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Emitters displaying thermally activated delayed fluorescence (TADF) can lead to highly efficient

organic light-emitting diodes (OLEDs). Such emitters are usually incorporated into the emissive

layer (EML) at a relatively low concentration (<20 wt. %) with respect to a host material, a guest-

host approach inherited from conventional fluorescent or phosphorescent OLEDs. Here, detailed

studies on OLEDs, in which the concentration of oBFCzTrz (a blue-emitter displaying TADF) in a

DPEPO host was varied from 8 to 100 wt. %, reveals that oBFCzTrz displays ambipolar transport

and limited fluorescence-quenching due to aggregation. For instance, a neat film of oBFCzTrz

maintains a photoluminescence quantum yield of 82%. We demonstrate that OLEDs with an EML

having an oBFCzTrz concentration of 50 wt. % in DPEPO yield a maximum external quantum effi-

ciency (EQE) of 25.5% with an EQE roll-off of 10% in the range from 10 to 1000 cd/m2 and

Commission Internationale de l’Eclairage color coordinates of (0.20, 0.44). OLEDs with smaller or

larger oBFCzTrz concentrations display smaller maximum EQE values. OLEDs with a neat

oBFCzTrz EML display a maximum EQE of 14.0%. Time-resolved electroluminescent decay stud-

ies, and analysis using a simple model, reveal significant differences in transport, trapping, and

recombination in these devices. Published by AIP Publishing. https://doi.org/10.1063/1.5041447

I. INTRODUCTION

Organic light-emitting diodes (OLEDs) are attractive for

next-generation displays and solid-state lighting. In recent

years, fluorescent organic molecules displaying thermally

activated delayed fluorescence (TADF) have enabled emis-

sive layers (EMLs) that lead to devices with an internal

quantum efficiency (IQE) of ca. 100%. Previously, similar

values could only be achieved using phosphorescent emit-

ters.1–3 A TADF emitter can lead to devices with such high

IQE values if its singlet-triplet energy separation (DEST) is

sufficiently small to facilitate reverse intersystem crossing

(RISC) from the triplet excited states to the singlet excited

states at a rate that is substantially faster than the decay rate

of the triplet excited states.4 Maximum external quantum

efficiency (EQE) values displayed by OLEDs with TADF-

based emissive layers have been reported to be 37% for a

sky-blue device,5 over 30% for a green device,6 and nearly

30% for an orange-red device.7

Although RISC can lead to efficient triplet harvesting, it

also results in excited-state lifetimes that are comparable to

those found in phosphorescent emitters, the delayed portion

of the fluorescence typically exhibiting decay constants in

the range of tens to hundreds of microseconds. Long-lived

excited states in TADF or phosphorescent emitters are

known to play an important role in causing significant EQE

roll-off as the luminance of an OLED is increased above

values of ca. 1000 cd/m2.8 Under these operational condi-

tions, a large current density leads to a large density of long-

lived triplet excitons and an increased probability of emis-

sion quenching through triplet-triplet annihilation (TTA),

triplet-polaron annihilation (TPA), and other non-radiative

recombination processes.9 Moreover, in blue-emitting com-

pounds, the energy dissipated by some of these exciton-

quenching reactions can be sufficiently large to initiate

bond-cleavage and produce irreversible damage to the EML,

consequently severely reducing the lifetime of the OLED.

