N
| A I\i X
Va A
N N

N 0, )

r—
\
N\

i B
a N __#
N
< Q £ Q
N 0, N 0O
S S
x AN




Jan. 11,2018

US 2018/0013087 A1

-continued

-continued




Jan. 11,2018

US 2018/0013087 A1

continued
v
0

-continued




US 2018/0013087 A1 Jan. 11,2018




US 2018/0013087 A1

-continued

A

N

10

Jan. 11,2018

-continued
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N N =

[0050] In a further specific embodiment, referring to FIG.
2, an OLED display panel exemplarily has the structure as
shown in FIG. 2, which comprises a first electrode 201 and
a second electrode 202, at least one light emitting layer 203
disposed between the first electrode 201 and the second
electrode 202; a first functional layer 204 and a second
functional layer 205 disposed on both sides of each light
emitting layer 203 respectively; a third functional layer 206
disposed between the first electrode 201 and the first func-
tional layer 204, and the third functional layer comprises at
least one hole transport compound having a structure of
formula (K-1);

formula (K-1)
Ru o / 1% Rp
\

\ / Rgs Ris

\
Rk3/\ / " Ry

[0051] In formula (K-1), R;;, Riss Ry, Riss Rys, and Ry
are each independently any one selected from the group
consisting of hydrogen, an unsubstituted phenyl, or a phenyl
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group having a C1-C6 alkyl substituent; R s and R, ; are each
independently selected from any one of hydrogen, an unsub-
stituted C1-C6 alkyl, fluorine or chlorine.

[0052] The third functional layer has a function for trans-
porting holes and adjusting the length of optical cavity.

[0053] In a specific embodiment, the hole transport com-
pound having a structure of formula (K-1) includes

[0054] Ina further specific embodiment, refer to FIG. 3, an
OLED display panel exemplarily has the structure as shown
in FIG. 3, which comprises a first electrode 301 and a second
electrode 302, at least one light emitting layer 303 disposed
between the first electrode 301 and the second electrode 302;
a first functional layer 304 and a second functional layer 305
disposed on both sides of each light emitting layer 303
respectively; a third functional unit disposed between the
first electrode 301 and the first functional layer 304, and the
third functional unit comprises a third functional layer 306
and auxiliary functional layers 3071 and 3072 disposed on
both sides of the third functional layer 306, respectively. The
auxiliary functional layer includes a hole transport com-
pound having a structure of formula (K-1) and a dopant
having a structure of formula (C-1) doped in the hole
transport compound having a structure of formula (K-1);

formula (C-1)

Rcl
NC
CN;
Rei
Ry
CN
[0055] in formula (C-1), R, includes a fluorine-substi-

tuted aromatic ring group.
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[0056] The auxiliary functional layer has a function of
assisting holes to be injected from the anode into the hole
transport layer.

[0057] In a specific embodiment, the dopant having a
structure of formula (C-1) includes

E CN

[0058] In a specific embodiment, the second functional
layer comprises a host material having a structure of formula
(D-1) and a dopant dispersed in the host material, the dopant
comprises a metal and/or a metal compound;

formula (D-1)

[0059] in formula (D-1), Ry, Ryps, Ry and Ry, are each
independently selected from any one of hydrogen, an alkyl
group, a substituted or unsubstituted aromatic group; a metal
element in the metal and/or the metal compound includes
any one of an alkali metal, an alkaline earth metal and a rare
earth metal.

[0060] The selection of a host material having a structure
of formula (D-1) and a dopant dispersed in the host material,
so as to obtain a second functional layer, is capable of
achieving high electron mobility and good electron injec-
tion.

[0061] 1In a specific embodiment, the host material having
a structure of formula (D-1) includes

[0062] In a specific embodiment, the metal element in the
metal and/or the metal compound includes lithium, calcium,
ytterbium, or magnesium.



US 2018/0013087 A1

[0063] Preferably, the metal element in the metal and/or
the metal compound is lithium.

[0064] In a specific embodiment, the second electrode
includes silver or silver alloy; an alloy element of the silver
alloy includes any one or a combination of at least two of an
alkali metal element, an alkaline earth metal element and a
rare earth metal element.

