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Solution-processed cesium carbonate doped electron
transport layer for multilayered polymer light emitting

devices
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Efficient multilayered high yellow polymer light-emitting devices were successfully fabricated using a solution-processed n-
doped small molecular electron transporting layer composed of 1,3,5-tris(N-phenyl-benzimidazol-2-yl)-benzene (TPBi) and
Cs2CO0Os. We found that the electroluminescence properties of the devices with CsCOsz-doped TPBi electron transport
layers (ETL) are significantly improved. The maximum luminance efficiency of the device with Cs>COs doped TPBi ETL
reached 6.7 cd/A, which is 20% higher as that of the undoped device. These results demonstrate that Cs ,COz can be used

as an effective n-dopantin solution-processed devices.
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1. Introduction

Organic/Polymer light emitting diodes
(OLEDs/PLEDs) have received a considerable attention
for display and lighting applications due to their wide
viewing angle, easy fabrication process and flexibility. The
light emission performance of OLEDs depends on several
important parameters such as charge balance factor,
internal and external quantum efficiencies, and efficient
charge carrier injection and transport. Among these, good
charge carrier injection without any barrier is always
desirable for the high performances of OLEDs [1-6]. The
work function difference between the electrode and
emissive layer forms and energy barrier for charge
injection, which results in poor device performance. One
of the possible approaches to improve the light emission
performance of OLEDs is by using efficient charge carrier
injection layer. Generally, indium-tin-oxide(ITO) used as
an anode n the OLED devices due to their high
transmittance and a high work function value with low
energy barrier for hole injection. In contrast, the work
function of reflective aluminum cathode is not suitable for
election injection. Therefore, various electron injection
materials are reported especially inorganic materials such
as magnesium (Mg), lithium fluoride (LiF), lithium
Chloride (LiCl), cesium chloride (CsCl),and which is used
for reducing energy barrier between cathode and the
electron transport layer. But these materials have
disadvantages owing to high deposition temperature,
narrow thickness margin, and hard to control deposition
process. Instead of these inorganic materials, metal-
organic ligand complexes such as lithium 8-quinolate(Liq)
and Lithium 2-(2-pyridyl)phenolate(LIPP) are reported for
low temperature process, wider thickness process margin,
ad easily controllable deposition process. Recently several
research reports on modified metal-organic ligand

complexes. However, considerable method to design new
efficient electron injection complexes for high
performance of OLEDs is poorly reported [6-15].

However, the effectiveness of these buffers or election
injection materials is very sensitive to the choice of metal,
and only Al has been found to provide good device
performance. Similar to inorganic semiconductor electrical
doping in organic semiconductors can be an alternative
approach to enhance the carrier injection, transport and
resulting in enhanced device performance [11-21]. The
most widely investigated n-type dopants for the ETL are
alkali metals. However, these approaches are difficult
because the material is highly reactive to be oxidized and
highly diffusive in an organic matrix, which causes the
quenching of excitons in the emissive layer [22-30].

However, a vacuum-deposited ultrathin alkali salt
buffer layer is usually inserted between solution-processed
ETL and cathode to reduce electron-injection barrier. As
an alternative approach, n-doping can enhance electron-
injection and transport of ETLs. The n-doping of ETL is
typically realized by co-evaporating the electron-transport
materials with a strong electron donor like Cs,CO;3, LiF
and LiN3 [23]. \ery recently, n-doping of small molecule
electron transport materials by alkali carbonates
(Cs,CO5 and Li,CO3) have been developed by solution-
processing [22]. It has been reported that, the n-doped
ETLs show considerable reduction in driving voltage and
improvement in device efficiency compared to a
conventional device [23].

