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Abstract: Blue phosphorescent organic light-emitting diodes ( PHOLEDs) which utilized TcTa and CzSi as the
mixed-host were fabricated to improve the efficiency by solution-processed method. Additionally, three electron trans-
port materials Tm3PyP26PyB, TmPyPB and TPBi were employed to further enhance the efficiency of devices. The

efficiency was improved by optimizing the ratio of host materials and the selection of electron transport material. Finally,
the optimal device with the doping ratio TcTa∶ CzSi of 6 ∶ 1 and 70 nm TPBi layer exhibited the maximum brightness
(Bmax), current efficiency(CEmax), power efficiency(PEmax) and external quantum efficiency(EQEmax) of 6 662 cd·

m - 2, 39. 40 cd·A - 1 , 23. 33 lm·W - 1 and 19. 7% , respectively. Moreover, outstanding current efficiency and
external quantum efficiency as high as 33. 43 cd·A - 1 and 16. 7% , respectively, were obtained, even at the practi-
cal brightness of 1 000 cd·m - 2 .
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基于混合主体结构的溶液法制备的
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王　 哲1,2, 武瑞霞1, 冯　 洋1, 刘　 华2∗, 周　 亮1∗

(1. 中国科学院长春应用化学研究所 稀土资源利用国家重点实验室, 吉林 长春 　 130022;

2. 东北师范大学 先进光电子功能材料研究中心, 紫外光发射材料与技术教育部重点实验室, 吉林 长春 　 130024)

摘要: 为了提高蓝色有机发光二极管的效率,本文借助溶液法采用 TcTa 和 CzSi 混合主体,制备了蓝色磷光有

机发光二极管(PHOLEDs)。 此外,针对三种电子传输材料 Tm3PyP26PyB、TmPyPB 和 TPBi 进行了优选,以进一

步优化器件的效率。 本文通过优化混合主体材料的掺杂比例和电子传输材料的选择,不断提高器件的效率。 最

终,当 TcTa∶ CzSi 的掺杂比为6 ∶ 1、电子传输层 TPBi 为 70 nm 时器件性能最优,其最大亮度(Bmax )、电流效率

(CEmax)、功率效率( PEmax )和外量子效率(EQEmax )分别为 6 662 cd·m - 2 、39. 40 cd·A - 1 、23. 33 lm·W - 1 和

19. 7% 。 此外,即使在 1 000 cd·m - 2的实际亮度下,电流效率和外量子效率仍高达 33. 43 cd·A - 1和 16. 7% 。
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1　 Introduction
Organic light-emitting diodes( OLEDs) are the

most promising new display and lighting technology
owing to their unique advantages of thinness, quick
response, high contrast ratio, energy efficiency and
being used in flexible electrical appliances[1-3] . It is
widely used in smart phone displays, TV screens
and computer monitors, etc. However, due to the
limitation in vacuum thermal evaporation technology,
OLEDs have encountered great difficulties in meeting
the requirements of low-cost and high-resolution for
large-size OLED devices. Therefore, solution-pro-
cessed OLEDs which have a variety of advantages,
such as low fabrication cost, easily scalable manu-
facturing and the potential in producing large-area
devices, have attracted great attention[4] . Conven-
tional OLEDs are typically composed of four or more
multiple layers of different materials, thus achieving
notable increase in efficiency and lifetime. However, it
is more difficult to construct so many layers in the
case of solution-processed method, because deposi-
ting one layer would dissolve its next layer[5] . Up to
now, the blue device still has the issue of low effi-
ciency. In this case, improving the efficiency of
blue devices fabricated by solution-processed method
becomes more challenging[6] .