[0065] Preferably, the alloy element of the silver alloy
includes any one or a combination of at least two of lithium,
calcium, ytterbium, and magnesium.

[0066] In a specific embodiment, the first electrode com-
prises at least two functional layers, and the at least two
functional layers include a reflective film and a conductive
transparent thin film.

[0067] Preferably, the reflective film includes silver.
[0068] Preferably, the conductive transparent thin film
includes an ITO film or an IZO film.

[0069] In a specific embodiment, the second electrode
includes magnesium silver alloy, silver metal, silver ytter-
bium alloy or silver rare-earth metal alloy.

[0070] In a specific embodiment, a light from the OLED
display panel is emitted from the second electrode.

[0071] In a specific embodiment, the present disclosure
also provides a display device comprising the OLED display
panel as previously described in any one of the embodi-
ments. The display device may be a mobile phone as shown
in FIG. 4, and may also be a computer, a television set, and
an intelligent wearing device, etc., however, the examples of
the present disclosure is not particularly limited thereto.
[0072] Performance tests for a number of examples and
comparative examples provided by the present disclosure
are also carried out in the present disclosure, and the test
method is as follows:

[0073] The currents of the organic photo electronic
devices manufactured in the examples and comparative
examples at different voltages were tested with an instru-
ment likeKeithley 2365A digital nanovoltmeter, and then the
current densities of the organic photo electronic devices at
different voltages were obtained by dividing the currents by
the light emitting area. The luminance and radiant energy
flux density of the organic photoelectronic device manufac-
tured in the test examples and comparative examples at
different voltages were tested with an instrument like Koni-

Jan. 11,2018

caminolta CS-2000 spectro-radiometry luminance meter.
According to the current density and luminance of the
organic photo electronic device at different voltages, the
current efficiency (Cd/A) and the external quantum effi-
ciency EQE at the same current density (0.1 mA/cm?) were
obtained.

[0074] Examples 1, 3, 4, 6, 7, 9, 10, 11, and 12 and
Comparative Examples 1 and 3 have the structure as shown
in FIG. 3, which specifically comprises:

[0075] a substrate 1, an ITO electrode 301, a first doping
layer 3071 (thickness: 10 nm), a third functional layer 306
(thickness: 60 nm), a second doping layer 3072 (thickness:
10 nm), a first hole transport layer 304 (thickness: 30 nm),
a light emitting layer 303 (thickness: 30 nm), a first electron
transport layer 305 (thickness: 30 nm), and a silver electrode
302 (thickness: 100 nm).

[0076] Examples 2 and Comparative Example 2 have the
structure as shown in FIG. 5, which specifically comprises:
[0077] a substrate 1, an ITO electrode 501, a first doping
layer 5071 (thickness: 10 nm), a third functional layer 506
(thickness: 60 nm), a first hole transport layer 504 (thick-
ness: 30 nm), a light emitting layer 503 (thickness: 30 nm),
a first electron transport layer 505 (thickness: 30 nm), and a
silver electrode 502 (thickness: 100 nm).

[0078] Examples 5 and Comparative Example 4 have the
structure as shown in FIG. 6, which specifically comprises:
[0079] a substrate 1, an ITO electrode 601, a third func-
tional layer 606 (thickness: 60 nm), a second doping layer
6072 (thickness: 10 nm), a first hole transport layer 604
(thickness: 30 nm), a light emitting layer 603 (thickness: 30
nm), a first electron transport layer 605 (thickness: 30 nm),
and a silver electrode 602 (thickness: 100 nm).

[0080] Examples 8 and Comparative Example 6 have the
structure as shown in FIG. 1, which specifically comprises:
[0081] a substrate 1, a first electrode 101 (an ITO elec-
trode), a first functional layer 104 (a hole transport layer)
(thickness: 30 nm), a light emitting layer 503 (thickness: 30
nm), a second functional layer 105 (an electron transport
layer) (thickness: 30 nm), and a second electrode 102 (a
silver electrode) (thickness: 100 nm).