In this work, we present efficient multilayer PLEDs
using Cs,CO3; as an effective n-dopant for solution-
processed ETLs. We found that the solution-processed n-
doped ETLs exhibited smooth surface morphology.
Incorporation of the dopant into TPBi significantly
improved the performances of the devices. The devices
exhibit high current efficiencies of 6.7 cd/A (Cs,COs



Solution-processed cesium carbonate doped electron transport layer for multilayered polymer light emitting devices 165

doped TPBi) which are 20% higher than that of the
reference device with undoped (TPBi) ETLs.
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Fig. 1. Chemical structure of the organic materials and a
typical device structure of the PLED used in this study

2. Experimental

The Hole-injection material poly(3,4-
ethylenedioxythiophene):poly (styrenesulfonate)
(PEDOT:PSS, P VP Al 4083) and the yellow-emitting
material (High Yellow; HY-PPV) were purchased from H.
C. Starck Inc. ad Merck respectively. A multilayer PLED,
with a structure of glass/ITO/PEDOT:PSS/HY-
PPVITPBI/Ca/Al, was fabricated by subsequent
procedures to investigate its optoelectronic characteristics.
A glass substrate coated with an ITO conductive layer was
successively deposited with PEDOT:PSS as the hole-
injection layer, HY-PPV as the emitting layer, TPBi,
layer as the electron transporting layer, and calcium and
aluminum as the metal cathode. The ITO-coated glass was
washed in an ultrasonic bath successively using a neutral
detergent water, de-ionized water, acetone and 2-propanol,
followed by treatment in a UV-o0zone chamber. A thick
hole-injection layer of PEDOT:PSS was spin-coated on
top of the cleaned ITO glass and annealed at 120 °C for
30 min in a dust-free atmosphere. The emitting layer
(EML) was deposited by spin-coating the HY-PPV
solution on top of the PEDOT:PSS layer and annealed at
80 °C for 30 min to remove the residual solvent. An
electron transport layer of Cs,CO3; doped TPBi was spin
coated on emissive layer, followed by drying for 30 min
70 °C under an insert atmosphere. Finally, Ca and
aluminum were deposited in an evaporation chamber at
about 2x10° Torr with respective thermal-deposition
rates of 0.01nnmv/s and 0.1 nm/s. For the measurement of
device characteristics. Current density-\bltage(l-V) and
Brightness-\b ltage(B-V) changes were measured using a
power supply (keithley 2400) and a fluorescence
spectrophotometer(Ocean optics usb 2000), and the

luminance was further corrected by SpectaScan PR650
spectrophotometer. Current efficiency efficiency was
calculated from the I-L-V characteristics curves. The
devices were fabricated under ambient conditions with the
subsequent optoelectronic measurements conducted in a
glove-box filled with nitrogen. The active area of the
Electroluminescence(EL) devices by overlapped of the
ITO and the cathode electrodes was 6 mm?. The device
configuration and molecular structure of HY-PPV and
TPBi are shownin Fig. 1.

3. Results and discussions

TPBi is widely used as electron transport layer for
OLED devices due to its high triplet energy level (2.73 eV)
and appropriate lowest unoccupied molecular orbital
(LUMO) level (2.7 eV). In addition, TPBi is soluble in the
polar solvents, such as formic acid, methanol and ethanol,
which faciliates multilayer devices to be fabricated by
solution-processing. The film-forming properties of the
organic functional layers are important for the devices in
connection with their performance [30].
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Fig. 2. Current density-Voltage curves of the devices using Al,
Ca/Al TPBI/Ca/Al and Cs,CO5:TPBi/Ca/Al as the device cathode
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Fig. 3. Brightness-voltage curves of the devices using Al, Ca/Al
TPBI/Ca/Al and Cs,CO3:TPBIi/Ca/Al as the device cathode
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Fig. 2 shows the current density-voltage
characteristics of the Al cathode, Ca/Al cathode,
TPBi/Ca/Al cathode and Cs2COj:TPBi/Ca/Al cathode
devices. As the Current density-voltage curves depict that,
the TPBI cathode device shows the highest current density
while that of the Al cathode device is the lowest.The
OLED with the TPBIi/Ca/Al cathode and Cs,CO3:TPBi
/CalAl cathode exhibits the I-V characteristics of a diode.
The injected current is much higher than that of a device in
which Al and Ca/Al are the cathode, at a given bias
voltage. This is due to the carrier mobility difference
between the electron transport layers, as well as the energy
barrier difference between the electron transport layers and
emissive layer. Fig. 3 shows that brightness-voltage
characteristics of the Al, Ca/Al, TPBi/Ca/Al and
Cs,CO5:TPBi /Ca/Al cathode devices. The light turn-on
voltage is brought forward to 3.3 V for the device with the
Cs,CO3:TPBi /Ca/Al cathode, which is 5.6 V for the
device with the Al cathode (inset of Fig. 3 shows that log-
log scale brightness-voltage characteristics). The higher
injected current and the forward shift in the light turn-on
voltage to the lower bias condition for the device with the
Cs,CO5:TPBi /Ca/Al cathode are attributable to the
improvement in the electron injection through the Al
cathode.

