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Abstract: We achieved high-efficiency and low-roll-off 
green fluorescent and phosphorescent organic light-
emitting diodes (OLEDs) simultaneously by adopting 
the thermally activated delayed fluorescence material of 
bis[4-(9,9-dimethyl-9,10-dihydroacridine)phenyl]sulfone 
as the universal host. At a luminance of 1000 cd/m2, fluo-
rescent OLEDs based on C545T get a current efficiency, 
power efficiency, and external quantum efficiency (EQE) 
of 31.8 cd/A, 25.0 lm/W, and 9.26%, respectively. This is 
almost the highest efficiency based on C545T at the lumi-
nance of 1000 cd/m2 to date. On the other hand, phos-
phorescent OLEDs with Ir(ppy)3 as the emitter realize a 
maximum current efficiency, power efficiency, and EQE 
of 64.3 cd/A, 62.4 lm/W, and 18.5%, respectively. More 
important, the EQE remains 17.8% at the representative 
luminance of 1000 cd/m2 and the roll-off ratio is just 

3.78%. The transient photoluminescence decay measure-
ment demonstrates that the up-conversion of host triplet 
excitons plays a key role in the high efficiency and low 
roll-off. More detailed discussions are also given.
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1  Introduction
Organic light-emitting diodes (OLEDs) have received great 
attention due to the application of flat-panel displays and 
solid-state lighting in the past few decades. Fluorescent 
OLEDs (Fl-OLEDs) have, in the early stages, the advantage 
of low cost and high stability, but the maximum external 
quantum efficiency (EQE) of 5% limits its development 
because of the waste of nonradiative triplet excitons. 
Later, phosphorescent OLEDs (Ph-OLEDs) could achieve 
100% internal quantum efficiency (IQE) on account of the 
strong spin-orbit coupling with the introduction of heavy 
metal, but the high cost and serious efficiency roll-off 
became other problems. In order to resolve these prob-
lems in Fl-OLEDs and Ph-OLEDs, researchers have made 
many attempts, including the application of triplet-triplet 
annihilation (TTA) mechanism to improve the EQE of Fl-
OLEDs [1–3], the host engineering [4], and special struc-
ture design in the emitting layer (EML) [5, 6] to decrease 
the efficiency roll-off of Ph-OLEDs and so on.

Besides the methods mentioned above, there is a new 
way to improve the efficiency of traditional Fl-OLEDs and 
decrease the efficiency roll-off of Ph-OLEDs, which is the 
use of thermally activated delayed fluorescence (TADF) 
material as the host to sensitize the dopant. TADF materi-
als, which could achieve 100% IQE through the efficient 
reverse intersystem crossing (RISC) of triplet excitons, had 
a hugely successful harvest as the emitter due to the small 
energy difference (ΔES-T) between the singlet and triplet 
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excited state [7–10]. Research on TADF material as the 
host has also received attention in the past few years [11–
13]. Qiu et al. fabricated highly efficient orange Fl-OLEDs 
with an EQE as high as 12.2% by utilizing TADF materials 
of 2,4-diphe-nyl-6-bis(12-phenylindolo)[2,3-a]carbazole-
11-yl)-1,3,5-triazine (DIC-TRZ) as the host [11]. Fukagawa 
et al. achieved decreased efficiency roll-off with Ph-OLEDs 
by adopting a TADF material of 2-biphenyl-4,6-bis(12-
phenylindolo[2,3-a]carbazol-11-yl)-1,3,5-triazine (PIC-TRZ) 
as the host [12]. Our group also did some research with 
TADF material as the host, which achieved white Fl-
OLEDs with a maximum EQE of 7.48% [14]. Although there 
have been developments in the use of TADF material as 
the host, reports are relatively fewer. Also, research on Fl-
OLEDs and Ph-OLEDs based on TADF material as the host 
are separate, or to improve the efficiency of Fl-OLEDs, or 
to reduce the efficiency roll-off of Ph-OLEDs. So there are 
still more work to do, more systematic research needs to 
be made, more TADF materials need to be discovered, and 
higher-efficiency and lower-efficiency roll-off OLEDs need 
to be earned.