In recent years, significant improvement has
been achieved regarding to solution-processed
OLEDs[7-9] . The mixed-host structure has been pro-
posed and its superior advantages in reducing layer
structure and improving device performance has been
demonstrated. The mixed-host structure used in so-
lution-processed OLEDs is more beneficial for bal-
ance the carriers and broaden the recombination zone
than the single-host. Chen et al. fabricated blue
OLEDs using electron-type host material 2, 7-bis
( diphenylphosphoyl-9, 9′-spinodimer [ fluorene ]
(SPPO13) and hole-type host material 4,4′,4″-tris
(9-carbazolyl) triphenylamine(TcTa) [10] . The lumi-
nous efficiency and efficiency roll-off of devices were
significantly enhanced and improved by exploiting
mixed-host structure than single-host structure.
Finally, the optimal device with the doping ratio

SPPO13∶ TcTa of 6 ∶ 3 demonstrated the CEmax of
34. 3 cd·A - 1 and EQEmax of 15. 2% . Kumar et al.
selected poly(N-vinylcarbazole)(PVK) and 1,3-bis
(N-carbazolyl) benzene(mCP) as host materials for
efficient red-orange TADF solution-processed
OLEDs. The efficiency, lifetime and stability of de-
vices were notable improved by reducing the self-ag-
gregation of TADF emitters. Finally, the optimal de-
vice realized the EQEmax of 9. 75% , CEmax of 19. 36
cd·A - 1 and PEmax of 12. 17 lm·W - 1 by using the
mixed-host structure[11] . In addition, the transmis-
sion characteristics of the host materials and the
well-matched energy levels between the functional
layers are also important factors for the optoelectronic
performance of devices.

In this paper, a series of blue phosphorescent
devices which utilized iridium ( Ⅲ) [ bis ( 4, 6-di-
fuorophenyl) pyridinato-N, C2 ’] picolinate ( FIrpic)
as emitter were fabricated to enhance device per-
formances by constructing mixed-host structure con-
sist of TcTa and 9-(4-tert-Butylphenyl) -3,6-bis( tri-
phenylsilyl) -9H-carbazole( CzSi) . In addition, the
selection of electron transport material was optimized
to further improve the efficiency of blue phosphores-
cent devices. The optimal device displayed the
Bmax, EQEmax, CEmax and PEmax up to 6 662 cd·
m - 2, 19. 7% , 39. 40 cd·A - 1 and 23. 33 lm·W - 1,
respectively. Even at the practical brightness of
1 000 cd · m - 2, current efficiency and external
quantum efficiency reach up to 33. 43 cd·A - 1 and
16. 7% , respectively, can still be maintained. The
high efficiency blue OLEDs with mixed-host struc-
ture have been achieved by selecting appropriate
host and electron transport material.

2　 Experiments
All organic materials and solvents were obtained

commercially and used as received without further
purification. Indium-tin-oxide ( ITO ) coated glass
with a sheet resistance of 10 Ω·□ - 1 was used as
the anode. The ITO glass substrates were cleaned
with detergent and de-ionized water and finally dried
in an oven before preparing the devices. After that,
ITO substrates were treated with UV-ozone for 20
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min. Poly (3,4-ethylenedioxythiophene) ∶ poly ( sty-
rene sulfonate) ( PEDOT ∶ PSS) was spin-coated on
ITO substrates at 3 000 r / min for 60 s and annealed
at 120 ℃ for 20 min. Afterward, the samples were
moved into the glove box. The luminescent and host
materials were dissolved in chlorobenzene solution at
4 mg·mL - 1 and 10 mg·mL - 1, respectively. After
the solutions of luminescent material and host mate-
rials were prepared in proportion, they were dropped
on the ITO substrate. The light-emitting layer
( EML) was spin-coated at 3 000 r / min for 30 s and
annealed at 70 ℃ for 30 min. And then, electron
transport layer(ETL) was deposited with the rate of
0. 1 nm·s - 1 under vacuum(≤ 3. 0 × 10 - 5 Pa) .
LiF and Al were deposited in another vacuum cham-
ber(≤ 8. 0 × 10 - 5 Pa) at 0. 01 and 1. 0 nm·s - 1,
respectively. The current density-voltage-brightness
( J-V-B) characteristics of devices were measured
by using a programmable Keithley source measure-
ment unit( Keithley 2400 and Keithley 2000) with
a silicon photodiode. The EL and photolumines-
cence( PL) spectra were measured by using a cali-
brated Hitachi F-7000 fluorescence spectrophoto-
meter. 　

