US 20170317308A1

12y Patent Application Publication (o) Pub. No.: US 2017/0317308 A1l

a9y United States

WANG et al. 43) Pub. Date: Nov. 2, 2017
(54) OLED DISPLAY PANEL AND ELECTRONIC HOIL 51/00 (2006.01)
DEVICE COMPRISING THE SAME HOIL 27/32 (2006.01)
HOIL 51/50 (2006.01)
(71)  Applicants:SHANGHAI TIANMA AM-OLEO HOIL 51/00 (2006.01)
CO., LTD.. Shanghai (CN); TIANMA HOIL 51/00 (2006.01)

MICRO-ELECTRONICS CO., LTD., (52) US.CL
Shenzhen (CN) CPC .. HOIL 51/5064 (2013.01); HOIL 51/56

(72) Inventors: Xiangcheng WANG, Shanghai (CN);
Chen LIU, Shanghai (CN); Wei HE,
Shanghai (CN); Jinghua NIU, Shanghai
(CN); Yuji HAMADA, Shanghai (CN);
Ying LIU, Shanghai (CN)

(21) Appl. No.: 15/652,034

(22) Filed: Jul. 17, 2017
(30) Foreign Application Priority Data
Dec. 28,2016  (CN) oo 201611240049.X
Publication Classification
(51) Imt.CL
HOIL 51/50 (2006.01)
HOIL 51/00 (2006.01)
HOIL 27/32 (2006.01)
HOIL 51/00 (2006.01)
HOIL 51/50 (2006.01)
HOIL 51/56 (2006.01)
HOIL 51/50 (2006.01)
HOIL 51/52 (2006.01)

1042

1093 1092

(2013.01); HOIL 51/006 (2013.01); HOIL
27/3211 (2013.01); HOIL 51/0059 (2013.01);
HOIL 51/506 (2013.01); HOIL 51/5072
(2013.01); HOIL 51/0011 (2013.01); HOIL
27/3206 (2013.01); HOLL 51/5056 (2013.01);
HOIL 51/0052 (2013.01); HOIL 51/0058
(2013.01); HOIL 51/5265 (2013.01)

(57) ABSTRACT

The present invention relates to an OLED display panel
comprising a first electrode, and a first hole transporting
layer, a second hole transporting layer, and an electron
transporting layer stacked on the first electrode, and a second
electrode formed; at least two light emitting units are
provided on the second hole transporting layer; the electron
transporting layer covers the light emitting units; the mate-
rial of the electron transporting layer fills the gap(s) between
adjacent light emitting units; the first hole transporting layer
comprises a hole transporting material which has a hole
mobility of 9x107>-5x10* em*/V-8, and a solubility of 10
¢/l or more in a cleaning solvent at 25° C. The present
invention utilizes a hole transporting material having a
specific hole mobility as a common hole transporting layer,
avoiding crosstalks between different pixels.
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OLED DISPLAY PANEL AND ELECTRONIC
DEVICE COMPRISING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to the Chinese
patent application No. CN 201611240049.X filed on Dec.
28, 2016 and titled “OLED Display Panel and Electronic
Device Having the same”, which is incorporated herein by
reference in its entirety.

TECHNICAL FIELD

[0002] The present application pertains to the field of
organic light-emitting diodes, and more particularly to an
OLED display panel and an electronic device having the
samie.

BACKGROUND

[0003] Mobile phones and many other small and medium
size OLED screens use R, G, B sub-pixel display mode
(FIG. 1). In order to improve the production yield, some
functional layers are often designed as public layers, so that
FMM (fine metal mask) can be used less. Hole transporting
layer often uses a public layer, and general public hole
transporting layer may use commercially available materi-
als. The commercially available hole transporting layer
materials have a molecular structure of, e.g.

(EP-721935)

However, such material has a higher longitudinal mobility
rate, and the lateral mobility rate thereof is not very high.
There will be no occurrence of crosstalk between pixels.

CN103108859 discloses

[0004]

wherein the material has a good solubility, and a higher
mobility rate.
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[0005] There are several problems in the current technolo-
gies of hole transporting materials. First, the material solu-
bility is not good, which leads to a poor cleaning effect of
masks for evaporation during mass production. Second, the
material mobility rate is too low, which will lead to an
excessive overall voltage of devices. Third, the mobility rate
of the material, especially the lateral mobility rate of the
material, is too high, leading to crosstalk of adjacent pixels.
[0006] The mobility rate of the commercially available
material in EP-721935 falls within the acceptable range, and
no crosstalk will occur. However, the solubility thereofis not
very good. The solubility of the commercially available
material in CN103108859 is acceptable, but too high mobil-
ity rate leads to lateral leakage current to form crosstalk.
[0007] There is a need in the field for the development of
OLED devices which have small crosstalks between pixels
and are suitable for mask cleaning process.