In this paper, we utilized the typical TADF material of 
bis[4-(9,9-dimethyl-9,10-dihydroacridine)phenyl]sulfone 
(DMAC-DPS) as the universal host and the traditional 
fluorescent emitter of 2,3,6,7-tetrahydro-1,1,7,7-tetrame-
thyl-1H,5H,11H-10-(2-benzothiazolyl)quinolizino[9,9a,1gh]
coumarin (C545T) and phosphorescent emitter of fac-
tris(2-phenylpyridine) iridium(III) (Ir(ppy)3) as the dopant 
to fabricate highly efficient and simple green OLEDs, 
respectively. The material of DMAC-DPS was a highly effi-
cient blue TADF emitter with an electroluminescence (EL) 
peak at 470  nm and in which the maximum EQE could 
reach 19.5% [9]. Therefore, here, we attempt to make use 
of DMAC-DPS as the universal host to fabricate Fl-OLEDs 
and Ph-OLEDs, respectively, and conduct a systematic 
research. By employing the TADF material of DMAC-DPS 
as the universal host, we simultaneously obtain high-effi-
ciency Fl-OLEDs and low-efficiency roll-off Ph-OLEDs. A 
maximum current efficiency, a power efficiency, and an 
EQE of 32.2 cd/A, 26.3 lm/W, and 9.35% were achieved 
with Fl-OLEDs, respectively. The EQE of 9.35% far exceeds 
the fluorescent EQE upper limit. We confirm that the 
obtainment of a very high efficiency stems from the RISC 
of DMAC-DPS triplet excitons through the transient pho-
toluminescence (PL) decay measurement under various 
concentrations. Meanwhile, the Ph-OLEDs realized a 
maximum current efficiency, power efficiency, and EQE 
of 64.3 cd/A, 62.4 lm/W, and 18.5%, respectively. More 
important, the efficiency roll-off ratio was just 3.78% from 
maximum EQE to the EQE at 1000 cd/m2. The barrier-free 
injection, balanced transport and recombination, wide 

carrier recombination zone, and host triplet exciton up-
conversion are responsible for the low-efficiency roll-off.

2  �Experimental section
All the OLEDs were fabricated on indium tin oxide (ITO)-
coated glass substrates with a sheet resistance of 10 Ω/sq. 
The ITO substrates were cleaned first with acetone, deion-
ized water, and acetone and then treated by ultraviolet 
(UV)-ozone for 15 min, then the ITO substrates were loaded 
into a high vacuum chamber (approximately 3 × 10− 4 Pa) 
for subsequent deposition. After the deposition of organic 
layers, Al cathode was deposited in the end with a shadow 
mask, which defined a device area of 3 × 3  mm2. The PL 
spectra were measured with FluoroMax-4 fluorescence 
spectrometer (HORIBA Jobin Yvon). The UV-Vis absorption 
spectrum was recorded with a Hitachi U-3900  scanning 
spectrophotometer. Transient PL decay was measured 
with a combination of Nd-YAG laser (pulse width of 10 
ns, repetition frequency of 10  Hz), a spectrograph (HJY, 
Triax 550), and an oscilloscope (Tektronix, TDS3052B). 
EL spectra were measured through a computer-controlled 
PR-655  spectra scan spectrometer. The current-voltage-
luminance curves were measured with a Keithley 2400 
power supply combined with an ST-900M spot photom-
eter. EQE was calculated from the current density-volt-
age-luminance curve and EL spectra data. All the organic 
materials were procured commercially without further 
purification. All the measurements were carried out at 
room temperature and under ambient conditions without 
any protective coatings.