While the EQE roll-off and device lifetime can be influenced

by many other mechanisms, achieving OLEDs that display

low EQE roll-off values is an important step towards

improving the performance and lifetime of blue-emitting

OLEDs.10

Recently, TADF emitters using donor moieties, such as

acridane or carbazole derivatives, and acceptors, such as tri-

azine or diphenylsulfone, have resulted in blue-emitting

TADF molecules with estimated DEST values close to zero

and delayed fluorescence lifetimes <6 ls (SpiroAC-TRZ,5

PIC-TRZ2,11 DMAC-DPS,12 oBFCzTrz,15 and DMAC-

TRZ16). OLEDs based on these emitters have been shown to

display EQE roll-off that can be quantified by a 20% and

50% reduction in EQE from its maximum value at luminance

levels of 1000 and 10 000 cd/m2, respectively.5 In many

devices, TADF emitters are sparsely embedded in a host

matrix at low doping concentration (<20 wt. %) to prevent

aggregation-quenching,13–15 an EML-design paradigm inher-

ited from fluorescent and phosphorescent OLEDs. However,
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an increasing number of reports suggest that OLEDs in

which the emissive layer are composed exclusively of the

TADF emitter can display EQE values up to ca. 20%, and

negligible EQE roll-off.12,16–18 These intriguing results sug-

gest that compounds displaying TADF can display ambipolar

transport and limited aggregation-caused fluorescence

quenching, challenging our current understanding of concen-

tration quenching mechanisms in OLEDs.25 Indeed, recent

reports19,20 suggested that the mechanism of fluorescence-

quenching in TADF emitters with D-A (Donor-Acceptor)

electronic structures is different from that observed in sys-

tems comprising conventional fluorescent and phosphores-

cent emitters, typically involving F€orster energy-transfer

processes. In contrast, when TADF emitters interact,

short-range Dexter energy transfer dominates the concen-

tration quenching, and consequently, bulky TADF mole-

cules with insulating substituents may suppress these

intermolecular electron-exchange interactions and thus

concentration quenching.

In this work, we report on systematic studies in OLEDs

where the concentration of the blue-emitting compound

oBFCzTrz (which exhibits TADF due to a DEST of ca. zero)

is varied from 8 to 100 wt. % in the widely used host

DPEPO. We find that maximum EQE values of 25.5%, with

low EQE roll-off values of 10% at 1000 cd/m2 and 36% at

10 000 cd/m2, are achieved in OLEDs having an EML com-

prising 50 wt. % of oBFCzTrz in DPEPO. As reported by

Lee et al.,15 we find that OLEDs with an EMLs comprising

20 wt. % of oBFCzTrz doped in DPEPO can reach EQE val-

ues over 20%. In contrast, Lee et al.15 reported only results

on devices with oBFCzTrz concentrations in the range of

5–30 wt. %. Here, we find that devices with concentrations

of oBFCzTrz larger than 30 wt. % continue to display high

EQE and low EQE roll-off values. For instance, host-free

devices using only an oBFCzTrz neat film as EML yield

maximum EQE values of 14.0% at 255 cd/m2, 13.7% at

1000 cd/m2, and 9.2% at 10 000 cd/m2. We also report on the

electrical characteristics of hole- and electron-only devices,

the results of time-resolved electroluminescent (EL) decay

studies, and on an analysis using a simple model that reveals

significant differences in the charge injection, transport, trap-

ping, and recombination in these devices.

II. RESULTS AND DISCUSSION

The OLED geometry and chemical structure of the

organic molecules used in this study are shown in Fig. 1. The

emissive layer comprises the TADF-emitter oBFCzTrz

doped at concentrations of 8, 20, 38, 50, 64, 80, and 100

(neat film) wt. % into a DPEPO host. From here on, we will

refer to these devices by the label DX, where the letter D

refers to device and X refers to the oBFCzTrz weight per-

centage in the EML.