SUMMARY

[0008] In view of the deficiencies of the prior art, the first
object of the present invention is to provide an OLED
display panel comprising a first electrode, and a first hole
transporting layer, a second hole transporting layer, and an
electron transporting layer stacked sequentially on the first
electrode, and a second electrode formed thereon; at least
two light emitting units are provided on the second hole
transporting layer; the electron transporting layer covers the
light emitting units; and the material of the electron trans-
porting layer fills the gap(s) between adjacent light emitting
units; the first hole transporting layer comprises a hole
transporting material; the hole transporting material has a
hole mobility of 9x107>-5x10* cm*/V"-S, and a solubility of
10 g/LL or more in N-methylpyrrolidone at 25° C.

[0009] The second object of the present invention is to
provide an electronic device comprising the OLED display
panel as stated in the first object of the present invention.
[0010] Compared with the prior art, the present invention
has the following beneficial effects:

[0011] The present invention utilizes a hole transporting
material having a specific hole mobility as a common hole
transporting layer, which can avoid crosstalk between dif-
ferent pixels. Meanwhile, the specific solubility range
thereof in mask cleaning solvent can solve the problem that
the mask is difficult to clean.

BRIEF DESCRIPTION OF THE FIGURES

[0012] FIG. 1 shows a schematic cross-sectional structure
view of an OLED display panel according to one specific
embodiment of the present invention.

[0013] FIG. 2 shows a schematic cross-sectional structure
view of another OLED display panel according to one
specific embodiment of the present invention.

[0014] FIG. 3 shows a schematic cross-sectional structure
view of yet another OLED display panel according to one
specific embodiment of the present invention.

[0015] FIG. 4 shows a schematic cross-sectional structure
view of yet another OLED display panel according to one
specific embodiment of the present invention.

DETAIL DESCRIPTION

[0016] For the purpose of of understanding the present
invention, the present invention discloses the following
examples. Those skilled in the art shall know that the
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examples are merely illustrative of the present invention and
should not be construed as limiting the present invention.

[0017] In a specific embodiment, the present application
provides an OLED display panel. Said OLED display panel
comprises a first electrode, and a first hole transporting layer,
a second hole transporting layer, and an electron transport-
ing layer stacked sequentially on the first electrode, and a
second electrode formed thereon. At least two light emitting
units are provided on the second hole transporting layer. The
electron transporting layer covers the light emitting units.
And the material of the electron transporting layer fills the
gap(s) between adjacent light emitting units. The first hole
transporting layer comprises a hole transporting material.
The hole transporting material has a hole mobility of 9x10~
5-5x10% cm*/V-S, for example 1.0x10™* cm*/V-S, 1.2x10~*
em¥/V-S, 1.3x107* cm*/V-S, 1.4x107* cm*/V'S, 1.6x10™*
cmV-S, 1.8x107* cm¥V-S, 1.9x107* em?/V-S, 2.0x107*
em¥/V'S, 2.2x107* cm*/V'S, 2.4x107* cm*/V'S, 2.5x10~*
cmV-S, 2.7x107* cm¥V-S, 2.9x107* em?/V-S, 3.1x107*
em™/V-S, 3.3x107* em*/ V'S, 3.5x107* em?/ V'S, 3.7x107*
cm?/V-S, 3.8x107* cm?/V'S, 4.0x107* cm?/V-S, 4.2x107*
cm?V'S, 4.7x107* cm?/VS, 4.9x107* cm/V'S, etc.

[0018] The hole transporting material has a solubility of
10 g/L or more in a mask cleaning solvent at 25° C., for
example 11 g/, 12 ¢/T,, 13 g/, 14 g/L, 17 /L, 19 g/L, 21
g/, 23 ¢/L, 25 g/L,, 27 ¢/L,, 29 ¢/L, 31 g/L, 32 g/L, etc.
[0019] Preferably, the mask cleaning solvent is anyone
selected from the group consisting of N-methylpyrrolidone,
cyclohexanone, substituted or unsubstituted furan, and iso-
propanol, or a mixture of at least two of them.

[0020] The exemplary substituted or unsubstituted furan is
anyone selected from the group consisting of furan, dihy-
drofuran, methylfuran, and tetrahydrofuran, or a combina-
tion of at least two of them.

[0021] In the OLED device structure, a hole transporting
layer having a specific hole mobility (9x107°-5x10~* cm?*/
V-S) can ensure that no crosstalk occurs between pixels, and
the specific solubility in mask cleaning solvent can ensure
that the mask is thoroughly cleaned to improve the yield of
good products.

[0022] In a specific embodiment, the second hole trans-
porting layer comprises at least two independent hole trans-
porting units, the independent hole transporting units being
provided between the first hole transporting layer and the
light emitting units.

[0023] In a specific embodiment, an independent hole
transporting unit is provided between each light emitting
unit and the first hole transporting layer.