3　 Results and Discussion
3. 1　 Optimization of Doping Ratio of Host Ma-

terials
Fig. 1 shows the energy level diagrams of de-

vices and molecular structures of materials used in

these devices. PEDOT∶ PSS was used as hole injec-
tion and transport material. FIrpic was selected as
the luminescent material since it is one of the most
commonly used blue phosphorescent material. The
energy level of host materials should be higher than
that of FIrpic(ET = 2. 62 eV) as far as possible to
prevent the energy transfer from guest to host[12-13] .
In this case, CzSi and TcTa were employed as the
host materials. CzSi(ET = 3. 02 eV) has a high trip-
let energy level, which enables effective energy
transfer from host to guest and reduces energy loss
during the transfer process. Simultaneously, TcTa
has excellent hole transport capability, which can
compensate the deficiency of solution-processed de-
vices in hole transport. Therefore, the designed Tc-
Ta and CzSi mixed-host structure can effectively bal-
ance the charge within the EML. In this part of ex-
periment, 1,3,5-tris ( 6-(3-( pyridin-3-yl) phenyl)
pyridin-2-yl) (Tm3PyP26PyB) was chosen as elec-
tron transport material due to its excellent electron
transport properties. Moreover, LiF and Al were uti-
lized as electron injection material ( EIL ) and the
cathode, respectively. To determine the optimal do-
ping concentration of FIrpic, a series of devices with
structure of ITO / PEDOT ∶ PSS / FIrpic ( x% ) ∶ CzSi /
Tm3PyP26PyB(60 nm) / LiF (1 nm) / Al(100 nm)
were first fabricated and then measured. The 14%
doped EML device exhibited CEmax, PEmax, Bmax and
EQEmax up to 10. 26 cd· A - 1, 4. 68 lm · W - 1,
4 163 cd·m - 2 and 5. 6% , respectively. Subsequently,

Fig. 1　 Energy levels diagram of the devices used in this work and the molecular structures of FIrpic, CzSi, TcTa, PEDOT∶ PSS,
Tm3PyP26PyB, TmPyPB, TPBi and DPEPO.
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we introduced TcTa as mixed-host together with CzSi
based on the above device architecture to investigate
the device performances in mixed-host structure.

Figs. 2 ( a) - ( c) depict current density-volt-
age-brightness ( J-V-B) characteristics, the current
efficiency-current density ( η c -J) characteristics and
current efficiency-brightness-power efficiency( η c -B-
ηp) characteristics of devices with different doping
ratios of TcTa∶ CzSi, respectively. With the increase
in the proportion of TcTa, the current density and
current efficiency of devices gradually increased.
Moreover, the efficiency of different doping ratios
varied little with brightness. Generally, the devices
with PEDOT∶ PSS lack holes within EML due to the
large energy gap of hole injection and the high elec-
tron mobility of Tm3PyP26PyB, which cause the un-

balanced carriers’ distribution and the annihilation of
excitons. In addition, electrons can transit directly to
the guest molecules because of the same lowest
unoccupied molecular orbital( LUMO) levels of
Tm3PyP26PyB and FIrpic. Obviously, the recombi-
nation zone is near the interface between PEDOT ∶
PSS layer and EML. Fig. 2(d) shows the PL spectra
and absorption spectra. The peaks of the PL spectra
of TcTa, CzSi and TcTa ∶ CzSi were at around 395,
375, 389 nm, respectively. The TcTa∶ CzSi mixed-
host exhibited combined emission of TcTa and CzSi.
Therefore, the mixed-host could combine the ad-
vantages of the two host materials, which had a
good overlap with the absorption spectra of FIrpic,
and excitons can transfer from host to FIrpic. There-
fore, the hole injection and transport capabilities

