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Stearic acid incorporating cadmium ions prepared as an Langmuir-Blodgett (LB) thin films were grown
onto aluminum coated glass substrate using different thicknesses to investigate the influence of cadmium
ions on the electrical properties of the stearic acid. Electrical properties were investigated by measuring
C-V and I-V curves at room temperature. The [-V curves show highly non-linear behavior with Schot-
tky conduction mechanism in a high voltage regime for LB film samples. Barrier potential heights were
calculated for the stearic acid LB films with and without cadmium ions. It was found that the Schottky
barrier is lowered due to the presence of Cd%* ions.

© 2009 Elsevier B.V. All rights reserved.

1. Introduction

Langmuir-Blodgett (LB) film technique is simple and low-cost
method to produce organic thin films. With this technique it is pos-
sible to control the thickness of the film in monolayer precision
[1,2]. So far various organic films which have potential applica-
tions in pyroelectricity, chemical sensor and biosensor as well as
optoelectronics have been grown successfully [3]. Nanoparticles of
semiconductors and metals have been an extremely active area of
research because of their interesting quantum confinement effect
on both optical and electronic properties [4]. Nanostructured II-VI
semiconductors, CdS and ZnS for example, have been studied very
intensively in recent time due to their industrial implementation
in nanoelectronic devices. CdS due to its low bandgap is one of
the most extensively studied material among the II-VI compounds.
A method for the formation of II-VI semiconductor nanoparti-
cles within Langmuir-Blodgett films of fatty acids was proposed
in 1980s [5]. This technique has now become very useful and
promising for the formation of various nanostructures for opto- and
nanoelectronic applications [6-9].

In order to understand the process of growing good quality
of these nanoparticles in LB films it is essential understand the
interaction between metal ions and organic films. The interac-
tion between the Langmuir layers of fatty acids and metal ions
has been studied since 1980s [10,11]. Pure G4-48PyP dendrimer
(dendrimer molecule (G4) with 48 pyridylpropoxy end functional
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group (48PyP)) and its complex with Fe?* ions have also been
investigated for the surface activity at the air-water interface
and the electrical properties of the ultra-thin dendrimer LB films
were investigated by studying the current-voltage characteristics
of metal/LB films/metal structure. In electrical properties, there is
a difference between pure G4-48PyP dendrimer LB film and its
complex metal ions. G4-48PyP dendrimer LB film with metal ions
had a larger current value than pure G4-48PyP dendrimer LB film.
This has been generated by the metal ions’ effect [12,13]. Pyro-
electrical activity in copolysiloxane/eicosylamine alternate layer LB
films incorporating Cd?* and Mn?"* ions is also investigated. Pyro-
electric results show that cadmium ion incorporation leads to a
significantly improved performance compared to the system with-
out metal ions [14]. Pyroelectric results of non-centrosymmetric
polysiloxane/eicosylamine alternate layer LB film show that dielec-
tric constant value of LB films with ions are much higher than LB
films without ions [15].

In this work, alternate layer of Y-type LB films of stearic acid and
Cd?%* incorporated stearic acid films which are important to grow
CdS nanoparticles have been deposited onto aluminium substrate
in the form of a metal/LB film/metal device to investigate influence
of Cd%* ions on electrical and optical properties of stearic acid.

2. Experimental details

The chemical structure of the stearic acid (C1gH3603) is dis-
solved in a 1:1 ratio of chloroform. The cadmium chloride was
dissolved in the subphase and 0.5 mg ml~! concentration of strearic
acid solution was used to produce LB film by spreading on the pure
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Fig. 1. The device structure of LB film for electrical measurements.

water surface. The pH value of the subphase is nominally main-
tained at 6. The deposition pressure of 22.5 mN/m is selected from
the surface area (m-A) isotherm of the solutions to produce Y-
type LB films in the thickness of the 5, 11 and 21 monolayer sets
onto glass and aluminized glass substrate for optical and electrical
measurements, respectively, by vertically dipping substrates into
the solution. Transfer speed onto the substrate was 10 mm/min.
The transfer ratio for stearic acid monolayer deposited onto the
substrate was calculated over 95. After transferring the films on
substrate, the time period of 15 min was allowed for the solvent to
evaporate. The temperature of the water subphase was controlled
by using Lauda Ecoline RE 204 model temperature control unit and
all experimental data were taken at the room temperature.

For electrical measurements the films grown on Al-coated sub-
strate were placed into a thermal evaporator for top electrode
fabrication right after the exposure. Top electrodes were fabricated
under 8 x 10~7 mbar vacuum by evaporating aluminium through
a mask which has 16 parallel; 1 mm x 15 mm sized opening inter-
digitated grids on it. The final structure in the form of metal/LB
films/metal configuration is shown in Fig. 1. Optical measurements
were taken by Perkin Elmer Lambda-2 UV-vis spectrometer. For
electrical measurements HP 4192A impedance analyzer, Keithley
228A current source, Keithley 6514 voltmeter, and Keithley 485
ampermeter were used. All the data were taken automatically by
using GPIB interface card and labview data acquisition software.