[0024] The independent hole transporting units described
in the present invention can be understood as hole trans-
porting layers dedicated to different light emitting units. The
independent hole transporting units are capable of supple-
menting the microcavity effect caused by the difference in
pixels (e.g., red, green, and blue) by adjusting the thickness
thereof. For example, with respect to red light emitting layer
which has a longer hole transporting distance, it can be
adjusted by setting the independent hole transporting layer
to have a larger thickness. In addition, in the second hole
transporting layer, ideally, the hole transporting units should
transmit only the light emitted by the corresponding light
emitting unit (pixel), thereby avoiding crosstalk between
adjacent pixels.
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[0025] 1In a specific embodiment, each hole transporting
unit is independently selected to be the same as or different
from the first hole transporting layer.

[0026] The material of the hole transporting units may
optionally be the same as or different from that of the first
hole transporting layer. If the material of the hole transport-
ing units of the second hole transporting layer is the same as
that of the first hole transporting layer, a hole transporting
layer having different thicknesses is formed, and those
skilled in the art can design the thickness of the hole
transporting layer according to the pixels of the light emit-
ting units, for example, the thickness of the red light
transmission path is designed to be twice the red light
wavelength.

[0027] In a preferred embodiment, the hole transporting
material has a structure of formula (I):

formula (I)
L3 L4
\
N—L—N
\
) Ls.

[0028] wherein L, is anyone selected from the group
consisting of biphenylene containing substituent(s), substi-
tuted or unsubstituted fluorenylidene, and substituted or
unsubstituted

wherein X, and X, are substituents;

the two benzene rings in substituted or unsubstituted fluo-
renylidene are connected with the two nitrogen atoms in
formula (I) respectively; the two benzene rings in biphe-
nylene containing substituent(s) are connected with the two
nitrogen atoms in formula () respectively; the two benzene
rings in substituted or unsubstituted

are connected with the two nitrogen atoms in formula (I)
respectively;

L,, L;, L, and L5 are each independently selected from the
group consisting of substituted or unsubstituted aromatic

groups.
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[0029] Preferably, the substituent of biphenylene contain-
ing substituent(s) includes anyone of linear chain or
branched chain alkyl of C1-C5, linear chain or branched
chain alkoxy of C1-C5.

[0030] The exemplary substituted or unsubstituted fluore-
nylidene is selected from the group consisting of alkyl-
substituted  fluorenylidene, alkenyl-substituted fluore-
nylidene, aryl-substituted fluorenylidene, and amino-
substituted  fluorenylidene, preferably C1-C6 alkyl-
substituted  fluorenylidene, C2-C6 alkenyl-substituted
fluorenylidene, C5-C8 aryl-substituted fluorenylidene,
amino-substituted fluorenylidene, wherein the typical but
non-limitative examples comprise:
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-continued

and the like.

[0031] The exemplary biphenylene containing substituent
(s) is selected from the group consisting of alkyl-substituted
biphenylene, alkenyl-substituted biphenylene, aryl-substi-
tuted biphenylene, and amino-substituted biphenylene, pref-
erably C1-C6 alkyl-substituted biphenylene, C2-C6 alkenyl-
substituted  biphenylene, = C5-C8  aryl-substituted
biphenylene, amino-substituted biphenylene, wherein the
typical but non-limitative examples comprise
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_continued [0032] The substituted or unsubstituted

and the like.
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-continued

and the like.

[0033] The substituted or unsubstituted aromatic groups
include phenyl, methylphenyl, ethylphenyl, methoxyphenyl

or methylnaphthyl and the like.

[0034] In a preferred embodiment, L, is anyone selected

from the group consisting of
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or a combination of at least two of them. Wherein R, R,, R;,
R, Rs, Rg, Ry, Rg, Ry, and R, are each independently
anyone selected from the group consisting of hydrogen
atom, deuterium atom, linear chain or branched chain alkyl
of C1-C5, and linear chain or branched chain alkoxy of
C1-C5; R, and R, cannot simultaneously be hydrogen atom
and/or deuterium atoni.

[0035] Examples of the linear chain or branched chain
alkyl of C1-C5 include methyl, ethyl, n-propyl, n-butyl,
t-butyl, pentyl and the like.

[0036] Examples of the linear chain or branched chain
alkoxy of C1-C5 include methoxy, ethoxy, n-propoxy, t-bu-
toxy and the like.

[0037] In a specific embodiment, L,, L5, L, and Ly are
each independently anyone selected from the group consist-
ing of substituted or unsubstituted phenyl, substituted or
unsubstituted biphenyl, substituted or unsubstituted fused
ring group, substituted or unsubstituted heteroaromatic ring
group, or a combination of at least two of them.