Fig. 2　 ( a)Current density-voltage-brightness( J-V-B) characteristics of devices with different doping ratios of TcTa∶ CzSi. ( b)
Current efficiency-current density(η c -J) characteristics of devices with different doping ratios of TcTa∶ CzSi. ( c)Current
efficiency-brightness-power efficiency(η c -B-η p) characteristics of devices with different doping ratios of TcTa∶ CzSi. ( d)
Absorption spectra of FIrpic and PL spectra of TcTa, CzSi and TcTa∶ CzSi. ( e) Normalized EL spectra of devices with
different doping ratios of TcTa∶ CzSi operating at 10 mA·cm - 2 . Inset: Photograph of blue OLED. ( f) Current density-
voltage characteristics of single-hole devices.
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of the devices could be improved and the recombi-
nation zone should be broadened by increasing the
doping ratio of TcTa. When the doping ratio of
TcTa∶ CzSi was 6 ∶ 1 , the device ( device A )
achieved the CE max, PE max, B max and EQE max up to

15 . 23 cd·A - 1 , 10 . 32 lm·W - 1 , 9 639 cd·
m - 2 and 7 . 6% , respectively ( see Tab. 1 ) .
Consequently, the mixed-host devices exhibit
higher performances compared with single-host
devices.

Tab. 1　 Key properties of devices with different doping ratios of TcTa∶ CzSi

Device V turn-on / V
B a /

( cd·m - 2 )

η c
b /

( cd·A - 1 ) (EQE c)

η p
d /

( lm·W - 1 )

η c
e / ( cd·A - 1 )

(EQE f)(1 000 cd·m - 2 )
CIE( x, y) g

3∶ 1 3. 0 9 914 9. 90(5. 1% ) 7. 45 9. 67(5. 0% ) (0. 163, 0. 310)

4∶ 1 3. 1 10 295 11. 80(6. 0% ) 9. 08 11. 01(5. 6% ) (0. 159, 0. 307)

5∶ 1 3. 2 10 795 12. 72(6. 7% ) 10. 05 11. 83(6. 2% ) (0. 158, 0. 302)

6∶ 1 3. 3 9 639 15. 23(7. 6% ) 10. 32 13. 43(6. 7% ) (0. 154, 0. 299)

7∶ 1 3. 3 9 824 10. 68(5. 2% ) 8. 22 10. 24(5. 0% ) (0. 156, 0. 298)

a The data for maximum brightness(B) , b Maximum current efficiency(η c ) , c Maximum external quantum efficiency(EQE), d Maximum power

efficiency(ηp ) , e Current efficiency(η c ) at the certain brightness of 1 000 cd·m - 2 , f External quantum efficiency(EQE) at the certain bright-

ness of 1 000 cd·m - 2 , g Commission Internationale de LEclairage coordinates(CIE( x, y) ) at 10 mA·cm - 2 .

Meanwhile, the characteristic emission peak
and shoulder peak of FIrpic were observed at around
470 nm and 500 nm, respectively, as depicted in
Fig. 2( e) [14-16] . Furthermore, the curve progression
is very similar and there is no obvious shift in the
spectra, which illustrates the stability of the de-
vices. The host emission could not be found in the
spectra, indicating that the energy transfer was al-
most complete between host and guest.

To better illustrate the mixed-host structure en-
hanced the hole transport ability and thus increased
the device efficiency, we fabricated a series of sin-
gle-hole devices with the structure of ITO / PEDOT∶
PSS / TcTa / HAT-CN(10 nm) / Al ( 100 nm), ITO /
PEDOT∶ PSS / CzSi / HAT-CN(10 nm) / Al(100 nm)
and ITO / PEDOT ∶ PSS / TcTa ∶ CzSi (6 ∶ 1 ) / HAT-CN
(10 nm) / Al(100 nm) . As shown in Fig. 2 ( f), it
can be clearly seen that the current density of the
mixed-host device was higher than that of the single-
host devices. It indicated that the mixed-host struc-
ture improved the hole transport ability and made the
carriers more balanced, improving device efficiency.
3. 2　 Selection of Electron Transport Material