[0082] The selected materials for each layer of the OLED
display panels in Examples 1-6 are shown in Table 1-1 and
Table 1-2:

TABLE 1-1

The selected materials for each laver of the OLED display panels in Examples 1-6

Examples
Structure 1 2 3 4 5 6
The first K:C X:C X:C K:C — K:C
doping layer (1:100) (1:100) {1:100) (1:100) (1:100)
The third K K K K K K
functional layer
The second X:C — X:C K:C K:C K:C
doping layer (1:100) (1:100) (1:100) (1:100) (1:100)
The first hole HT1 HT1 HT1 HT1 HT1 HT1
transport layer
The light Materials BH:S1:BD BH:S1:BD BH:S1:BD BH:S1 BH:S1 BH:S1:BD
emitting  Doping (80:15:5)  (80:15:5)  {80:15:5)  (90:10) (90:10) (90:1:9)
layer
The first electron  ET1:Yb  ET1:Yb  ETLYb  ETL:Yb ETL:Yb ET2:Yb
transport layer (100:1) (100:1) (100:1) (100:1) (100:1) (100:1)
The silver Ag Ag MgAg Ag Ag Ag

electrode layer alloy
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TABLE 1-2
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The selected materials for each layer of the OLED display panels in Examples 7-12

Examples
Structure 7 8 9 10 1 12
The first K:C — K:C K:C K:C X:C
doping layer (1:100) (1:100) (1:100) (1:100) (1:100)
The third K — K K K K
functional layer
The second K:C — K:C K:C K:C X:C
doping layer (1:100) (1:100) (1:100) (1:100) (1:100)
The first hole HT1 HT1 HT1 HTI1 HT1 HTI1
transport layer
The light Materials BH:S1:BD BH:S1:BD BH:S2:BD BH:S3:BD BH:S4:BD BH:S5:BD
emitting  Doping (45:50:5)  (R0:15:5) (BO:15:5) (R0:15:5) (BO:15:5) (R0:15:5)
layer ratio
The first electron ~ ET2:Yb  ET1:¥Yb  ETL:¥Yb  ETI:Yb  ETI:Yb  ET1:Yb
transport layer (100:1) (100:1)
The silver Ag Ag Ag Ag Ag Ag
electrode layer
TABLE 1-3 TABLE 1-3-continued
The selected materials for each layer of the OLED display The selected materials for each layer of the OLED display
panels in comparative examples panels in comparative examples
Comparative Examples Comparative Examples
Structure 1 2 3 4 5 6
Structure 1 2 3 4 5 6
The light BH:BD BH:BD BH:BD BH:BD BH:BD BH:BD
The first X:c X:c X:C — K:C — emitting layer  (95:5)  (95:5)  (95:5)  (95:5)  (95:5) (955
doping layer  (1:100) (1:100) (1:100) (1:100) The first ET1:Yb ET1:Yb ET1:Yb ETL:Yb ET1:Yb ET2:Yb
The third K K K K K _ electron (100:1)  (100:1) (100:1) (100:1) (100:1) (100:1)
finetional layer EFTiHSRTIT layer A A MeA. N A A
The second K:C — K:C K:C K:C — © Siver i J gA8 A8 g °
. ) electrode layer alloy
doping layer (1:100) (1:100) (1:100) (1:100)
The first hole  HT1 HT1 HT1 HT1 — HT1
transport layer [0083] In Table 1-1, Table 1-2 and Table 1-3, the meaning
of each code name is explained in Table 2.
TABLE 2
Chemical formula for each code name in Table 1-1 and Table 1-2
Code name Chemical formula
K

“o o™

Sadiae
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TABLE 2-continued

Chemical formula for each code name in Table 1-1 and Table 1-2

Chemical formula

Code name
C
NPB .
HT1
(‘\ /‘/./ N
N
BH (the

high

energy

state O
organic
light
emitting Q

compound)
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TABLE 2-continued

Chemical formula for each code name in Table 1-1 and Table 1-2

Code name Chemical formula
BD (the
low
energy
state
organic
light
emitting
compound)
: ~ ! I N
N
S1 Nes
N
N
VA |
\ N
N
N
N
S2

CH;

CH,
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TABLE 2-continued

Chemical formula for each code name in Table 1-1 and Table 1-2

Code name Chemical formula

S3 /""\
N

N F
Q\N/@N N\

N

; f \—/

S4

S5

ET1

Jan. 11,2018
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TABLE 2-continued
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Chemical formula for each code name in Table 1-1 and Table 1-2

Code name Chemical formula
ET2
N
\
N
[0084] The results of the performance tests for the OLED

display panels provided in the examples and the comparative
examples are shown in Table 3.