[0038] The exemplary fused ring group includes naphtha-
lene ring group, anthracene ring group, and the like.
[0039] In a specific embodiment, L,, L,, L, and L, are
each independently anyone selected from the group consist-
ing of

or a combination of at least two of them; wherein R';, R',,
R'5, R, R's, Rl R, R'g, R, Ry, R'yp, Ry, and Ry 5 can
be each independently anyone selected from the group
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consisting of hydrogen atom, deuterium atom, linear chain _continued
or branched chain alkyl of C1-C5, and linear chain or
branched chain alkoxy of C1-C5.

[0040] In a specific embodiment, the hole transporting
material includes anyone of
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-continued
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or a combination of at least two of them.

[0041] In a specific embodiment, the thickness of the first
hole transporting laver is 600-2300 A.

[0042] Inaspecific embodiment, the first hole transporting
layer is doped with a P-type organic material in the hole
transporting material.

[0043] Preferably, the p-type organic material has a doping
ratio of 1 to 10 wt % in the first hole transporting layer, e.g.
2wt %, 3 wt %, 4 wt %, 5wt %, 6 wt %, 7 wt %, 8 wt %,
9 wt % and the like.

[0044] In a specific embodiment, the at least two light
emitting units include anyone selected from the group
consisting of a blue light emitting unit, a green light emitting
unit and a red light emitting unit, or a combination of at least
two of them.

[0045] Preferably, the green light emitting unit and the red
light emitting unit adopt a phosphorescent material, and the
blue light emitting unit adopts a fluorescent material.

[0046] Preferably, the OLED display panel has a red light
external quantum efficiency of 16% or more, a green light
external quantum efficiency of 16% or more, and a blue light
external quantum efliciency of 10% or more.

[0047] The exemplary material of the first electrode of the
present invention is anyone selected from the group con-
sisting of indium tin oxide, indium zinc oxide and tin
dioxide, or a combination of at least two of them.

[0048] The exemplary material of the second electrode of
the present invention is anyone selected from the group
consisting of magnesium, aluminum, silver, or a combina-
tion of at least two of them.

[0049] The exemplary material of the hole injection layer
of the present invention is anyone selected from the group
consisting of
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or a combination of at least two of them.
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[0050] The exemplary material of the electron transport-
ing layer is anyone selected from the group consisting of

BPhen ( ),

TPBi ( ),

or a combination of at least two of them.

[0051] In a specific embodiment, the OLED display panel
(shown in FIG. 1 for a schematic cross-sectional structure
view of the OLED display panel) of the present invention
comprises a first electrode 102, and a first hole transporting
layer 103, a second hole transporting layer, and an electron
transporting layer 106 stacked sequentially on the first
electrode 102, and a second electrode 105 formed thereon.
[0052] The second hole transporting layer includes a red
light independent hole transporting unit 1093, a green light
independent hole transporting unit 1092, and a blue light
independent hole transporting unit 1091; wherein a red light
emitting unit 1043 is provided on the red light independent
hole transporting unit 1093, a green light emitting unit 1042
is provided on the green light independent hole transporting
unit 1092, and a blue light emitting unit 1041 is provided on
the blue light independent hole transporting unit 1091.
[0053] The material of the electron transporting layer 106
fills the gaps between the adjacent light emitting units.
[0054] In another specific embodiment, the OLED display
panel (shown in FIG. 2 for a schematic cross-sectional
structure view of the OLED display panel) of the present
invention comprises a first electrode 202, and a first hole
transporting layer 203, a second hole transporting layer, and
an electron transporting layer 206 stacked sequentially on
the first electrode 202, and a second electrode 205 formed
thereon.

[0055] The second hole transporting layer includes a red
light independent hole transporting unit 2093, a green light



US 2017/0317308 A1l

independent hole transporting unit 2092, and a blue light
independent hole transporting unit 2091; wherein a red light
emitting unit 2043 is provided on the red light independent
hole transporting unit 2093, a green light emitting unit 2042
is provided on the green light independent hole transporting
unit 2092, and a blue light emitting unit 2041 is provided on
the blue light independent hole transporting unit 2091; the
materials of the red light independent hole transporting unit
2093, the green light independent hole transporting unit
2092 and the blue light independent hole transporting unit
2091 are all the same as that of the first hole transporting
layer 203.

[0056] The material of the electron transporting layer 206
fills the gaps between the adjacent light emitting units.
[0057] In yet another specific embodiment, the OLED
display panel (shown in FIG. 3 for a schematic cross-
sectional structure view of the OLED display panel) of the
present invention comprises a first electrode 302, and a first
hole transporting layer 303, a second hole transporting layer,
and an electron transporting layer 306 stacked sequentially
on the first electrode 302, and a second electrode 305 formed
thereon.

[0058] The second hole transporting layer includes a red
light independent hole transporting unit 3093 and a green
light independent hole transporting unit 3092; wherein a red
light emitting unit 3043 is provided on the red light inde-
pendent hole transporting unit 3093, a green light emitting
unit 3042 is provided on the green light independent hole
transporting unit 3092.