8% r r I
—m— Al
74 —e— Ca/Al
—A— TPBi/Ca/Al i
| Yy —v— Cs2CO3:TPBi/Ca/Al
6 YVvy .

Current Efficiency (cd/A)

. T - T T T T T
0 100 200 300 400
Current Density (mA/cm®)

Fig. 4. The current efficiency versus current density for
the devices applying Al, Ca/AITPBi/Ca/Al and
Cs,CO3:TPBI/Ca/Al as the device cathode

Fig. 4 shows that current efficiency versus current
density of device with an Al cathode, Ca/Al cathode,
TPBi/Ca/Al cathode, and Cs,CO5:TPBIi/Ca/Al cathode.
The maximum current efficiency of the device with the
Cs,CO3:TPBi/Ca/Al cathode is 6.7 cd/A(bias voltage at 6V,
68.31 mA/cm?, 3641 cd/m,), while that of the only Al
cathode device is 1.44 cd/A (bias voltage at 8.2V, 233.3
mA/cm?, 335.9 cd/m?), device cathode Ca/Al is 3.8 cd/A
(bais voltage at 6.1V, 53.9 mA/cm? 2900 cd/m?) and
TPBi/Ca/Al cathode is 5.45 cd/A (bias voltage is 6.2V,
67.02 mA/cm?, 3289 cd/m?). Polymer light-emitting
diodes employing a soluble small molecular materials and
Cs,CO3 blended interfacial layer as the electron-injection

layer exhibit remarkable enhancement in the performance
of solution-processed devices. This simple concept of
using the TPBi:Cs,CO; blended interfacial layer could
become greatly attractive in the future when large are
PLEDs are fabricated under atmospheric pressure. This
work is thus anticipated to be helpful and valuable for the
development of solution processed devices.
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Fig. 5. Normalized EL spectrum of characteristics of Al,
Ca/Al TPBI/Ca/Al and Cs,CO5:TPBIi/Ca/Al as the device
cathode

The normalized electroluminescence (EL) as a
function of the emission wavelength(hm) of PLEDs with
Al, Ca/Al TPBI/Ca/Al and Cs,CO3:TPBi/Ca/Awere shown
in Fig. 5. The yellow shift could be due to the oxidative-
degradation of HY-PPV caused by the Cs,CO; and TPBi
on top of it. To assure that whether the spin coated of
Cs,CO3 and TPBi can generate an oxidative-degradation.

4. Conclusions

In summary, we present multilayered PLEDs by
solution processing using Cs,CO3; doped TPBi as an n-
doped electron transport layer. The device with n-doped
ETL were found to achieve significantly enhanced
performance. Compared to the control device with un-
doped TPBi as ETL, the current efficiency of n-doped
device is enhanced, and the turn on voltage is reduced
significantly. The device has a maximum brightness of
31577 cd/m? and current efficiency 6.7 cd/A, which are
23500 cd/m and 5.45 cd/A of the undopedTPBi cathode
device respectively. These results demonstrating that the
solution processing of n-doped small molecular electron
transport layer is a promising strategy for applications in
fully solution processed multilayered organic electronic
devices.
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