TABLE 3

The results of the performance tests for the OLED display
panels provided in the examples and the comparative examples

Voltage
(condition: 10 mA/em™) EQE (condition: 1 mA/em™2)

Example 1 33V 7%
Example 2 32V 6.3%
Example 3 33V 6.5%
Example 4 33V 12.2%
Example 5 5.6V 4.7%
Example 6 7.6V 6.2%
Example 7 79V 5.8%
Example 8 6.6V 3.8%
Example 9 32V 7.2%
Example 10 34V 7.1%
Example 11 33V 6.8%
Example 12 33V 6.9%
Comparative 32V 6.0%
Example 1

Comparative 33V 5.7%
Example 2

Comparative 33V 5.2%
Example 3

Comparative 35V 2.5%
Example 4

Comparative 75V 2.0%
Example 5

Comparative 61V 1.0%
Example 6

[0085] As can be seen from Table 1-3, the luminous

efficiency can be improved by using the thermally activated
delayed fluorescent material through reasonably arrange-
ment of the structure of the device. In particular, the external
quantum efficiency (EQE) of the OLED display panel can be
significantly improved by using a thermally activated
delayed material as a dopant to mix with the host material,

under the premise that the voltage does not change much, for
example, the voltages of Examples 1-4 were in the range of
3.2-3.3V, and the external quantum efficiency was more than
6.5%; on the contrary, the voltage of the Comparative
Examples 1-3 were in the range of 3.2-3.3V, and the external
quantum efficiency was below 6.0%. As can be seen from
the results of Examples 2 and 5 and Example 1, the
arrangement of the third functional layer and the incorpo-
ration of the thermally activated delayed material can effec-
tively improve the external quantum efficiency of the OLED
device. As can be seen from the results of Examples 1, 6 and
7, when the doping amount of the thermally activated
delayed material was 15%, the OLED device had the highest
external quantum efficiency. However, as can be seen from
the results of the Comparative Examples 1 to 6 and the
examples, regardless of the presence of the third functional
layer and the structure of the third functional unit, the
external quantum efficiency of the corresponding device can
be improved only if the thermally activated delayed material
was doped therein.
[0086] Applicant has stated that although the detailed
process equipment and process flow of the present disclo-
sure have been described by the above examples in the
present disclosure, the present disclosure is not limited
thereto, that is to say, it is not meant that the present
disclosure has to be implemented depending on the above
detailed process equipment and process flow. It will be
apparent to those skilled in the art that any improvements
made to the present disclosure, equivalent replacements to
the raw materials of the products of the present disclosure
and addition of adjuvant ingredients, and choices of the
specific implementations, etc., all fall within the protection
scope and the disclosure scope of the present disclosure.

What is claimed is:

1. An OLED display panel, comprising:

a first electrode, a second electrode, a light emitting layer

disposed between the first electrode and the second
electrode; and
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a first functional layer and a second functional layer
disposed on a first and a second sides of the light
emitting layer respectively, wherein the first functional
layer comprises at least one compound having a hole
transport capability,

wherein the second functional layer comprises at least one
compound having an electron transport capability;
wherein an organic light emitting compound in the light
emitting layer is doped with a thermally activated
delayed fluorescent material;

wherein a lowest triplet energy level of the organic light
emitting compound (T,) is higher than a lowest singlet
energy level of the thermally activated delayed fluo-
rescent material (S,);

wherein the lowest triplet energy level of the compound
having a hole transport capability (T,) and the lowest
triplet energy level of the organic light emitting com-
pound (Ty) satisfy formula (I):

T\-Tp>-0.2 eV formula (I); and

wherein the lowest triplet energy level of the compound
having an electron transport capability (T,) and the
lowest triplet energy level of the organic light emitting
compound (T,,) satisfy formula (1I):

I-Ty>-0.2 eV formula (II).