[0059] The material of the electron transporting layer fills
the gaps between the adjacent light emitting units.

[0060] Compared to the OLED device shown in FIG. 2,
the thickness of the blue light independent hole transporting
unit is zero.

[0061] Those skilled in the art shall know that the OLED
display panels listed in the present invention are not capable
of exemplifying all of the structures, and those skilled in the
art can also design the display panel according to actual
situations. For example, those skilled in the art can set up
different thicknesses to the hole transporting layers corre-
sponding to the red light emitting unit, the blue light
emitting unit and the green light emitting unit, so as to
satisfy the microcavity effect produced by the light emitting
units of different colors. Those skilled in the art can also
provide an exclusive transporting layer between the light
emitting unit and the common hole transporting layer. For
example, a red light-hole transporting unit is provided
between the luminescent material of the red light emitting
unit and the common hole transporting layer, a green
light-hole transporting unit is provided between the lumi-
nescent material of the green light emitting unit and the
common hole transporting layer, and a blue light-hole
transporting unit is provided between the luminescent mate-
rial of the blue light emitting unit and the common hole
transporting layer. Those skilled in the art can also set a
buffer layer in the OLED device to reflect the light emitted
by the light emitting unit to the first electrode, and also a cap
layer to improve efficiency of the device.

[0062] Illustratively, the OLED device may also have the
structure of FIG. 4. Specifically, the OLED device comprises
a first electrode 402, and a buffer layer 407, a first hole
transporting layer 403, a second hole transporting layer (a
red light independent hole transporting layer 4093, a green
light independent hole transporting layer 4092 and a blue
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light independent hole transporting layer 4091), and an
electron transporting layer 406 stacked sequentially on the
first electrode 402, a second electrode 405 formed thereon,
and a cap layer 408 overlying the second electrode 405. A
red light emitting unit 4043 is also provided on the red light
independent hole transporting layer 4093 of the second hole
transporting layer. A green light emitting unit 4042 is also
provided on the green light independent hole transporting
layer 4092 of the second hole transporting layer. A blue light
emitting unit 4041 is also provided on the blue light inde-
pendent hole transporting layer 4091 of the second hole
transporting layer. The electron transporting layer 406 cov-
ers the blue light emitting unit 4041, the green light emitting
unit 4042 and the red light emitting unit 4043, and the gaps
between the blue light emitting unit 4041, the green light
emitting unit 4042 and the red light emitting unit 4043.

[0063] Inaspecific embodiment, the stacked layers further
comprise anyone of a hole injection layer, an electron
transporting layer, and an electron injection layer, or a
combination of at least two of them.

[0064] In a specific embodiment, the first electrode is
anode and the second electrode is cathode.

[0065] The present invention also provides an electronic
device comprising the OLED display panel as previously
described.

[0066] The compounds of the present invention having a
structure represented by formula (I) can be synthesized by
the prior art, for example:

Ls
\
L, L NI
\ Br—1,—Br \ L/
NH | ., N—L—Br 4 ,
/  Pd(OA,); NaOtBu Pd(0A,); NaOtBu

P(tBu); 110° P(tBu); 110°

L3 L4
\
N—L,—N
/ \
L2 Ls

[0067] WhenL, and [ are the same, and [, and I, are the
same, the preparation process can be simplified as:

L3 L3 Ly
\ Br—L,—Br \ /
N _— T~ . N—L—N

L/ Pd(OA,)» NaOtBu
2 P(tBu); 110° L3 Lz,
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SYNTHESIS EXAMPLE 1

[0068]

>
©

ON Br

e
g

A

Br

Pd(OA),
NaOtBu
P{tBu);
110°C.

—_

~ P

OO

[0069] To a 500 mL three-necked flask were added 5 g
(13.8 mmol) of an intermediate 1, 2.3 g (6.9 mmol) of an
intermediate 2, 30.9 mg (0.138 mmol) of palladium acetate
and 1.1 g (13.9 mmol) of sodium t-butoxide. The flask was
filled with nitrogen; 100 mL of dehydrated toluene and 0.12
mL (0.276 mmol) of tri-tert-butylphosphine were added to
the flask. The mixture was placed in an oil bath and slowly
heated to 110° C. for 8 hours and allowed to stand overnight.
The resulted solid was dissolved in dichloromethane,
washed with 300 mL of saturated brine, and the organic
layer was dried with magnesium sulfate. Recrystallization
was made by using a mixed solvent of toluene and ethanol
to give 4.3g (5.0 mmol) of a target compound with a yield
of 72%. Mass spectrometry M/7Z=900.6 was obtained by
LC-MS.