To further improve the EL performances of FIr-
pic, we optimized the selection of electron transport
material, which is a significant factor besides the do-
ping ratio of host materials. 1,3,5-tri(m-pyrid-3-yl-

phenyl) benzene ( TmPyPB) and 2,2′,2″-(1,3,5 -
benzinetriyl) -tris ( 1 -phenyl-1 -H -benzimidazole )
( TPBi), which have lower electron mobility than
that of Tm3PyP26PyB, were selected as the electron
transport materials. A series of devices with the
structure of ITO / PEDOT ∶ PSS / TcTa ∶ CzSi (6 ∶ 1 ) ∶
FIrpic ( 14% ) / TmPyPB ( Y nm ) / LiF ( 1 nm ) / Al
(100 nm) and another series of devices with the
structure of ITO / PEDOT ∶ PSS / TcTa ∶ CzSi ( 6 ∶ 1 ) ∶
FIrpic(14% ) / DPEPO(10 nm) / TPBi( Z nm) / LiF
(1 nm) / Al(100 nm) were fabricated and examined
by modulating the thickness of the ETL. The elec-
tron mobility of TPBi is the lowest among three elec-
tron transport materials, which means the slow elec-
trons transport towards EML and causes the shift of
recombination zone towards cathode. Therefore, to
prevent the transfer of holes into ETL, bis [2-( di-
phenylphosphino ) phenyl ] ether oxide ( DPEPO )
layer was inserted as hole block layer(HBL) .

Current density-voltage-brightness and current
efficiency-current density characteristics of Tm3Py-
P26PyB based devices with different ETL thicknes-
ses are depicted in Figs. 3( a) and 3(b) . The turn-
on voltage increased gradually and the current den-
sity decreased gradually with increasing thickness of
Tm3PyP26PyB layer. Obviously, increased thick-
ness of ETL can hinder the transportation of
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electrons, resulting in increased turn-on voltage and
decreased current density. As shown from Fig.
3( c) , the roll-off of efficiency tended to slow down
with the increasing thickness, but the overall device

performance was the best at 60 nm in Tab. 2 . Fi-
nally, the device with 60 nm ETL( device A) ob-
tained the CEmax of 15 . 23 cd·A - 1 and EQEmax of
7 . 6% .

Tab. 2　 Key properties of devices with different thicknesses of Tm3PyP26PyB layer

Device /
nm

V turn-on /

V

B a /

( cd·m - 2 )

η c
b /

( cd·A - 1 ) (EQE c)

η p
d /

( lm·W - 1 )

η c
e / ( cd·A - 1 )

(EQE f)(1 000 cd·m - 2 )
CIE( x, y) g

40 2. 2 7 553 6. 70(3. 7% ) 5. 22 6. 45(3. 5% ) (0. 153, 0. 290)

50 3. 4 8 662 10. 00(5. 3% ) 7. 63 9. 33(5. 0% ) (0. 153, 0. 292)

60 3. 6 9 639 15. 23(7. 6% ) 10. 32 13. 43(6. 7% ) (0. 154, 0. 299)

70 3. 6 10 162 13. 17(6. 7% ) 9. 16 12. 57(6. 4% ) (0. 149, 0. 318)

80 4. 1 6 975 11. 79(5. 9% ) 6. 47 9. 93(5. 7% ) (0. 154, 0. 300)

a The data for maximum brightness(B) , b Maximum current efficiency(η c ) , c Maximum external quantum efficiency(EQE), d Maximum power

efficiency(ηp ) , e Current efficiency(η c ) at the certain brightness of 1 000 cd·m - 2 , f External quantum efficiency(EQE) at the certain bright-

ness of 1 000 cd·m - 2 , g Commission Internationale de LEclairage coordinates(CIE( x, y) ) at 10 mA·cm - 2 .

Fig. 3 　 ( a) Current density-voltage-brightness ( J-V-B) characteristics of devices with different thicknesses of Tm3PyP26PyB
layer. ( b)Current efficiency-current density(η c -J) characteristics of devices with different thicknesses of Tm3PyP26PyB
layer. ( c)Current efficiency-brightness-power efficiency( η c -B-η p ) characteristics of devices with different thicknesses
of Tm3PyP26PyB layer. ( d)Normalized EL spectra of devices with different thicknesses of Tm3PyP26PyB layer operat-

ing at 10 mA·cm - 2 .