3  �Results and discussion

3.1  �Fl-OLEDs

The device structure of Fl-OLEDs based on C545T is as 
follows: ITO/MoO3 (3  nm)/mCP (25  nm)/DMAC-DPS: 
x% C545T (15  nm)/PO-T2T (45  nm)/LiF (1  nm)/Al, where 
x = 1.0, 1.5, and 2.0, respectively. We can see that the OLEDs 
are a simple three-layer structure. The mCP (m-bis(N-car-
bazolyl)benzene) and a phosphine-oxide-based material 
of PO-T2T act as the hole transport layer (HTL) and elec-
tron transport layer (ETL), respectively. Concentrations of 
1.0%, 1.5%, and 2.0% with C545T doped into DMAC-DPS 
are used for the EML. Amazingly, all the devices obtained 
an excellent device performance of low turn-on voltage 
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(< 2.5 V) and high maximum luminance (~ 17,000 cd/m2), 
which are shown in Figure S1. Under a concentration of 
1.5%, the Fl-OLEDs display the best performance; the 
maximum current efficiency, power efficiency, and EQE 
are 32.2 cd/A, 26.3 lm/W, and 9.35%, respectively. Even 
at a luminance of 1000 cd/m2, the efficiencies are also 
as high as 31.8 cd/A, 25.0 lm/W, and 9.26%, respectively. 
This is almost the highest efficiency based on C545T at the 
luminance of 1000 cd/m2 to date. Figure 1 shows the EL 
performance of the Fl-OLEDs. Moreover, at a high lumi-
nance of 10,000 cd/m2, the EQE is also higher than the 
5% fluorescent EQE upper limit and reaches 6.9%. We 
also fabricated the Fl-OLEDs with the same device struc-
ture except for the host, which adopted the traditional 
fluorescent host of Alq and DPVBi. But the corresponding 
maximum EQEs are merely 2.68% and 3.36%, respectively. 
Figure S2 and Table S1 display the EL performance of Fl-
OLEDs with Alq and DPVBi as the host, respectively. The 
low efficiency of Fl-OLEDs with a traditional host is due 

to the waste of triplet excitons, which cannot up-convert 
to a singlet excited state because of the large ΔES-T. With 
the TADF material as the host, the triplet excitons could 
up-convert to its singlet excited state and transfer to the 
dopant through the Förster energy transfer process, which 
increases the amount of dopant singlet excitons and 
improves the device efficiency further. The relevant EL 
spectra of DMAC-DPS as the host are shown in Figure 1B. 
Under the concentrations of 1.5% and 2.0%, the devices 
exhibit intrinsic C545T emission with a peak of 513 nm. But 
at the low concentration of 1.0%, a weak emission peak at 
~ 460 nm appears, which is inferred to the host emission 
of DMAC-DPS. The appearance of host emission peak at 
1.0% concentration and disappearance at 1.5% and 2.0% 
concentrations indicate the energy transfer process from 
DMAC-DPS to C545T.

Table  1 summarizes the EL performance and roll-off 
ratio of the Fl-OLEDs in this paper with representative 
devices based on C545T. Except for the optimal concen-
tration of 1.5%, the devices also harvest considerable per-
formance at 1.0% and 2.0% with the simple three-layer 
structure. The maximum EQE reached 7.73% and 6.83%, 
respectively. Even at a luminance of 1000 cd/m2, the effi-
ciency was almost the same, with 7.62% and 6.82%, respec-
tively. Lee et  al. utilized TADF exciplex host to sensitize 
C545T and achieved Fl-OLEDs with a maximum EQE of 
14.5% [15], but the roll-off ratio from maximum EQE to EQE 
at 1000 cd/m2 (EQEMax. ~ EQE1000) was as high as 40.1%. Kido 
et  al. achieved ~ 7% EQE through the optimizing charge 
balance, but the EQEMax. ~ EQE1000 still reached ~ 10% [16], 
whereas the EQEMax. ~ EQE1000 of all the Fl-OLEDs in this 
work are only ~ 1%. The reason for the low roll-off will be 
discussed in detail in the section on Ph-OLEDs.

In order to explain the high efficiency of Fl-OLEDs 
with the simple device structure, we draw the PL spectrum 
of DMAC-DPS and absorption spectrum of C545T, which 
are shown in Figure  2. The rather large spectral overlap 
between the PL spectrum of the host and the absorption 
spectrum of the dopant indicates that the energy transfer 
from the singlet excited state of DMAC-DPS to the singlet 
excited state of C545T by Förster mechanism can take 
place efficiently.