3. Results and discussion

Film transfer from solution onto substrate and monolayer
growth on the substrate was verified using UV-vis absorption spec-
tra. Fig. 2 shows the UV-vis absorption spectra of the 11 and 21
monolayers thick LB film samples and the inset in Fig. 2 shows
the chemical structure of stearic acid. When the number of layers
is increased, the wavelength of the absorption peaks of the films
remained unchanged, while the intensities of the peaks increase
accordingly. The increase in absorption in 21 monolayer sample is
due to the increase of thickness of the sample which has 10 mono-
layer more layers as opposed to 11 monolayer sample. It indicates
that LB film monolayer deposited onto the substrate. From the Fig. 2
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Fig. 2. UV absorption spectra for 11 and 21 multilayer LB films.
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Fig. 3. Room temperature [-V graph of the films stearic acid and stearic acid incor-
porating Cd?* films.

the absorption per monolayer is calculated as % 0.15 at 400 nm
wavelength.

Electrical properties of the samples are investigated by mea-
suring I-V characteristics. Fig. 3 shows the room temperature [-V
graph of the 5 and 11 monolayer thick stearic acid and stearic acid
incorporating Cd2* films. All the samples show high non-linearity
at high voltages. The films without Cd2* ions have symmetric I-V
curves and the breakdown voltage is around 1.7 V. Upon incorpora-
tion of Cd2* ions, however, regardless of thickness the I-V curve of
the films become asymmetric and the breakdown voltage changes
from 1.7 V to approximately 0.5 V. As seen from the figure the break-
down voltage is very definite and it causes the current flow through
the LB films drastically. At forward bias, there is no change in I-V
curve of the 11 monolayer thick sample but there is slight change
for the 5 monolayer samples.

In order to explain conduction process through LB films and the
effect of the Cd?* ions on conductivity InJ versus V!/2 has been
replotted in Fig. 4 for all the samples in the voltage range corre-
sponding to the exponentially increasing current regime. As seen
from Fig. 4 the relation between InJ and V!/2 shows rather linear
dependence. The linear dependence suggests that conduction is
governed by either Poole-Frankel or Schottky mechanism [16]. It
is difficult at this point to determine theoretically which mecha-
nism is responsible for conduction process. However, we can make
basic assumptions and extract some physically acceptable informa-
tion. If we assume, conduction is governed by Schottky conduction
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Fig.4. Plotoflnjvs. V"2 for different layers stearic acid and stearic acid incorporating
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Table 1
Calculation details for barrier height energy.
Molecules Number InJ (V=0) Schottky barrier
of layers height ¢ (eV)
Stearic acid 5 —24.56 1.26
11 —24.61 1.26
Stearic acid incorporating Cd?* 5 —25.79 1.29
11 —24.45 1.26
—m— 5 layers sicaric acid
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Fig. 5. C-fgraph of 5 layer stearic acid and stearic acid incorporating Cd?*.

mechanism, which is given by [17]:

—e
Ischorty = AST? exp (222 + B2 (1)
where A is the Richardson constant, S is the metal contact area, T is
absolute temperature, e is the electronic charge, k is the Boltzmann’s
constant, ¢ is the potential barrier, V is the applied voltage, and 8
is the Poole-Frankel field-lowering coefficients given by:

e e 1/2
ﬂpF:ﬁ(?%&d) (2)

here ¢, is the dielectric constant of the films, &, is the permittivity
of free space, and d is the film thickness.

The intercept of the linear curve with the InJ axis at V=0 can be
expressed in terms of barrier height (¢) and temperature using Eq.
(1):

InJ = In(AT?) — (%) ¢ 3)

The calculated barrier heights of the 5 and 11 monolayer thick
samples with and without Cd2* incorporation are summarized in
Table 1. The samples incorporating Cd2* ions have slightly different
barrier height than the stearic acid samples regardless of thickness.

In Fig. 5, the dielectric properties of stearic acid incorporat-
ing Cd%* LB films were plotted by measuring the variation of the
capacitance as a function of frequency for metal/LB film/metal
structures at room temperature. The value of the capacitance of
stearic acid incorporating Cd%* samples exhibits small decrease
with the increasing frequency and then it increases for higher
frequencies while the capacitance of stearic acid show steady
decrease even at higher frequencies. If we assume, stearic acid

and stearic acid incorporating Cd%* LB films have the same thick-
ness which is nearly equal to a chain-length of a stearic acid
molecule, i.e., 2.5nm [18] and considering the system as a plane
capacitor C=(er&,A)/(df) we can conclude that stearic acid incor-
porating Cd2* LB film’s dielectric constant (s;) is higher value than
stearic acid film’s. Stearic acid incorporating Cd2*’s dielectric con-
stant has been calculated 4.62 (stearic acid incorporating Cd2*
monolayer thickness is 2.51 nm/layer [5]). Another work carried
on metal-insulator-semiconductor structures fabricated using 40-
layers-thick LB film of stearic acid incorporating CdS nanoparticles
on hydrophobic n-type silicon (n-Si) substrate and the dielectric
constant of the CdS embedded stearic acid LB film is found to be 5.1
[19].

4. Conclusion

In this paper, stearic acid thin films were grown in various layer
thickness on both glass and aluminized substrates with LB tech-
nique. After the growth some of the films were doped with CdCl,
solution. The thickness of the samples which have different layers
was verified using UV-vis spectra. By assuming Schottky conduc-
tion mechanism the average LB film/barrier height was found to be
as 1.29 eV for stearic acid incorporating Cd2* samples and 1.26 eV for
stearic acid samples, respectively. It is found that Cd2* incorpora-
tion influences the breakdown voltage, barrier height and dielectric
constant of stearic acid LB films.
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