Similarly, the same trend was found in TmPyPB
and TPBi based devices with different thicknesses of
ETL. The characteristics of TmPyPB layer with dif-
ferent thicknesses are shown in Figs. 4 ( a) - ( c) .
The characteristics of TPBi layer with different thick-
nesses are shown in Figs. 5( a) - (c) . Turn-on volt-
age and current efficiency increased gradually while

current density decreased gradually with increasing
thickness of ETL. Finally, the device with 70 nm
TmPyPB layer ( device B ) realized the CEmax and
EQEmax of 28. 44 cd·A - 1 and 14. 4% , respectively
( see Tab. 3 ) . The device with 70 nm TPBi layer
(device C) displayed the CEmax and EQEmax up to
39. 40 cd·A - 1 and 19. 7% , respectively(see Tab. 4).
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Tab. 3　 Key properties of devices with TmPyPB layer at different thicknesses

Device /
nm

V turn-on /

V

B a /

( cd·m - 2 )

η c
b /

( cd·A - 1 ) (EQE c)

η p
d /

( lm·W - 1 )

η c
e / ( cd·A - 1 )

(EQE f)(1 000 cd·m - 2 )
CIE( x, y) g

50 3. 7 8 992 21. 40(11. 9% ) 14. 00 20. 73(11. 5% ) (0. 149, 0. 282)

60 4. 1 8 919 25. 37(14. 2% ) 15. 62 24. 28(13. 6% ) (0. 148, 0. 282)

70 3. 9 9 907 28. 44(14. 4% ) 17. 17 27. 39(13. 9% ) (0. 150, 0. 333)

80 4. 1 7 277 27. 55(13. 0% ) 15. 44 25. 09(11. 8% ) (0. 157, 0. 362)

90 5. 0 4 057 30. 11(14. 8% ) 14. 58 20. 65(10. 1% ) (0. 154, 0. 358)

a The data for maximum brightness(B) , b Maximum current efficiency(η c ) , c Maximum external quantum efficiency(EQE), d Maximum power

efficiency(ηp ) , e Current efficiency(η c ) at the certain brightness of 1 000 cd·m - 2 , f External quantum efficiency(EQE) at the certain bright-

ness of 1 000 cd·m - 2 , g Commission Internationale de LEclairage coordinates(CIE( x, y) ) at 10 mA·cm - 2 .

Fig. 4　 ( a)Current density-voltage-brightness( J-V-B) characteristics of devices with TmPyPB layer at different thicknesses. ( b)
Current efficiency-current density(η c -J) characteristics of devices with TmPyPB layer at different thicknesses. ( c) Cur-
rent efficiency-brightness-power efficiency(η c -B-η p) characteristics of devices with TmPyPB layer at different thicknes-

ses. ( d)Normalized EL spectra of devices with TmPyPB layer at different thicknesses operating at 10 mA·cm - 2 .

Tab. 4　 Key properties of devices with TPBi layer at different thicknesses

Device /
nm

V turn-on /

V

B a /

( cd·m - 2 )

η c
b /

( cd·A - 1 ) (EQE c)

η p
d /

( lm·W - 1 )

η c
e / ( cd·A - 1 )

(EQE f)(1 000 cd·m - 2 )
CIE( x, y) g

50 4. 1 6 342 33. 34(18. 6% ) 20. 92 28. 48(15. 9% ) (0. 148, 0. 279)

60 4. 1 5 634 39. 23(21. 4% ) 25. 46 28. 56(15. 6% ) (0. 147, 0. 288)

70 4. 3 6 662 39. 40(19. 7% ) 23. 33 33. 43(16. 7% ) (0. 146, 0. 320)

80 4. 3 5 662 36. 03(16. 4% ) 18. 65 30. 65(14. 0% ) (0. 155, 0. 375)

90 4. 5 5 097 35. 53(15. 2% ) 18. 90 27. 64(11. 8% ) (0. 169, 0. 425)

a The data for maximum brightness(B) , b Maximum current efficiency(η c ) , c Maximum external quantum efficiency(EQE), d Maximum power

efficiency(ηp ) , e Current efficiency(η c ) at the certain brightness of 1 000 cd·m - 2 , f External quantum efficiency(EQE) at the certain bright-

ness of 1 000 cd·m - 2 , g Commission Internationale de LEclairage coordinates(CIE( x, y) ) at 10 mA·cm - 2 .
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Fig. 5　 ( a)Current density-voltage-brightness( J-V-B) characteristics of devices with TPBi layer at different thicknesses. ( b)
Current efficiency-current density(η c -J) characteristics of devices with TPBi layer at different thicknesses. ( c) Current
efficiency-brightness-power efficiency(η c -B-η p) characteristics of devices with TPBi layer at different thicknesses. ( d)

Normalized EL spectra of devices with TPBi layer at different thicknesses operating at 10 mA·cm - 2 .