To clarify the energy transfer process in Fl-OLEDs 
further, we fabricated the DMAC-DPS: x% C545T films 
with several concentrations. Figure 3 shows the PL spectra 
and transient PL decay curves under different concentra-
tions. From Figure 3A, we can see that the emission of 
the host also appears under low concentration, which is 
consistent with the EL spectra. And the emission of the 
DMAC-DPS host reduces gradually and disappears with 
the increase in doped concentrations, verifying again the 

100 100

10

1

E
Q

E
 (

%
)

0.1

10

1.0% C545T
1.5% C545T
2.0% C545T

1.0% C545T
1.5% C545T
2.0% C545T

C
ur

re
nt

 e
ffi

ci
en

cy
 (

cd
/A

)

1

0.1

1.0

0.5

0.0

N
or

m
al

iz
ed

 E
L 

(a
.u

.)

1 2000 4000

Luminance (cd/m2)

6000

400 450 500 550 600 650

Wavelength (nm)

700 750 800

8000 10,000

A

B

Figure 1: The EL performance of Fl-OLEDs with different C545T 
concentrations. (A) The current efficiency-luminance-EQE curves. (B) 
The EL spectra.
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energy transfer process between DMAC-DPS and C545T. 
Figure 3B exhibits the transient PL decay curves of DMAC-
DPS: x% C545T films with various doped concentrations. 
Monitoring the PL emission peak of 510  nm, to our sur-
prise, all of the curves exhibit double-exponential decay 
and present two lifetimes of prompt and delay through 
the suitable fitting. In general, as a traditional fluorescent 
material, C545T only has a prompt intrinsic transient life-
time of several nanoseconds. But in this work, C545T dis-
plays a delayed lifetime of several hundred nanoseconds, 
even reaching orders of microseconds. DMAC-DPS has 
been confirmed as a highly efficient TADF material, which 
exhibited two lifetimes of prompt and delay due to the effi-
cient RISC with a small ΔES-T between its singlet and triplet 
excited states [9]. Therefore, we suggest that the longer 
transient lifetime of C545T in this paper is derived from 
the RISC and energy transfer of DMAC-DPS triplet exci-
tons. The detailed prompt and delayed lifetimes of C545T 

1.0

N

O

O

O
S

N

N

O

N
S

0.8

C545T

DMAC-DPS

DMAC-DPS
C545T

0.6

0.4

A
bs

or
pt

io
n 

(a
.u

.)

N
or

m
al

iz
ed

 P
L 

(a
.u

.)

0.2

0.0

1.0

0.8

0.6

0.4

0.2

0.0
300 350 400 450 500 550

Wavelength (nm)

600 650 700

Figure 2: The PL spectrum of DMAC-DPS and absorption spectrum 
of C545T.
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Figure 3: The PL spectra and transient PL decay curves with the film 
of DMAC-DPS: x% C545T under different concentrations. (A) The PL 
spectra. (B) The transient PL decay curves.

Table 1: Summary EL performance and roll-off ratio of the Fl-OLEDs in this paper with representative devices based on C545T.

DMAC-DPS: x% C545T   ηc,Max./ηp,Max./EQEMax.
a 

[cd/A/lm/W/%]
  ηc,1000/ηp1000/EQE1000

b 

[cd/A/lm/W/%]
  ηc,10,000/ηp10,000/EQE10,000

c 

[cd/A/lm/W/%]
 

1.0% C545T   26.9/21.8/7.73  26.5/20.0/7.62  20.1/9.06/5.78  
1.5% C545T   32.2/26.3/9.35  31.8/25.0/9.26  23.7/11.4/6.90  
2.0% C545T   23.9/19.0/6.83  23.9/16.8/6.82  14.8/5.61/4.23  

EML structure   EQEMax. [%]  EQEMax. ~ EQE1000
d [%]  EQEMax. ~ EQE10,000

e [%]   Ref.