Figure 2(a) shows the electroluminescent (EL) spectra

of all devices when biased at 5 V. Clear changes of the EL

spectra are observed when the concentration of oBFCzTrz

increases from 8 wt. % to 20 wt. %. For devices with a larger

oBFCzTrz concentration, changes in the EL spectral are neg-

ligible. Figure 2(a) also shows the calculated Commission

Internationale de l’Eclairage (CIE) color coordinates derived

from the EL spectra, indicating that the emission color

changes from blue in D8, as reported by Lee et al.,15 to sky-

blue in D20 devices. A Gaussian decomposition of the EL

spectra of D8 and D38, as shown in Fig. 2(b), reveals four

peaks centered at 462, 488, 508, and 531 nm, labeled from 1

to 4, respectively. In D38, the amplitude of peak 1 (at

462 nm) is significantly smaller than that in D8. At the same

time, the amplitude of peak 4 (at 531 nm) in D38 is signifi-

cantly larger than the corresponding one in D8. We believe

that these changes may result from molecular aggregation as

the concentration of oBFCzTrz is increased from 8 wt. % to

38 wt. %. Emissive layers fabricated on quartz and having

oBFCzTrz concentrations of 50 and 100 wt. % also display

red shifted photoluminescence (PL) spectra (as shown in Fig.

S1 of the supplementary material) and decreased photolumi-

nescence quantum yields (PLQYs) (90% and 82%), respec-

tively, relative to that of an 8 wt. % layer (PLQY ¼ 100%)

(see Table S1). Despite these apparent aggregation effects,

as we will describe next, there is a range of oBFCzTrz

FIG. 1. Device geometry and chemical

structures of oBFCzTrz (emitter),

DPEPO (host), Poly-TriCZ (hole trans-

porting layer), TPBi and TP3PO (elec-

tron transporting layers).
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concentrations over which the device performance does not

seem to be greatly affected.

The J-V characteristics of all devices are shown in Fig.

3(a). These data reveal that all devices behave like diodes

and exhibit good rectification and comparable current den-

sity values, with exception of D8 and D100, which display

lower J values and larger turn-on voltage. This behavior is

also observed in the luminance (L) vs. voltage (V) character-

istics, as shown in Fig. 3(b). Devices D20 to D80 display a

turn-on voltage [Von, defined as the voltage needed for

L(Von) ¼ 10 cd/m2] of ca. 3.4 V, while D8 and D100 display

a larger Von of 4.6 V and 4.2 V, respectively. EQE (L) values

in all devices were normalized by EQE10 � EQE (10 cd/m2)

to facilitate the comparison of the EQE roll-off characteris-

tics. Figure 3(c) displays the normalized EQE vs. L charac-

teristics in all devices and Table I summarizes the

performance parameters measured in all devices. The data in

Fig. 3(c) show that EQE10 goes from a value of 20.3% in D8

FIG. 2. (a) Normalized EL spectrum of D8, D20, D38, D50, D64, D80, and D100 and their CIE coordinates, respectively; (b) Gaussian peak decomposition of

EL spectra of D8 and D38.

FIG. 3. (a) J-V curves; (b) L-V curves; and (c) EQE roll-off of D8 to D100, normalized by their EQE10, respectively. The EQE10 value, and the EQE roll-off at

100 cd/m2, 1000 cd/m2, and 10 000 cd/m2 of each device are noted.
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to a maximum of 25.5% in D50, and down to 12.3% in D100.

We note that the changes of EQE measured in devices with

various concentrations of the oBFCzTrz emitter do not corre-

late with the changes in PLQY measured in solid films with

similar composition (see Table S1). For instance, device D50

shows increased maximum EQE compared to D8, while the

PLQY shows an opposite trend. This illustrates that changes

in charge balance due to variations in charge injection and

charge mobility in these devices in which the emissive layer

has different compositions also play an important role.

Before analyzing differences in charge transport between

devices, it is worth noting that Fig. 3(c) also shows that gener-

ally, as the concentration of oBFCzTrz is increased, devices

display a decreasing EQE roll-off. For instance, at 1000 cd/m2,

the EQE roll-off for D8 is 37.9% (i.e., EQE10 ¼ 20.3% goes to

EQE1000 ¼ 12.6%), while for D64 the EQE roll-off is ca. zero

(i.e., EQE10 ¼ 20.5%, EQE1000 ¼ 20.6%). Interestingly, for

D80 and D100, the EQE1000 is in fact larger than EQE10; in

D100, EQE1000 is 11.4% larger than EQE10. For D100, we

have found this behavior to be dependent on the thickness of

the EML as shown in Fig. S2 of the supplementary material.