Figs. 3 ( d), 4 ( d ) and 5 ( d ) show the EL
spectra of devices with Tm3PyP26PyB, TmPyPB and
TPBi as ETL, respectively. The emission peak loca-
ted at 470 nm with a shoulder at 500 nm. The
shoulder peaks tended to rise with the increasing
thickness of ETL. The shoulder peak at 500 nm is a
triplet induced shoulder emission which associated
with the characteristic features of FIrpic molecules.
The large change in the shoulder peaks is attributed
to the weak micro cavity effects raised from the var-
ied optical path of the photons[17] . With the change
of ETL thickness, the EL spectra were altered,
which may be ascribe to different micro-cavity effect
or the changed corresponding metal-to-ligand charge
transfer(MLCT) states within FIrpic molecules[18] .

Device C showed the highest efficiency among
the three devices. Compared with CzSi, the energy
barriers of the highest occupied molecular orbital
(HOMO) levels of Tm3PyP26PyB, TmPyPB and TP-
Bi were 0. 5, 0. 7, 0. 2 eV, respectively, indicating
that device B had the best hole blocking ability. In
addition, the triplet energies of Tm3PyP26PyB,
TmPyPB and TPBi are 2. 8, 2. 9, 2. 7 eV, respectively,

which strongly influence device performances[19-20] .
The low triplet energy may reduce the effect of confi-
ning triplet state excitons within the EML. However,
DPEPO in device C acts as a HBL and has a high
triplet energy(ET = 3. 0 eV), which improving the ef-
ficiency but also increasing the turn-on voltage. To
better understand the mechanisms of performances
improvement in these devices, as shown in Fig. 6,
the distribution of carriers within the EML of these
devices was also analyzed. The experimental results
showed that electron mobility has great effect on effi-
ciency of the devices[21] . For these devices, the elec-
tron mobility of Tm3PyP26PyB(2. 76 ×10 - 4 cm2·V - 1·
s - 1), TmPyPB( ~ 10 - 5 cm2·V - 1·s - 1 ) and TPBi
(5. 6 × 10 - 8 - 2. 1 × 10 - 5 cm2·V - 1·s - 1 ) decreases
successively[22-24] , meaning decreasing electrons
within EML under the same conditions. Luminance
of device C was lower than those of devices A and
B. However, electrons and holes tended to balance
in device C and decreasing electron mobility causes
the shift of recombination center towards cathode,
thus resulting in widening the recombination zone and
suppressing the annihilation of excitons within EML.
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Fig. 6　 Carriers’ distribution of devices A ( a), B( b) and C( c) ( Symbols ‘ - ’ and ‘ + ’ represent electrons and holes,
respectively) .

Therefore, device C realized the highest efficiency.

4　 Conclusion
This work demonstrated that the efficiency of

device could be improved by designing mixed-host
structure and optimizing the selection of electron
transport material. High efficiency blue devices pre-
pared by solution method were achieved by construc-
ting mixed-host structure with the combination of
high triplet energy host material with high hole mob-
ility host material. EL efficiency was further improved

by selecting a suitable electron transport material. In
this case, carriers tended to balance, thus improving
device efficiency and reducing exciton quenching.
The optimal device with TcTa ∶ CzSi of 6∶ 1 and 70
nm TPBi layer displayed the Bmax, CEmax, PEmax and
EQEmax of 6 662 cd·m - 2, 39. 40 cd·A - 1, 23. 33
lm·W - 1 and 19. 7% , respectively.

Response Letter is available for this paper at:http: / /
cjl. lightpublishing. cn / thesisDetails # 10. 37188 / CJL.
20220049. 　
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