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Electrical, structural and surface morphological properties of Iron hexadecachloro
phthalocyanine thin films deposited onto glass substrates are studied as a function of
post deposition annealing temperature in air. Organic semiconductors are extensively
used in optical and electronic devices such as organic photovoltaic solar cells (OSC),
thin film transistors (OTFT) and organic light emitting diodes (OLED). Metal
phthalocyanines are one of the most promising candidates to be used in the
fabrication of such devices. A No. of phthalocyanines have been extensively studied.
But not much work have been carried out in CljgFePc thin films. Basic characteristics
of CligFePc are not reported in literature. Hexadecacholoro phthalocyanines have
attracted interest as possible n-type organic semiconductor with high electron mobility
and good stability characteristics. In the present work we investigate the activation
energy of the CljgFePc thin films as a function of air annealing temperature. We
also report the film structure and surface morphology by X-ray diffraction (XRD)
and Scanning electron microscopy (SEM ).
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1. INTRODUCTION

In recent years, organic semiconductors have attracted a great deal of
attention due to their potential use in a wide range of technological
applications. Due to their interesting physical properties combined with the
low material cost make these organic compounds a strong candidate for the
electronic and optoelectronic devices. Phthalocyanines are a class of organic
dyes material that are weakly semiconducting. Phthalocyanines thin films
are used in gas sensing devices [1], photovoltaic devices [2, 3], thin film
transistors [4], organic light emitting diodes [5], and scattering diodes [6].
The light absorbing properties of the phthalocyanines in the visible and in
the infrared regions are of significant importance because of the current
interest in the conversion of solar to electrical energy [7]. For the
fundamental understanding as well as for the device fabrication, the study
of characteristics of the material is important. This can be carried out in
different ways viz, electrical, optical and structural studies. It is observed
that the electrical, optical and structural properties of Pcs are critically
dependent on film morphology, which in turn is determined by ambient
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parameters such as deposition rate, substrate temperature and post
deposition annealing [8].

Relatively few studies have been made on the halogenated MPcs although
there is evidence that they may exhibit properties suitable for gas sensing
applications [9]. The family of phthalocyanine (Pc) represents one of the
most promising candidates for ordered organic thin films, as these systems
possess advantageous attributes such as chemical stability and excellent film
growth, which result in optimized electronic properties [10].

Furthermore, they can be regarded as model systems for the entire class of
low molecular weight, flat organic molecules. Some of the above referred
applications are based on the semiconducting behavior of these materials in
thin film form. Besides, their favorable characteristics such as thermal and
chemical stability and insolubility in water, the ease and variety of film
preparation make phthalocyanines, very attractive for investigation. The
present work is focused on the electrical, structural and morphological
characterization of Iron Hexadecachloro Phthalocyanine (Cl;gFePc) thin film.

In this paper we report the electrical, structural and surface
morphological properties of as-deposited and heat treated CligFePc thin
films.
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Fig. 1 — Molecular structure of Cl;gFePc thin films

2. MATERIALS AND METHODS

CligFePc (C35Cl;6NgFe) powder procured from Sigma-Aldrich Chemicals (USA),
is purified by the train —sublimation technique using nitrogen as the carrier
and is used as the source material for thermal evaporation Thin films of
suitable thickness are prepared by vacuum sublimation from a resistively heated
molybdenum boat using a “Hind Hivac 12A4” coating system. Thin films are
deposited onto thoroughly cleaned rectangular glass substrates of dimension
4 cm x 1.2 cm x 1.0 mm at room temperature at a pressure of 10 ~ % Torr. The
thickness of the film is measured using a Dektac thickness profilometer and
is cross checked with Tolansky’s multiple beam interference technique [11].
Film thickness is typically 350 + 5nm. The thin films annealed in air for 1
hour at 373 K, 423 K, and 473 K in a furnace with a temperature controller
with recorder. Vacuum deposited silver, with an inter-electrode distance of
1cm, is used for the contact electrodes. Electrical conductivity
measurements are performed using a programmable Keithley electrometer
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model No.617. To avoid any possible contamination, measurements are per-
formed in vacuum at 10 ~ 3 Torr. Since phthalocyanines are photoconductive
[12], the measurements are done in darkness. X-ray diffractogramms of heat
treated samples have been recorded using a Brucker AXS D8 model. Scanning
electron micrograms of heat treated samples are taken by JOEL JSM scanning
electron microscopy images.

3. RESULTS AND DISCUSSIONS
3.1 Electrical Studies

Electrical conductivity studies on CligFePc thin films are carried out to
determine thermal activation energy and to study the effect of air annealing
temperature on the activation energy. In inorganic semiconductors the
semiconducting properties are brought about by thermal excitation, impu-
rities, lattice defects and non stochiometry. Holes in the valence band and
electrons in the conduction band contribute to the electrical conductivity.

The electrical conductivity o can be expressed as
o= Aexp( — E1/kgT) + Bexp( — Eo/kgT) + Cexp( — E3/kgT) + weeeeeee. (1)

Where o is the conductivity at temperature T, E{, E9, E3 are the thermal
activation energies, kg is the Boltzmann constant and A, B, C, etc. are the
pre-exponential factors.