The large EQE observed in devices with oBFCzTrz con-

centrations larger than 50 wt. % strongly suggests that

oBFCzTrz has good ambipolar transport, and that hole and

electron injection into the EML is reasonably well balanced.

Figure 4 shows a comparison of the current density measured

in hole-only and electron-only devices for pristine DPEPO

and oBFCzTrz. This comparison reveals that, in contrast to

DPEPO devices, where the electron-current density is signif-

icantly larger than the hole-current density, in devices having

a pristine layer of oBFCzTrz the electron and hole-current

density are indeed better matched. Although it is not possible

to infer energy-level alignment in a device from electro-

chemical estimations of ionization energies (IEs) and elec-

tron affinities (EAs) on isolated molecules, typically carried

out in solution rather than in solid-state, solution-based val-

ues reported in the literature may offer some initial clue to

the differences in hole and electron transport observed in sin-

gle carrier devices. Based on literature values, DPEPO is

expected to have a very wide transport bandgap (ca.

4.2 eV),15 larger than that of Poly-TriCZ (ca. 3.2 eV)21 and

of TP3PO (ca. 4.0 eV)22 and TPBi (ca. 3.5 eV).23 As shown

in Fig. S3 of the supplementary material and discussed in the

supplementary material, Fermi-level alignment between the

different intrinsic semiconductor layers in the device (i.e.,

after the device is fabricated) could produce a larger energy

TABLE I. Performance characterization of OLEDs with emissive layers doped with various concentrations of oBFCzTrz. (gc: current efficacy, gP: power

efficacy).

Device

name

Emissive layer (Doping

concentration, wt. %)

EQE(%) at 10/100/1000/10 000 cd/m2,

EQEmax

Von (V) at

10 cd/m2

gc(cd/A) at

1000 cd/m2

gP(lm/W) at

1000 cd/m2

CIE (x, y)

at 5 V

D8 DPEPO: oBFCzTrz (8%) 20.3/18.5/12.6/ –, 20.3 4.6 25.5 8.9 (0.17, 0.31)

D20 DPEPO: oBFCzTrz (20%) 22.7/21.8/19.8/13.5, 22.7 3.5 51.2 27.8 (0.20, 0.39)

D38 DPEPO: oBFCzTrz (38%) 25.0/24.5/22.4/15.5, 25.0 3.3 54.3 30.5 (0.20, 0.43)

D50 DPEPO: oBFCzTrz (50%) 25.5/24.2/22.8/16.4, 25.5 3.3 58.2 35.0 (0.20, 0.44)

D64 DPEPO: oBFCzTrz (64%) 20.5/21.3/20.6/16.2, 21.3 3.4 53.6 31.7 (0.21, 0.45)

D80 DPEPO: oBFCzTrz (80%) 15.4/15.3/16.3/12.7, 16.3 3.4 42.8 22.5 (0.21, 0.46)

D100 oBFCzTrz (100%) 12.3/13.6/13.7/9.2, 14.0 4.2 37.9 14.2 (0.21, 0.46)

FIG. 4. J-V curves of electron-only and hole-only devices employing pristine DPEPO and oBFCzTrz films. (a) Electron-only devices with structure of glass/

PEDOT:PSS/Al (50 nm)/LiF (2.5 nm)/TPBi (30 nm)/DPEPO or oBFCzTrz (25 nm)/TP3PO(4 nm)/TPBi (50 nm)/LiF (1 nm)/Al (50 nm)/Ag (100 nm). (b) Hole-

only devices with the structure of glass/ITO/MoO3(15 nm)/Poly-TriCZ(80 nm)/DPEPO or oBFCzTrz (25 nm)/a-NPD(30 nm)/MoO3(15 nm)/Au (20 nm)/Ag

(100 nm).
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barrier for hole-injection from Poly-TriCZ (ca. 0.5 eV) than

for electron-injection (ca. 0.1 eV from TP3PO and ca.