g
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SYNTHESIS EXAMPLE 2
[0070]

v

Pd(OA)
NaOtBu
P(tBu);
3

c_

N

[0071] To a 500 mL three-necked flask were added 5 g
(14.3 mmol) of an intermediate 3, 2.3 g (6.9 mmol) of an
intermediate 2, 30.9 mg (0.138 mmol) of palladium acetate
and 1.1 g (13.9 mmol) of sodium t-butoxide. The flask was
filled with nitrogen; 100 mL of dehydrated toluene and 0.12
mL (0.276 mmol) of tri-tert-butylphosphine were added to
the flask. The mixture was placed in an oil bath and slowly
heated to 110° C. for 8 hours and allowed to stand overnight.
The resulted solid was dissolved in dichloromethane,
washed with 300 mL of saturated brine, and the organic
layer was dried with magnesium sulfate. Recrystallization
was made by using a mixed solvent of toluene and ethanol
to give 4.5 g (5.17 mmol) of a target compound with a yield
of 75%. Mass spectrometry M/Z=876.5 was obtained by
LC-MS.

3

—_
—
<

o

g

S0

EXAMPLE 1

[0072] An OLED display panel having the structure
shown in FIG. 4 was prepared by the following process.
[0073] On the substrate of glass material, a reflective silver
anode of 100 nm was formed, and then an ITO film layer
was deposited at a film thickness of 15 nm to obtain a first
electrode 402 as an anode. Then a mixed material of

NC CN

NC CN and
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-continued
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-continued

Oy o

was evaporated at an evaporation rate ratio of 95:5 to form

. - . an emission red light emitting unit 4043; 40 nm of
was evaporated as a buffer layer, wherein the mixing ratio

was 5:95 (by weight). Thereafter,
- atats
o U ok

ava
& h

{ &

\ 3

Oy

was vacuum-evaporated by using a fine metal mask to form ¢ evaporated at an evaporation rate ratio of 9:1 to form an
films having thicknesses of 210 nm, 170 nm and 130 nm emission green light emitting unit 4042; 30 nm of
respectively on red light, green light and blue light pixels, so
as to give a hole transporting layer (including a first hole
transporting layer 403, and a second hole transporting layer
4091, 4092, and 4093) having a hole mobility rate of 2x10™*
em?/V-S and a solubility in NMP of 15 g/L. 40 nm of

~ . Q Q

N

Q O a.nd

S
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12
was evaporated at an evaporation rate ratio of 95:5 to form EXAMPLE 3
an emission blue light emitting unit 4041; an evaporation
material of [0075] 1t is different from Example 1 that the material of

the hole transporting layer was replaced with

m qu ’fo
;“ O~ i
which has a hole mobility rate of 2.5x10™* cm*'V-S and a
solubility in NMP of 12 g/L.
(0]
L EXAMPLE 4

[0076] It is different from Example 1 that the material of
was co-evaporated at an evaporation rate ratio of 1:1 to form the hole transporting layer was replaced with
an electron transporting layer 406 having a thickness of 30
nm, and then form a magnesium-silver alloy (having a mass
ratio of silver to magnesium of 9:1) having a thickness of 15
nm as the second electron 405. 60 nm of a cap layer 408
8-hydroxyquinoline aluminum was evaporated, and then
covered with protective glass sheets.

EXAMPLE 2

[0074] Tt is different from Example 1 that the material of
the hole transporting layer was replaced with

which has a hole mobility rate of 2.4x10™* cm*/V-S and a
solubility in NMP of 12 g/L.

EXAMPLE 5

which has a hole mobility rate of 1.2x10™* ¢cm*/V-S and a [0077] It is different from Example 1 that the material of
solubility in NMP of 25 g/L. the hole transporting layer was replaced with
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which has a hole mobility rate of 5 x10™* cm?/V-S and a
solubility in NMP of 30 g/L..

EXAMPLE 8

[0080] It is different from Example 1 that the material of
the hole transporting layer was replaced with

~ P

Yo A
®
9
O“ ‘CO

which has a hole mobility rate of 3.5x107* ¢cm*/V-S and a
solubility in NMP of 22 g/L.

)
Q’
(O~ )
3K
)

which has a hole mobility rate of 4x10™* cm*/V-S and a
solubility in NMP of 35 ¢/L.

Z

EXAMPLE 6

[0078] It is different from Example 1 that the material of
the hole transporting layer was replaced with

EXAMPLE 9

[0081] It is different from Example 1 that the material of
the hole transporting layer was replaced with

o o
A
S
o P

which has a hole mobility rate of 3x10~* cm?/V-S and a
solubility in NMP of 28 g/L.
EXAMPLE 7

[0079] Tt is different from Example 1 that the material of
the hole transporting layer was replaced with

(L

]
o o

Sa o™

&
<

& Qe

which has a hole mobility rate of 4x10™* cm?/V'S and a
solubility in NMP of 35 g/L.

SeeVent

EXAMPLE 10

[0082] Tt is different from Example 1 that the material of
the hole transporting layer was replaced with
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which has a hole mobility rate of 1.9x10™* cm*V-S and a
solubility in NMP of 21 g/L..