DMAC-DPS: 1.0/1.5/2.0% C545T   7.73/9.35/6.83  1.42/0.96/1.00  25.2/26.2/38.1   This work
TAPC : DPTPCz: 0.2/0.4/0.8% C545T   14.5/12.7/7.9  40.1/68.8/49.8  N/A   [15]
TAPC (40/35/30 nm)/MADN: 1 wt% C545T  7.42/7.72/7.29  11.0/6.73/10.8  23.7/18.6/24.7   [16]

aCurrent efficiency (ηc), power efficiency (ηp), and EQE at maximum.
bηc, ηp, and EQE at 1000 cd/m2.
cηc, ηp, and EQE at 10,000 cd/m2

dEQE roll-off ratio from maximum to 1000 cd/m2.
eEQE roll-off ratio from maximum to 10,000 cd/m2.

with different doped concentrations have been added to 
Figure  3B. We can see that the delayed lifetimes have a 
large range when C545T with different concentrations is 
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doped into DMAC-DPS. The delayed lifetime decreases 
gradually as the concentration of C545T increases. Under 
optical excitation, the triplet excitons of DMAC-DPS are 
produced by the efficient intersystem crossing (ISC) 
process, and the delayed component of C545T results from 
the energy transfer of up-converted DMAC-DPS triplet exci-
tons. As the concentration increases, the ISC efficiency of 
DMAC-DPS reduces and the RISC efficiency also reduces, 
which result in a decrease in delayed lifetime. So under 
electric excitation, the 25% singlet excitons produced on 
the DMAC-DPS host would transfer to the singlet state of 
C545T by the Förster process and the 75% triplet excitons 
would up-convert to a singlet excited state first through 
efficient RISC, then the new singlet excitons formed 
through RISC would also transfer to the singlet excited 
state of C545T. Finally, a highly efficient C545T emission 
could be achieved. Hence, based on the discussion above, 
the almost consistent transient decay behavior of C545T 
and DMAC-DPS reported previous evidence that the emis-
sion of C545T is derived from the energy transfer of DMAC-
DPS singlet excitons and up-converted triplet excitons.

Next, we discuss the energy transfer efficiency of the 
host-guest system though an equation. The TADF material 
of DMAC-DPS is the energy transfer host and C545T is the 
energy transfer guest, so the energy transfer efficiency (∅ET) 
of singlet and triplet could be expressed as follows [17]:

1/
et et

ET
r nr et et

k k
k k k kτ

∅ = =
+ + +

In the equation, ket is the energy transfer rate from host to 
dopant; kr is the radiative transition rate of host; knr is the 
nonradiative transition rate of host; and τ is the emission 
lifetime of the DMAC-DPS host. As we can see from the 
equation, in order to achieve a high ∅ET, a higher ket and 
longer τ should be required. From Figure 2, we know that 
there is a rather large overlap between the PL spectrum 
of the DMAC-DPS host and the absorption spectrum of 
C545T, which have demonstrated a highly efficient energy 
transfer rate from the DMAC-DPS host to C545T (that is 
high ket). On the other hand, the TADF host of DMAC-DPS 
has a long delayed fluorescent lifetime (τ) about 3.0 μs at 
300 K by transient PL decay measurement [9, 18], which 
also illustrates a high RISC efficiency. Therefore, a high 
energy transfer efficiency (∅ET) could be realized in this 
system.

3.2  �Ph-OLEDs

Next, we adopted the same host of DMAC-DPS to fab-
ricate Ph-OLEDs with common green phosphorescent 