0.25 eV from TPBi to TP3PO, if electrons are indeed

injected into TP3PO instead of tunneling through this layer).

Consequently, it is not surprising that a large imbalance

between the hole- and the electron-current density is

observed in DPEPO devices. We note also that the shape of

the current-voltage characteristic of hole-only devices with

DPEPO is unusual and deviates from that of the other curves.

However, multiple devices were tested and they yielded con-

sistently curves with similar shapes. We attribute this behav-

ior to the poor injection of holes dues to the large barrier for

hole-injection at the Poly-TriCZ/DPEPO interface. In con-

trast, using a similar analysis on oBFCzTrz devices reveals

that, in principle, no energy barriers for electron- and hole-

injection should be expected since the transport bandgap of

oBFCzTrz (ca. 2.7 eV) is significantly smaller than that of

Poly-TriCZ, TP3PO, and TPBi.

In an effort to further investigate differences in charge

transport, recombination, and electroluminescence between

devices having different concentrations of oBFCzTrz, we

conducted time-resolved EL measurements on devices D8,

D50, and D100 by applying a square-shaped voltage pulse.

For devices D50 and D100, voltages were selected to achieve

100 cd/m2, 500 cd/m2, 1000 cd/m2, and 10 000 cd/m2. For

devices D8, voltages were selected to achieve 100 cd/m2,

500 cd/m2, and 1000 cd/m2 since these devices did not reach

a luminance of 10 000 cd/m2 in the voltage range of 0–14 V

as shown in Fig. 3(b). The transient EL signal was recorded

with an oscilloscope and normalized to the steady-state EL

amplitude, as shown in Fig. S4 of the supplementary mate-

rial. Here t¼ 0 ls corresponds to the falling edge of the volt-

age pulse. As shown in Fig. 5, the EL transients recorded

with this method display three distinct features in the tempo-

ral range observed: (1) a region where the EL intensity

remains constant, in a time range lasting at least 1 ls after

the voltage is removed; followed by (2) a region where the

EL shows a transient EL spike over a temporal range of

1–10 ls; and finally (3) a region where the EL monotonically

decays, which lasts up to a few ms after the voltage is

switched-off.

In the literature, a model has been discussed to explain

such transient EL behavior in small-molecule fluorescent

OLEDs having a guest-host EML design.24 According to this

model, after the external voltage is switched off, preexisting

excitons formed during the temporal region of steady-state

operation or right after the voltage is switched-off for a

period of time (here ca. 1 ls) and continue to sustain a simi-

lar EL amplitude than the one observed during steady-state

operation. Meanwhile, longer-lived correlated charge pairs

(CCPs) diffuse into each other to form excitons and radia-

tively recombine over time, generating a spike in the EL

transient. Finally, as the CCP population decreases, the EL

displays a tail which is attributed to the detrapping of long-

lived trapped carriers, leading to the formation of CCPs and

their radiative recombination. Assuming that the time-

dependent luminance, L(t), is directly proportional to the

time-dependent density of singlet excitons (SEs), NSE L0; tð Þ,

FIG. 5. (a) EL transients of D8, D50, and D100 normalized by their intensities at L0 ¼ 500 cd/m2 and fitted by the CCP-model.24 Experimental EL data (black

circle), NSE1 tð Þ (red, short dotted line), NSE2ðtÞ (green, dashed-dotted line), NSE3ðtÞ (blue, dotted line), and the total concentration NSEðtÞ (cyan, solid line) are

displayed, respectively. (b) Under different L0 values, the individual contribution of NSEi L0ð Þ to NSEðL0Þ in D8, D50, and D100, respectively. Also, in each