COMPARATIVE EXAMPLE 1

[0085] It is different from Example 1 that the material of
the hole transporting layer was replaced with

()
O
S

which has a hole mobility rate of 2.1 x10™* cm*/V-S and a
solubility in NMP of 19 g/L.

7 P

Oy o

e

O

O which has a hole mobility rate of 3x10™* cm?*/V-S and a
solubility in NMP of 1.2 g/L.
COMPARATIVE EXAMPLE 2

[0086] It is different from Example 1 that the material of
the hole transporting layer was replaced with

EXAMPLE 11

[0083] It is different from Example 1 that the material of
the hole transporting layer was replaced with

~a o

)

>

o o™
>
&

which has a hole mobility rate of 1.8x10~* cm*V-S and a
solubility in NMP of 15 g/L.

EXAMPLE 12

[0084] Tt is different from Example 1 that the material of
the hole transporting layer was replaced with

S
;i
500

Q Q N which has a hole mobility rate of 3.2x10™* cm*/V-S and a

solubility in NMP of 5.2 g/L.

. : COMPARATIVE EXAMPLE 3

O‘
&

[0087] Tt is different from Example 1 that the material of
the hole transporting layer was replaced with
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which has a hole mobility rate of 7x10™> cm®/V-S and a
solubility in NMP of 2.5 g/L..

COMPARATIVE EXAMPLE 4

[0088] It is different from Example 1 that the material of
the hole transporting layer was replaced with

O-O0+-05-0-0
O O

which has a hole mobility rate of 2x10™* cm?/V-S and a
solubility in NMP of 2.2 g/L.

Performance Tests

[0089] Performance tests of the OLED display panels in
the Examples and Comparative Examples were carried out.
[0090] (1) Device voltage test method: the program being
transferred to the B screen, testing the voltage of the blue
light at 10 mA/cm?;

[0091] (2) Crosstalk test method: the program being trans-
ferred to the B screen in a dark room, testing the intensity
ratio of the green light of adjacent pixels when the blue light
intensity was 0.1 Cd/m?, L;,,.../Ls
[0092] (3) Mask cleamng effect:
[0093] the time required for all the materials on the MASK
of the red light of the hole transporting layer 203 to be
completely cleaned at a fixed ultrasonic frequency of 40 kHz
and at a temperature of 25° C

Jues

[0094] Test results can be seen in Table 1.
TABLE 1
Mask
Device voltage Lg,eon/Lane cleaning time
Example 1 102% 1.9% 20s
Example 2 108% 2.1% 15s
Example 3 102% 1.7% 20s

15
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TABLE 1-continued
Mask
Device voltage Lg,pp/Lan. cleaning time
Example 4 102% 1.7% 20s
Example 5 98% 1.9% 35
Example 6 101% 1.5 25
Example 7 96% 3.1% 25
Example & 98% 2.7% 25
Example 9 98% 1.8% 30s
Example 10 106% 2.1% 258
Example 11 105% 1.3% 258
Example 12 102% 1.3% 23 s
Comparative Example 1 100% 1.5% 80 s
Comparative Example 2 100% 1.8% 60 s
Comparative Example 3 106% 1.0% 58 s
Comparative Example 4 103% 1.7% 65 s

[0095] The applicant stated that the present invention
illustrates the detailed process equipment and process flow
by the above-described examples, but the present invention
is not limited to the above-described detailed process equip-
ment and process flow. That is to say, it does not mean that
the present invention cannot be carried out unless the
above-described detailed process equipment and process
flow are used. Those skilled in the art shall know that any
improvements to the present invention, equivalent replace-
ments of the raw materials of the present invention, addition
of auxiliary ingredients, selection of specific means and the
like all fall within the protection and disclosure scope of the
present invention.

What is claimed is:
1. An OLED display panel, comprising:
a first electrode, a first hole transporting layer, a second

hole transporting layer, an electron transporting layer
and a second electrode stacked in sequence;

at least two light emitting units disposed between the
second hole transporting layer and the electron trans-
porting layer, wherein a material of the electron trans-
porting layer fills a gap between adjacent light emitting
units;

wherein the first hole transporting layer comprises a hole
transporting material with a hole mobility in a range of
9x107° 10 5x10~* cm*/V-S; and

wherein the hole transporting material has a solubility of
10 g/L. or more in a cleaning solvent at 25° C. during
cleaning.

2. The OLED display panel of claim 1, wherein the
cleaning solvent is anyone selected from the group consist-
ing of N-methylpyrrolidone, cyclohexanone, substituted or
unsubstituted furan, and isopropanol, and a mixture of at
least two of them.

3. The OLED display panel of claim 1, wherein the
second hole transporting layer comprises at least two inde-
pendent hole transporting units, wherein the independent
hole transporting units are provided between the first hole
transporting layer and the light emitting units.