2. The OLED display panel according to claim 1, wherein
the light emitting layer comprises a blue light emitting layer;
wherein the blue light emitting layer comprises a high
energy state organic light emitting compound and a ther-
mally activated delayed fluorescent material doped therein;

wherein the lowest singlet energy level of the high energy

state organic light emitting compound is higher than the
lowest singlet energy level of the thermally activated
delayed fluorescent material

3. The OLED display panel according to claim 2, wherein
in said light emitting layer, the volume ratio of the thermally
activated delayed fluorescent material is <50%.

4. The OLED display panel according to claim 2, wherein
in said light emitting layer, the volume ratio of the thermally
activated delayed fluorescent material is =25%.

5. The OLED display panel according to claim 2, wherein
in said light emitting layer, the volume ratio of the thermally
activated delayed fluorescent material is <15%.

6. The OLED display panel according to claim 1, wherein
the light emitting layer comprises a blue light emitting layer;
wherein the blue light emitting layer comprises a high
energy state organic light emitting compound, a low energy
state organic light emitting compound and a thermally
activated delayed fluorescent material doped therein;

wherein a lowest singlet energy level of the high energy

state organic light emitting compound is higher than a
lowest singlet energy level of the thermally activated
delayed fluorescent material;

wherein a lowest singlet energy level of the low energy

state organic light emitting compound is lower than a
lowest singlet energy level of the thermally activated
delayed fluorescent material.

7. The OLED display panel according to claim 6, wherein
a volume ratio of the high energy state organic light emitting
compound in the blue light emitting layer is 250%.

8. The OLED display panel according to claim 6, wherein
a volume ratio of the low energy state organic light emitting
compound in the blue light emitting layer is <10%.
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9. The OLED display panel according to claim 1, wherein
a energy level difference between a lowest singlet state S,
and a lowest triplet state T, of the thermally activated
delayed fluorescent material is AE_=E,~E <030 eV.

10. The OLED display panel according to claim 9,
wherein that the thermally activated delayed fluorescent
material is any one or a combination of at least two selected
from the group consisting of the compounds having the
structure represented by formula (S-1);

formula (S-1)

Ap Ast Aain Ago
Ay Ags Ang Ag7

in fornula (S'l)s Aals AaZs Aa35 Aa4s AaSa Aa6s Aa7s AaSs
A, and A_,, are each independently selected from a
hydrogen atom, a nitrile group or a functional group
having a structure of formula (II); and among A, A _,,
Aa35 Aa4s AaSs Aa6s Aa7s AaSs Aa9s and AalOs there exists
at least one nitrile group and at least one group having
a structure of formula (S-1a);

Ra Ros

N,

Ra Q O R

Res Rag
Ray Rus

formula (S-1a)

in formula (S'la): Rala Ra2> Ra3> Ra4> Ra5> Ra6> Ra7> and
Rz are each independently selected from a hydrogen
atom, a deuterium atom or a Cg_5, aromatic group or a
C,_50 heterocyclic aromatic group.

11. The OLED display panel according to claim 9,
wherein that the thermally activated delayed fluorescent
material is any one or a combination of at least two selected
from the group consisting of the compounds having the
structure represented by formula (S-2);

formula (S-2)

N N
Y\bl/ N7 /sz
)\N> <N/k
Ry Rpz
Apy Ay
Ap2 Ap3

in formula (S-2), A, A,z Ags, and A, are each inde-
pendently selected from a hydrogen atom or a func-
tional group having a structure of formula (S-2b), and
at least one of A}, A,,, A,;, and A,, is a functional
group having a structure of formula (S-2b); R, and R,
are each independently selected from a hydrogen atom,
a deuterium atom, a C,-C;, alkyl, a C,_5, aromatic
group or a C, 3, heterocyclic aromatic group; Y,; and
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Y, are each independently selected from a substituted

or unsubstituted carbon or nitrogen;

formula (S-2b)

Rys X Ryo

wherein in formula (S-2b), X is any one selected from the
group consisting of an oxy group, a thio group, a
substituted or unsubstituted imino group, a substituted
or unsubstituted methylene group, a substituted or
unsubstituted silicylene group;

wherein R,3, Ry4. Rys, Ryg, Ryms Ryes Ryo, and R, are

each independently selected from any one of a hydro-
gen atom, a deuterium atom, a C,-C;, alkyl group, a
Ce.30 aromatic group or a C, 5, heterocyclic aromatic
group.