device, NSE L0ð Þ is normalized by NSE L0 ¼ 100ð Þ as shown by cyan-circle symbols. NSE L0 ¼ 100ð Þ of D8 and D100 are represented by the NSE L0 ¼ 100ð Þ
value of D50, which is normalized to a single unit.
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this model suggests that the EL transient can be decomposed

into three different processes

L tð Þ1NSE L0; tð Þ ¼ NSE1 L0; tð Þ þ NSE2 L0; tð Þ þ NSE3 L0; tð Þ;
(1)

where NSE1ðL0; tÞ represents the time-dependent SE popula-

tion formed during steady-state operation at an initial lumi-

nance L0, and immediately after the voltage is switched off;

NSE2ðL0; tÞ represents SEs that arise from the recombination

of CCPs after the voltage pulse is switched off; and

NSE3ðL0; tÞ represents SEs that arise from the recombination

of CCPs generated from initially uncorrelated charge carriers

that are slowly detrapped from deep traps in the EML. The

model closely describes the transient EL signals measured

on all devices and at all different initial luminance values

(L0), as shown in Fig. S4 of the supplementary material, and

a detailed description of the model and fitting parameters can

be found in Figs. S5–S7 of the supplementary material.

Figure 5(a) shows the results of fitting this model to the

normalized EL transients measured in devices D8, D50, and

D100, from an initial steady-state L0 ¼ 500 cd/m2. To ratio-

nalize the results derived from fitting the EL(t) data, we first

calculated the total density of SEs observed through these

experiments as well as the one attributed to each of the three

different processes. These total densities are calculated by

integrating the time-dependent distributions NSEiðL0; tÞ ði
¼ 1; 2; 3Þ over the time range from 0 to 1000 ls

NSE L0ð Þ ¼
X

i¼1;2;3

NSEi L0ð Þ ¼
X

i¼1;2;3

ð1000

0

NSEi L0; tð Þdt: (2)

Figure 5(b) shows the percentage that each of these pro-

cesses contributes to the total density of SEs as a function of

L0 in D8, D50, and D100, respectively. This analysis reveals

a clear difference between the behavior of the EL in D50 and

that observed in other devices. First of all, it should be noted

that for L0 < 10 000 cd/m2, D50 shows the smallest NSEðL0Þ.
For instance, at a same initial L0 ¼ 100 cd/m2, D8 and D100,

respectively, emit approximately 4 times and 3 times the

light of D50 [when NSEðL0 ¼ 100Þ of D50 normalized as 1

unit as shown in Fig. 5(b)], after the voltage is switched off.

A large EL output [i.e., a large total concentration of

NSEðL0Þ] produced after the device is switched off is not

desirable since it reveals the existence of physical mecha-

nisms leading to inefficient charge recombination in the

device. This trends holds when L0 is increased up to 1000 cd/

m2, although this difference is reduced to 2.8 times the light

of D50 (0.75 units) for D8 (2.1 units) and to 1.6 times for

D100 (1.2 units). For L0 ¼ 10 000 cd/m2, D100 (0.54 units)

emits 0.85 times the light of D50 (0.63 units) after the volt-

age pulse is switched off; D8 devices do not reach this lumi-

nance value due to a very large EQE roll-off.

With these results in mind, we direct our attention to the

individual contributions of NSE L0ð Þ and note that at L0

¼ 100 cd/m2, D50 shows the largest concentration of

NSE1ðL0Þ (12%) and NSE2ðL0Þ (18%), and the lowest of

NSE3ðL0Þ (70%) when compared to those found in D8 and

D100. A large concentration of NSE1ðL0Þ excitons can be

attributed to efficient transport and recombination of carriers

leading to the rapid formation of SEs right after the voltage

is turned off. This is further supported by the large NSE2ðL0Þ
concentration in D50, and the fact that the maximum of the

EL peak created by CCPs occurs at an earlier time than those

of D8 and D100 [see Fig. 5(a)], which indicates that a large

concentration of free carriers are within the Onsager radius

and quickly diffuse into each other to recombine radiatively.