4. The OLED display panel of claim 3, one of the two
independent hole transporting units is disposed between one
of the two light emitting units and the first hole transporting
layer.

5. The OLED display panel of claim 3, wherein each hole
transporting unit is independently selected to be the same as
or different from the first hole transporting layer.
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6. The OLED display panel of claim 1, wherein the hole
transporting material has a structure of formula (I):

L; Ly
\
N—IL,—N
/ \
L, Ls

formula (I);

wherein Li is selected from the group consisting of
biphenylene containing substituent(s), substituted or
unsubstituted fluorenylidene, and substituted or unsub-
stituted

wherein X, and X, are substituents;

wherein the two benzene rings in substituted or unsub-
stituted fluorenylidene are connected with the two
nitrogen atoms in formula (I) respectively; wherein the
two benzene rings in biphenylene containing substitu-
ent(s) are connected with the two nitrogen atoms in
formula (I) respectively;

wherein the two benzene rings in substituted or unsub-
stituted

are connected with the two nitrogen atoms in formula (I)
respectively;

L,,L;, L, and L, are each independently selected from the
group consisting of substituted and unsubstituted aro-
matic groups.

7. The OLED display panel of claim 6, wherein the
substituent of biphenylene containing substituent(s) includes
anyone selected from the group consisting of linear chain or
branched chain alkyl of C1-C35, and linear chain or branched
chain alkoxy of C1-C5.

8. The OLED display panel of claim 6, characterized in
that I, is anyone selected from the group consisting of

Nov. 2, 2017

and a combination of at least two of them, wherein R, R,,
R;, Ry, Ry, Ry, R, Ry, Ry, and R are each independently
selected from the group consisting of hydrogen atom, deu-
terium atom, linear chain or branched chain alkyl of C1-C5,
and linear chain or branched chain alkoxy of C1-C5,
wherein R and R cannot be both hydrogen atoms or both
deuterium atomnis.

9. The OLED display panel of claim 6 wherein L,, L5, L,
and L, are each independently selected from the group
consisting of substituted or unsubstituted phenyl, substituted
or unsubstituted biphenyl, substituted or unsubstituted fused
ring group, substituted or unsubstituted heteroaromatic ring
group, and a combination of at least two of them.

10. The OLED display panel of claim 6, wherein L,, L,
L, and L, are each independently selected from the group
consisting of
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-continued -continued

Oy 4
4

N

and a combination of at least two of them, wherein R'|, R',,
R';, R4, R's, R'g, R'7, R'g, R, R0, R';1, R'y 5, and R', 5 each
is independently selected from the group consisting of
hydrogen atom, deuterium atom, linear chain or branched
chain alkyl of C1-C5, and linear chain or branched chain
alkoxy of C1-C5.

11. The OLED display panel of claim 6, wherein the hole
transporting material includes anyone of

gy

.
s

toadiae
S
Y

o P

"Ogy
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-continued -continued

Boof £°7%

3 QP
bagd
48
Ssef, 3ok

and a combination of at least two of them.
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12. The OLED display panel of claim 1, wherein a
thickness of the first hole transporting layer is in the range
of 600-2300 A.

13. The OLED display panel of claim 1, wherein the first
hole transporting layer is doped with a P-type organic
material in the hole transporting material.

14. The OLED display panel of claim 13, wherein the
p-type organic material has a doping ratio of 1 to 10 wt %
in the first hole transporting layer.

15. The OLED display panel of claim 1, wherein the at
least two light emitting units are selected from the group
consisting of'a blue light emitting unit, a green light emitting
unit and a red light emitting unit, or a combination of at least
two of them.

16. The OLED display panel of claim 15, wherein the
green light emitting unit and the red light emitting unit each
comprises a phosphorescent material, and wherein the blue
light emitting unit comprises a fluorescent material.

17. The OLED display panel of claim 15, wherein the
OLED display panel has a red light external quantum

Nov. 2, 2017

efficiency of 16% or more, a green light external quantum
efficiency of 16% or more, and a blue light external quantum
efficiency of 10% or more.

18. The OLED display panel of claim 1, wherein the
second hole transporting layer comprises a red light inde-
pendent hole transporting unit, a blue light independent hole
transporting unit, and a green light independent hole trans-
porting unit, wherein a red light emitting unit is provided on
the red light independent hole transporting unit, a green light
emitting unit is provided on the green light independent hole
transporting unit, and a blue light emitting unit is provided
on the blue light independent hole transporting unit.

19. The OLED display panel of claim 18, wherein the red
light independent hole transporting unit, the green light
independent hole transporting unit and the blue light inde-
pendent hole transporting unit are disposed on the first hole
transporting layer.

20. The OLED display panel of claim 1, wherein the first
electrode is anode and the second electrode is cathode.

21. An electronic device comprising the OLED display
panel of claim 1.
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