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Highly Efficient Solution-processed
Host-free Organic Light-emitting Diodes
using a Thermally Activated Delayed
Fluorescence Emitter

Organic light-emitting diodes (OLEDs) have attracted
great interest as a promising technique for developing sol-
id-state lighting source and flexible flat-panel displays. To
date, vacuum vapor deposition has been widely used to fab-
ricate OLEDs. However, it has drawbacks, including high
production cost and difficulty in fabricating multi-dopant
OLEDs. Solution processing is an alternative method to
vacuum vapor deposition for fabricating OLEDs. It has
an advantage of lowering the production cost and realiz-
ing large-area high-resolution displays. An emitting layer
of an OLED is generally a doped film composed of an
emitting dopant and a host material. To realize a high-per-
formance OLED, the host material is required to have high
excited-state energies, ambipolar transport properties,
and suitable HOMO and LUMO energy levels. Host-free
OLEDs contain a neat film as an emissive layer (that is,
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Figure 1. (a) Energy diagram of solution-processed host-free OLEDs con-
taining DMAC-TRZ as an emitter. (b) Luminance—EQE characteristics of
the solution-processed host-free OLEDs.

the emissive layer consists of an emitting material alone),
which can remove the limitations of host materials. In this
study, using a spin-coated neat film of a thermally acti-
vated delayed fluorescence emitter (DMAC-TRZ) as an
emissive layer, we fabricated a solution-processed OLED.
The OLED exhibited a maximum external quantum effi-
ciency (EQE) of 17.6% (Figure 1), which is the highest
value obtained for solution-processed host-free OLEDs,
including phosphorescent systems. By further optimizing
the device structure, we achieved an EQE of 16.8% at high
luminance.

Charge Transport Simulations in Amorphous
Thin Films for OLEDs

A fundamental understanding of charge transport prop-
erties of organic thin films is essential to improve OLED
performance. Charge transport properties of organic mol-
ecules have been discussed in terms of their HOMO and
LUMO energy levels and electronic couplings between
molecules. The HOMO and LUMO can be calculated using
quantum chemical calculations for isolated molecules,
while the electronic couplings are considered to depend
largely on an aggregated structure. We performed multi-
scale charge transport simulations for amorphous structures
of N,N’-dicarbazole-3,5-benzene (mCP) and 4,4-bis(N-car-
bazolyl)-1,1"-biphenyl (CBP), which have been used as a
host material for OLEDs. By explicitly considering organic
molecules, we investigated the contribution of respective
molecular pairs to the charge transport in amorphous thin
films. The molecular-level analysis of the charge transport
simulations showed that molecular pairs with large elec-
tronic couplings are not most important in charge transport
processes. Charges were found to be transported effectively
in the forward direction via other molecular pairs that do
not have substantially large electronic couplings.

Figure 2. Image of charge transport in amorphous mCP films.
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