While in an ideal device it would be desirable to minimize

NSEðL0Þ in general, finding strategies to minimize NSE3ðL0Þ
seems to be particularly important to improve efficiency,

since NSE3ðL0Þ represents trapped or moving, unpaired

electrons and holes, which remain for a long time in the

EML without radiatively recombining and consequently lead

to increased probability of non-radiative polaron-exciton

recombination events.

Hence, at low luminance values, the larger EQE10

shown by D50 devices when compared with EQE values

shown by D8 and D100 can be attributed to the more effi-

cient formation of excitons and CCPs and to the lower con-

centration of trapped or slow-moving carriers. In this

context, it is worth noting that in the model, the term

NSE3ðL0Þ is described as the convolution of the rate of

change in the concentration of carriers diffusing through an

exponential trap distribution (described by the parameter b)

with the CPP recombination rate [see Eq. (6) in the supple-

mentary material]. As shown in Fig. 5(a), the value of b
decreases from 0:73 in D8 to 0: 20 in D100, implying that

trapped carriers will take much longer to recombine in D8

than in D100 and consequently creating long-lived EL tails.

This behavior seems to support the assumption that, in D8,

oBFCzTrz acts as a deep trap in the context of carrier trans-

port, while in pristine oBFCzTrz EMLs, carriers will face

narrower trap distributions. Hence, differences in NSE3ðL0Þ
values between devices are related to differences in the

uncorrelated electron and hole populations in the EML and/

or to the existence of a recombination zone that is not homo-

genously distributed across the thickness of the EML. Either

of these two situations will cause unpaired carriers to have to

travel a longer distance before they form a CCP and conse-

quently will increase the population of “trapped” carriers

and the strength of the delayed EL. What seems perhaps

remarkable from our results is that, despite the large ener-

getic and positional disorder that could be expected from

mixing DPEPO and oBFCzTrz at 1:1 vol. ratio, the popula-

tion of trapped carriers in D50 is much smaller than those in

D8 and D100.

III. CONCLUSION

We performed detailed studies of the effects on OLED

performance of varying the oBFCzTrz concentration from

8 wt. % to 100 wt. % in a DPEPO host. We found that highly

efficient OLEDs in which oBFCzTrz is doped at 50 wt. % in

DPEPO can achieve EQE values up to 25.5% at 10 cd/m2,

along with small EQE roll-off values that allow them to yield

an EQE of 22.8% at 1000 cd/m2 and 16.4% at 10 000 cd/m2.

At these high oBFCzTrz concentrations, aggregation effects

cause (1) a small reduction of the PLQY of the EML, from
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100% displayed by an EML having an oBFCzTrz concentra-

tion of 8 wt. %, to 90% displayed by an EML having a

oBFCzTrz concentration of 50 wt. %, and (2) a slight red

shift of the PL and EL spectra. Despite these detrimental

effects, the introduction of oBFCzTrz at a large weight ratio

of up to 50 wt. % improves the recombination efficiency in

the EML, leading to devices with an improved performance

compared to devices having EMLs with lower concentrations

of oBFCzTrz. Beyond an oBFCzTrz concentration of 50 wt.

%, the devices continue to exhibit good performance charac-

teristics with decreasing maximum EQE values but also with

decreased EQE roll-off-values. OLEDs having an EML com-

prised of a pristine oBFCzTrz layer yield a maximum EQE

of 14.0% with a small EQE roll-off of 10% up to a lumi-

nance of 5400 cd/m2. Single carrier devices and transient EL

studies have been used to investigate charge transport,

recombination, and the EL dynamics in these devices and

provide useful insights into the behavior of devices presented

in this study and should contribute to device optimization

strategies.

SUPPLEMENTARY MATERIAL

See supplementary material for additional information.
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