material of Ir(ppy)3 as the emitter. The device structure 
is as follows: ITO/MoO3 (3  nm)/mCP (25  nm)/DMAC-
DPS: x% Ir(ppy)3 (15 nm)/PO-T2T (45 nm)/LiF (1 nm)/Al, 
where x = 2.0, 4.0, and 6.0, respectively. To our surprise, 
all the Ph-OLEDs also achieved good efficiency under the 
three concentrations of low turn-on voltage (< 3.0 V) and 
high maximum luminance (> 20,000 cd/m2), which can 
be seen in Figure S3. Figure  4 and Table  2 show the EL 
performance of Ph-OLEDs in this paper. At the optimal 
concentration of 4.0%, the device obtains a maximum 
current efficiency, power efficiency, and EQE of 64.3 
cd/A, 62.4 lm/W, and 18.5%, respectively. Different from 
the traditional host-guest Ph-OLEDs, the energy transfer 
process with TADF material as the host is mainly through 
the long-range Förster energy transfer rather than short-
range Dexter energy transfer or direct carrier trapping 
recombination by the dopant [12, 18]. The triplet excitons 
produced on the TADF host are more easily up-converted 
to singlet excited state and achieve the energy transfer 
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Figure 4: The EL performance of Ph-OLEDs with different Ir(ppy)3 
concentrations. (A) The current efficiency-luminance-EQE curves. 
(B) The EL spectra.
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by the Förster process owing to the small ΔES-T of the 
TADF host. On the other hand, with the traditional host-
guest Ph-OLEDs, the triplet excitons produced on the 
host cannot up-convert to singlet excited state because 
of the large ΔES-T. So the triplet excitons transfer to the 
dopant via a Dexter energy transfer process, which hap-
pened between the triplet excited state of the host and 
the dopant. The relatively low EQE of 15.3% with the con-
centration of 2.0% could be attributed to the incomplete 
energy transfer process, which is proved from the weak 
emission of the host DMAC-DPS shown in Figure  4B. 
Besides, even more surprising is the efficiency roll-off 
of the Ph-OLEDs. For example, under the representative 
luminance of 1000 cd/m2, the current efficiency and EQE 
of the Ph-OLEDs with 4% concentration still reached up 
to 62.0 cd/A and 17.8%, respectively, and the roll-off ratio 
is just 3.78%. In Table 2, we summarize the EL perfor-
mance and roll-off ratio of the Ph-OLEDs. Meanwhile, the 
roll-off ratio with representative devices based on Ir(ppy)3 
or Ir(ppy)2(acac) are also given. We can see that all the Ph-
OLEDs in this paper obtain a very low roll-off with a large 
range from low luminance to high luminance of 10,000 
cd/m2. The EQEMax. ~ EQE1000 is only ~ 3.5%, while the ratio 
is ~ 25% from maximum EQE to EQE at 10,000 cd/m2. We 
also sought some representative phosphorescent devices 
as a reference; the EQEMax. ~ EQE1000 is 27.9% in Ref. [19] 
and EQEMax. ~ EQE10,000 are 21.8% and 52.1% in Refs. [20, 
21], respectively. Although a low roll-off was also achieved 
in Ref. [20], an exciton block layer of CF-X was adopted, 
which added to the complexity of the device. Neverthe-
less, we attain highly efficient and low roll-off Ph-OLEDs 
with a simple three-layer structure in this paper.

In order to explore the reason of low roll-off, we fabri-
cated single carrier devices, whose structure is as follows:

–– Hole-only device: ITO/MoO3 (3  nm)/NPB (15  nm)/
DMAC-DPS (40 nm)/NPB (15 nm)/Al

–– Electron-only device: ITO/TPBi (15  nm)/DMAC-DPS 
(40 nm)/TPBi (15 nm)/LiF (1 nm)/Al

Figure 5A plots the current density-voltage curves of the 
two devices. As we see, both of the hole-only and elec-
tron-only devices have a high current density with the 
increased voltage, which indicates the bipolar host of 
DMAC-DPS. Hence, the electron and hole could transport 
and recombine evenly in EML; meanwhile, the carrier 
recombination zone will become wide to the whole EML 
due to the bipolar host. Except for the EML, carrier injec-
tion is another important factor in OLEDs. We also draw 
an energy-level schematic diagram of Ph-OLEDs, which is 
shown in Figure 5B. Because of the suitable highest occu-
pied molecular orbital energy level of HTL/EML and lowest 
unoccupied molecular orbital energy level of EML/ETL, 
the hole and electron injected from the electrode could be 
transported barrier-free to the EML. The barrier-free injec-
tion, balanced transport, and recombination eliminate 
the accumulation and trapping of carrier, which suppress 
the triplet-polaron annihilation (TPA) [22]. The very wide 
carrier recombination zone dilutes the exciton concen-
tration, which efficiently weakens the effect of TTA [22, 
23]. Therefore, the barrier-free injection, balanced trans-
port and recombination, and wide carrier recombination 
zone are responsible for the low efficiency roll-off at high 
luminance in our Ph-OLEDs. In addition to the above men-
tioned, the triplet exciton up-conversion of the DMAC-DPS 

Table 2: Summary EL performance and roll-off ratio of the Ph-OLEDs in this paper with representative devices based on Ir(ppy)3 or 
Ir(ppy)2(acac).