The electrical resistances of the samples are measured using a
programmable Keithley electrometer. The electrical conductivity (o) is
calculated using the relation

o= L/Rbd (2)

Where L, b, d are the length, breadth and thickness of the film respectively.
R is the resistance of the film. Arrhenius plots of Ino vs 1000/T of CligFePc

thin films are made to study the dependence of the conduction mechanism
on annealing temperature 373 K, 423 K and 473 K. Here Figure (2a and 2b)

shows the Arrhenius plots of Ino vs 1000/T for the as deposited film and
473 K annealed film respectively.
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Fig. 2 — Plot of Inc vs. 1000/T for the as-deposited film (a); plot of Inoc vs. 1000/T
for the film annealed at 473 K
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There are three linear regions for the samples deposited at room
temperature, corresponding to three activation energies E;, E5 and Ej.
Three activation energies for the films MnPc, InPcCl and HyPc have already
been reported [13, 15]. The activation energy E; corresponding to the higher
temperature region is associated with the resonant energy involved in a
short lived excited state. E5 and Ej3 are associated with a short — lived
charge transfer between impurity and complex. E; corresponds to an
intrinsic generation process and E5 and Ej3 corresponds to the impurity
conduction [16]. The activation energy is determined within an accuracy of
+ 0.01 eV in all the measurements. There are many conduction mechanism
suggested for amorphous and nearly polycrystalline materials. According to
Davis and Mott [17], the formation of localized states has an important role
in the conduction of charge carriers. The activation energies E;, E5 and Eg
are collected in Table 1. The activation energy corresponding to the linear
regions are estimated from the slope of the graph. We have given three
activation energies for each sample and are given in Table 1.

Table 1 — Variations of activation energies with annealing temperatures

Annealing Temperature, K Activation Energy + 0.01 eV
E, E, E;
As-deposited 0.65 0.50 0.02
373 K 0.67 0.51 0.02
423K 0.69 0.53 0.03
473K 0.71 0.55 0.04

In the extrinsic region, the charge carriers move by hopping along with
ions and electrons [18]. Due to oxygen adsorption and restore the
exponential distribution of traps is restored. As-deposited sample may
contain different kinds of defects such as vacancies, grain boundaries and
dislocations which can be partially annealed out by the heat treatments,
resulting in a decrease in the density of defects [19].

The activation energy of CligFePc thin films is found to increase with
annealing temperature. The intrinsic activation energy E; for CligFePc thin
film for as-deposited film is obtained as 0.65 eV. This value rises up to
0.71 eV for film annealed at 473 K in air.

3.2 Structural Studies

Fig. 3 a, b show the X-ray diffractograms of the air annealed Cl;gFePc thin
films of thickness 350 £+5 nm at 373 K and 473 K respectively. Standard
data’s of CligFePc powder are not available in literature. The studies are
performed on the mean micro crystallite grain size L using Scherrer’s formula

L = KA/ ncosé

Where 1 =1.5406 A is the X-ray wavelength, 7 the width of the strongest
peak at half maximum intensity in radians, € is the corresponding Bragg
angle of the most intense peak. The Scherrer constant K has been assigned a
value of 0.9 for phthalocyanines [20]. Variation of Grain Size with air
annealing temperature is given in Table 2. Due to annealing the grain size
decreases and grain boundary increases.
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Fig. 3 — X-ray diffraction pattern of CligFePc at 373 K (a) and 473 K (b) air
annealed thin films

Table 2 — Variation of grain size with air annealing temperature of ClygFePc thin films

Annealing Temperature (K) Grain Size(nm)
373K 18
423K 15
473K 13

3.3 Surface Morphological Studies

The SEM of air annealed CligFePc thin films at 373 K and 473 K are given
in Figure 4 a, and b respectively.
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Fig. 4 — SEM images of air annealed CljgFePc thin films at 373K (a) 473K (b)

Film deposited at 373K has well defined surface with large crystal grain
structures. The fine grain crystallite on the 373 K films is transformed to a
structure of nature with agglomerated form.

The microcrystalline grain boundaries of Cl;gFePc thin films annealed in
air increases with increase of temperature. These films are polycrystalline in
nature. Surfaces of all the films are smooth and flat.
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4. CONCLUSIONS

Iron Hexadecachloro phthalocynine thin films have been prepared on glass
substrates by thermal evaporation technique. The basic electrical, structural
and morphological properties of CligFePc thin films have been studied.
Temperature dependence of electrical conductivity of the films is
investigated. In the temperature dependence of electrical conductivity plots,
more than one linear region is obtained. This confirms the existence of trap
levels. The thermal activation energies increase with increase of air
annealing temperatures. This can be due to better film ordering on
annealing. The variation in the extrinsic activation energies due annealing
can be attributed to the distribution of trapping states. The increase in
activation energy is due to the reversible change in molecular interactions
observed in chlorinated phthalocyanines, which are n-type semiconductors.
The increase in activation energy is due to the decrease in interaction of
molecular z-systems of the chlorinated phthalocyanine. This decrease in
interaction leads to an increased barrier of charge transport in the film and
hence the increase in activation energy. X-ray diffractograms and surface
morphology of samples annealed at various temperatures are analyzed. Most
of the films are found to be polycrystalline in nature. The microcrystalline
grain boundaries are found to decrease with increase of annealing
temperature and substrate temperature. The variation in grain size is small
as is observed from the XRD patterns. Surfaces of all the films are smooth
and flat. The SEM planar view adds supports to the XRD pattern.
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