12. The OLED display panel according to claim 1,
wherein that a third functional layer is disposed between the
first electrode and the first functional layer, and the third
functional layer comprises a hole transport compound hav-
ing a structure of formula (K-1):

formula (K-1)

Ry ~ / % Rp

\}
A / ) Ry
wherein in formula (K-1), R;;, Rps, Rz, Ry, Ris, and R
are each independently any one selected from the group
consisting of hydrogen, an unsubstituted phenyl, or a
phenyl group having a C1-C6 alkyl substituent; R, and
R, are each independently any one selected from the
group consisting of hydrogen, an unsubstituted C1-C6
alkyl, fluorine or chlorine.
13. The OLED display panel according to claim 12,
wherein that the hole transport compound having a structure
of formula (K-1) includes

S

QL
9
g

g
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-continued

)

N

W
aats
v &
v O
O O

14. The OLED display panel according to claim 12,
wherein two sides of the third functional layer each is
independently disposed with an auxiliary functional layer,
the auxiliary functional layer includes a hole transport
compound having a structure of formula (K-1) and a dopant
having a structure of formula (C-1) doped in the hole
transport compound having a structure of formula (K-1);

Rcl
NC
\ CN
/ Reis
Rcl
CN

wherein in formula (C-1), R, includes a fluorine-substi-
tuted aromatic ring group.

formula (C-1)

15. The OLED display panel according to claim 14,
wherein that the dopant having a structure of formula (C-1)
includes

E CN

16. The OLED display panel according to claim 1,
wherein the second functional layer comprises a host mate-
rial having a structure of formula (D-1) and a dopant
dispersed in the host material, the dopant comprises a metal
and/or a metal compound,;
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formula (D-1)

wherein in formula (D-1), Ry, Ry, Rp; and Ry, are
each independently selected from any one of hydrogen,
an alkyl group, a substituted or unsubstituted aromatic
group; and
wherein a metal element in the metal and/or the metal
compound includes any one of an alkali metal, an
alkaline earth metal and a rare earth metal.
17. The OLED display panel according to claim 16,
wherein that the host material having a structure of formula
(D-1) includes

18. The OLED display panel according to claim 16,
wherein that the metal element in the metal and/or the metal
compound includes lithium, calcium, ytterbium, or magne-
sium.

20
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19. The OLED display panel according to claim 16,
wherein that the metal element in the metal and/or the metal
compound is lithium.

20. The OLED display panel according to claim 1,
wherein that the second electrode comprises silver or a silver
alloy;

wherein an alloy element of the silver alloy includes any
one or a combination of at least two of an alkali metal
element, an alkaline earth metal element and a rare
earth metal element.

21. The OLED display panel according to claim 20,
wherein that the alloy element of the silver alloy includes
any one or a combination of at least two of lithium, calcium,
ytterbium, and magnesium.

22. The OLED display panel according to claim 1,
wherein that the first electrode comprises at least two
functional layers, and the at least two functional layers
comprising a reflective film and a conductive transparent
thin film.

23. The OLED display panel according to claim 22,
wherein that the reflective film includes silver;

the conductive transparent thin film comprises an ITO
film or an IZO film.

24. The OLED display panel according to claim 1,
wherein that the second electrode comprises magnesium
silver alloy, silver metal, silver ytterbium alloy or silver
rare-earth metal alloy.

25. The OLED display panel according to claim 1,
wherein that a light from the OLED display panel is emitted
from the second electrode.

26. A display device, wherein that it comprises the OLED
display panel according to claim 1.

* ok % % ¥
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