DMAC-DPS: x% Ir(ppy)3   ηc,Max./ηp,Max./EQEMax.
a 

[cd/A/lm/W/%]
  ηc,1000/ηp1000/EQE1000

b 

[cd/A/lm/W/%]
  ηc,10,000/ηp10,000/EQE10,000

c 

[cd/A/lm/W/%]
 

2.0% Ir(ppy)3   52.2/49.1/15.3   50.7/24.7/14.8   39.9/12.8/11.7  
4.0% Ir(ppy)3   64.3/62.4/18.5   62.0/29.1/17.8   48.1/15.0/13.8  
6.0% Ir(ppy)3   59.9/57.8/17.2   57.8/27.3/16.6   44.8/13.9/12.9  

EML structure   EQEMax. [%]   EQEMax. ~ EQE1000
d [%]   EQEMax. ~ EQE10,000

e [%]   Ref.

DMAC-DPS: 2.0/4.0/6.0% Ir(ppy)3  15.3/18.5/17.2   3.26/3.78/3.48   23.5/25.4/25.0   This work
TAZ: 12% Ir(ppy)2(acac)   19.0 ± 0.5   27.9   N/A   [19]
TCTA: 6.2 mol% Ir(ppy)3/CF-X   19.2   N/A   21.8   [20]
CBP: 6 wt% Ir(ppy)3   14.4   N/A   52.1   [21]

aCurrent efficiency (ηc), power efficiency (ηp), and EQE at maximum.
bηc, ηp, and EQE at 1000 cd/m2.
cηc, ηp, and EQE at 10,000 cd/m2.
dEQE roll-off ratio from maximum to 1000 cd/m2.
eEQE roll-off ratio from maximum to 10,000 cd/m2.
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host due to the small ΔES-T may be another reason for the 
low efficiency roll-off because this process decreases the 
triplet exciton concentration and achieves a rapid energy 
transfer from DMAC-DPS to Ir(ppy)3 by Förster mecha-
nism, which could also contribute to the reduction of the 
TPA [24]. We believe that the relative low roll-off of the Fl-
OLEDs results from the same reason mentioned above.

4  �Conclusions
In conclusion, we utilized TADF material of DMAC-DPS 
as the universal host and fabricated simple three-layer 
structure green Fl and Ph-OLEDs, respectively. The Fl-
OLED-based C545T as the emitter almost achieved the 
best performance under a luminance of 1000 cd/m2 
with a current efficiency, power efficiency, and EQE of 
31.8 cd/A, 25.0 lm/W, and 9.26%, respectively; meanwhile, 
the EQEMax. ~ EQE1000 is just ~ 1%. The utilization of triplet 
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Figure 5: (A) The current density-voltage curves of single carrier 
devices. (B) The energy level schematic diagram of Ph-OLEDs.

excitons through up-conversion and efficient energy 
transfer are responsible for the high-efficiency Fl-OLEDs. 
The Ph-OLEDs with Ir(ppy)3 as the emitter realize a very 
low roll-off at high luminance while earning a high effi-
ciency of 64.3 cd/A, 62.4 lm/W, and 18.5%, respectively. 
The EQEMax. ~ EQE1000 is just ~ 3.5%, while the ratio was 
~ 25% from maximum EQE to EQE at 10,000 cd/m2. The 
barrier-free injection, balanced transport and recombina-
tion, wide carrier recombination zone, and host triplet 
exciton up-conversion are the reasons for the low roll-off 
with all the OLEDs in this paper. We believe that the TADF 
material still has more potential in the role of host with its 
development, such as higher-efficiency Fl-OLEDs, other 
monochrome OLEDs and WOLEDs, etc.
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