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Junction properties and conduction mechanism of new terbium complexes with
triethylene glycol ligand for potential application in organic electronic device
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Abstract: Terbium-picrate triethylene glycol (EO3-Tb-Pic) complex was prepared in thin film and single layer device structure of
ITO/EO3-Tb-Pic/Al, using spin coating technique. The UV-Vis absorption spectroscopy analysis was performed to evaluate the elec-
tronic molecular transition of the complex. The optical band gap, E,estimated from the Tauc model revealed that EO3-Tb-Pic thin
film exhibited a direct transition with £, of 2.70 eV. The electronic parameters of the ITO/EO3-Tb-Pic/Al device such as the ideality
factor n, barrier height @, saturation current /,, and series resistance R, were extracted from the conventional In/-V, Cheung’s func-
tions and Norde’s method. It was found that the evaluated parameters calculated from Norde’s and Cheung’s methods were consistent
with those calculated from the conventional /- method. In the double logarithmic /-V plot, three distinct regions based on the slope
were identified, and the conduction mechanisms were discussed and explained. The mobility, x« value was estimated from SCLC re-

gion as 2.58x1077 cm?/(V-s). This newly obtained lanthanide complex may be potentially utilized in electronic devices.
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Lanthanide complexes are one type of optoelectronic
functional material that has been used in the organic
semiconductor application, especially in organic light
emitting devices (OLED)!"\. Their attractive features that
offer nearly monochromatic luminescent emitters with
emission peaks covering a broad spectral range in the
visible region have fascinated researchers for decades
The excellent pure emission possessed by these materials
is known to originate from their specific electronic
structure that is due to the f-f transitions in the 4f orbitals
which is well shielded by closed 5s and 5p shells® ™.
Therefore, the emission characteristic from these materi-
als is expected to be very narrow and leads to the high
radiative quantum yield. This particular property makes
lanthanide complexes, especially europium (Eu) and ter-
bium (Tb) attractive candidates employed as an elec-
troluminescence emitter in OLED!,

Terbium-picrate triethylene glycol (abbreviated here-
after as EO3-Tb-Pic) is of special interest to many re-
searchers. It is because the acyclic polyether ligands
possess a pseudo-cyclic like crown ether conformation
which will provide greater stability for the complexes'..
Moreover, the ability of the triethylene glycol (EO3)
ligand to satisfy the coordination requirements of the
Ln(1II) center with a high coordination number is an im-
portant criterion in the design of a green emitter center

[1-3]

for applications associated with organic light emitting
diodes (OLEDs)!®. The promising result from photolu-
minescence reported from our previous work indicated
that EO3-Tb-Pic is a suitable candidate as organic semi-
conductors, especially in OLED application®. However,
the previous research on EO3-Tb-Pic focuses mainly on
the innovations in crystallography, structural and photo-
luminescence properties. Less attention has been paid on
the electrical properties, despite the fact that they are the
main factors that affect the device characteristics of an
OLED. Moreover, a comprehensive knowledge regard-
ing the electrical behavior of metal/organic semiconduc-
tor and charge conduction mechanism at an interface is
essential as it is among the main factors that will also re-
flect and influence the device behavior.

Current-voltage (/-V) measurement plays an important
role in characterization of device parameters. It has been
proven to be one of the techniques for identifying and
characterizing the charge conductions phenomenon in
various organic semiconductor materials. Moreover, the
various electronic parameters of electrical behavior of
EO3-Tb-Pic/Al interface may lead to the estimation of
several electronic parameters such as the ideality factor,
n, barrier height, &y, saturation current, I, and series re-
sistance, R;.

As an extension of this work, the optical behavior of
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EO3-Tb-Pic in the thin film form was further analyzed
by assessing the UV-Vis absorption measurement. Their
band gap transition and optical band gap, £, was deter-
mined by using the Tauc model. The electrical behavior
and device characteristic of ITO/EO3-Tb-Pic/Al were
evaluated by means of current-voltage measurement. The
charge conduction mechanism was predicted through the
double logarithmic /-V plot according to the power law
relation whereas the estimation of the electronic parame-
ters was made via the well-known modified Shockley
equation by assuming the thermionic model. Three dif-
ferent methods which are the conventional In /-7 method,
the Cheung’s function and the modified Norde’s function
are utilized to extract these electronic parameters.

1 Experimental

@ oll

026A
©) - :
Aluminium electrode deposit
by thermal evaporator
deposition rate=0.05 nm/s
pressure=10-5 mbar
EO3-Tb-Pic

y

Y

Glass coated ITO substrate

lgJ

JOURNAL OF RARE EARTHS, Vol. 32, No. 7, July 2014

1.1 Device fabrication and measurement

The molecular structure of EO3-Tb-Pic compound is
shown in Fig. 1(a) and details on the synthesisation
method employed were similar to those described else-
where!™. In order to fabricate the organic semiconductor
device, the EO3-Tb-Pic thin film was spin coated to an
overall of 330.6+0.1 nm over the glass and indium tin
oxide (ITO) coated glass substrates. Consequently, top
contact aluminium (Al) electrode was thermally evapo-
rated on top of the EO3-Tb-Pic thin film at a pressure of
approximately 10 Pa with a deposition rate of 0.5 A/s.
The schematic diagram of the single-layer device con-
figuration, ITO/EO3-Tb-Pic/Al, is shown in Fig. 1(b).
Analysis of the optical properties of EO3-Tb-Pic thin
film was performed using UV-VIS/NIR Spectrometer
(model Jasco 570). The electrical properties of ITO/EO3-
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Fig. 1 Molecular structure of EO3-Tb-Pic compound (a), device structure of ITO/EO3-Tb-Pic/Al (b) and three different regime of

charge transport in the organic semiconductor layer (c)
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