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Abstract

Organic small-molecule materials that were designed
for thermal evaporation were used to fabricate
all-solution-processed organic light-emitting diodes
(OLEDs). We developed a processing method to use
these organic materials at a solubility of merely 0.1wt%,
as in common organic solvents. In this study, we fabri-
cated high efficiency all-solution-process red phospho-
rescent and blue fluorescent OLEDs. The red Phospho-
rescent OLEDs exhibited maximal efficiencies with
16.73 cd/A, 16.13 Im/W and 4.89%. In addition, Alq;
was practically applied in blue fluorescent emitting de-
vices and the efficiencies of the devices are 4.74 cd/A,
1.74 Im/W and 2.01%.

1. Introduction

In the last 20 years organic light-emitting diodes (OLEDs)
based on small molecules evaporating in a vacuum have
exhibited continuously improving efficiency and are now a
promising technology for solid-state lighting and displays.
The performance of vacuum processed OLEDs with mul-
ti-layer structures for charge balance and low driving volt-
age surpasses that of solution-processed OLEDs that usu-
ally involve conjugated polymers. In addition to featuring
an optimized multilayer structure, small molecules have the
advantages of higher purity, more flexibility in molecular
design, and the absence of variation caused by molecular
weight distribution compared with polymers. To reduce the
high cost of large-area vacuum deposition, there has been a
growing effort to fabricate small molecule OLEDs using a
solution process. To manufacture OLEDs, the industry
presently adopts a vacuum evaporation process, which re-
quires expensive vacuum chambers and has low material
use. Although the lifetime of the devices made using a
vacuum process is acceptable, the cost of this process is
considerably high. The processing cost can be considerably
reduced through adopting solution coating; however, the
lifetime of OLEDs manufactured through solution coating
is low and few related studies have been published. In the
application of products, sufficient operational lifetime of
devices made using a solution coating process is critical.

Almost all small molecules can be blade-only coated if the
solubility is a mere 0.1 wt%, as in certain general organic
solvents. Therefore, blade coating enables realizing an ex-
act optimized vacuum-deposited OLEDs structure through
a solution coating process without any chemical modifica-
tion. Redesigning materials and device structures is unnec-
essary. Such a fabrication platform solves the dilemma of
balancing performance and cost in the production of

OLEDs.
2. Experiment

Thin film and device fabrication
Figure 1 shows the procedure of the blade-only method.
All the organic layers of the OLED devices in this study
were fabricated using blade-only coating. We used a pi-
pette to deliver the solution to the gap between the blade
and the substrate. The organic solution was spread in the
gap through capillary action. Subsequently, the blade was
driven and the wet film completed the formation. Finally,
we used hot wind and a hotplate to dry the wet film. The
wet film rapidly formed a dry film. The processing details
regarding the blade-only method have been previously
reported. [1] The red emitter PER54 of the phosphorescent
device was provided by e-Ray Optoelectronics Tech-
nology Co., Ltd. The devices exhibited co-dopants
BUBD-1 and p-bis(p-N,N-diphenyl-aminostyryl)benzene
(DSA-Ph) in a stable high-band gap host
2-Methyl-9,10-bis(naphthalen-2-yl)anthracene (MADN).
[2, 3] The LiF (0.8 nm) / Al (100 m) cathode was formed
through thermal evaporation in a vacuum (3 x 10°® Torr).
The device structures were as follows:

Device A: ITO (270 nm)/PEDOT:PSS(40 nm)/NPB(30

nm)/NPB:45%26DCzPPy:10%PER54(30 nm)/TPBI(35

nm)/LiF(0.8 nm)/AI(100 nm).

DeviceB: ITO(270 nm)/PEDOT:PSS(40 nm)/VB-FNPD(30

nm)/MADN:3%BUBD-1:0.1%DSA-Ph(50 nm)/TPBI(30

nm)/LiF(0.8 nm)/AI(100 nm).

DeviceC:ITO(270 nm)/PEDOT:PSS(40 nm)/VB-FNPD(30

nm)/MADN:3%BUBD-1:0.1%DSA-Ph(50 nm)/Alq;(10

nm)/LiF(0.8 nm)/AI(100 nm).

The electroluminescence characteristics of the OLEDs were

measured using Keithley 2400 and PR655 SpectroScan

spectrometers.
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3. Results and Discussion

The red emitter PER54 was designed for vacuum deposi-
tion, and the performance was high. We used this emitter to
fabricate the all-solution-process OLEDs and achieved sat-
isfactory efficiencies with 16.73 cd/A, 16.13 Im/W, and
4.89%. Alq; is not easily dissolved in general organic sol-
vents. In this study, we use methanol as a solvent for Alg;.
Because the concentration was 0.1wt%, Alq; was not com-
pletely dissolved, and material deposited on the bottom of
the solution remained. Therefore, we used a Teflon filter to
filter out the dissolved material and obtain a clear solution.
Subsequently, we used the clear solution to complete the
thin film through blade coating. Then, we used blade coat-
ing and spin coating to complete the film coating of Alqs.
Simultaneously, we used Atomic force microscopy to ob-
serve various methods for forming the film surface. Obvi-
ously we blade coating film surface coating of its Rms =
1.18 nm, on the contrary, by the spin coating a thin film
coating, the surface membrane of a clear projection and
Rms = 34.9 nm. Subsequently, we applied this Alq; in blue
fluorescent OLEDs, and achieved favorable characteristics.

2.,2'2"-(1,3,5-Benzinetriyl)-tris(1-phenyl-1-H-benzimidazol
e) (TPBI) is commonly used in OLEDs to achieve high
efficiency. However, previous studies have shown that
TPBI exhibits problems related to stability.[4] Alqj is rela-
tively stable but difficult to deposit using a solution process
because of its extremely low solubility in common organic

solvents resulting from the symmetrical molecular structure.

In this study, Alq
was successfully deposited through blade coating at a
considerably low concentration and was applied in blue
fluorescent OLEDs. The manufactured device exhibited a
peak current efficiency of 4.74 cd/A and a power efficacy
of 1.74 Im/W. The results demonstrated an effec-
tive method to replace instable ETLs by more stable ETLs
that exhibit low solubility. The large area device of the blue
fluorescent OLEDs is shown in Figure 4. The illuminated
area was 3 X 4 cm.
3. Conclusions
In summary, we developed a simple technique for fabri-
cating all-solution-processed red phosphorescent OLEDs
and blue fluorescent OLEDs. Only low solubility is re-
quired for the deposition, and the method was successful
for most common unmodified small molecules. We fabri-
cated all-solution-processed red phosphorescent OLEDs
with high current efficiency (16.73 cd/A) and blue fluo-
rescent OLEDs with favorable characteristics.
Figures and Tables
Table I EL characteristics of all-solution-processed OLEDs

Device Current efficiency Power efficiency
(cd/A) (Im/W)
A 16.73 16.13
B 5.75 29
C 4.74 1.74

Maximal efficiency
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Fig. 1 The procedure of the blade-only method.
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Fig. 2 AFM image of the Alq; film by (a) blade coating (Rms = 1.18
nm) and (b) spin coating (Rms=34.9).
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Fig. 3 The normalized EL spectrum of the all-solution-processed
OLEDs.

Fig. 4 The picture of operated blue fluorescent device.
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