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Influence of Thermal Annealing on The Structural
Properties of Vanadyl Phthalocyanine Thin Films: A
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Abstract- This paper presents a comparative study on
Vanadyl Phthalocyanine (VOPc) thin films deposited by ther-
mal evaporation and spin coating techniques. The samples
were prepared on cleaned glass substrates and annealed at
various temperatures ranging form 95°C to 155°C'. To obtain
the morphological and structural properties of VOPc thin
films, X-ray diffraction (XRD) technique and atomic force
microscopy (AFM) have been implied. The AFM topographic
images show a very slight difference in the thermally grown
films, before and after annealing, however best results are
achieved for the spin-cast film annealed at 125°C. The XRD
spectra show no existence of the sharp peaks, suggesting the
material to be amorphous. The humps in the XRD patterns
indicate the presence of some crystallites.
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I. INTRODUCTION

N recent years the phthalocyanines have acquired sig-

nificant interest among organic semiconductors, due to
their chemical and thermal stability [1],[2]. Phthalocyanines
are found in different phases i.e. a-, 5- and y-phases [3].
Metal-substituted and metal free phthalocyanines are readily
used as active layer in several applications such as gas
sensors [4], photocapacitive and photoresistive detectors [5],
OTFTs [6], colour filters [7] and organic laser materials [8].
Metal phthalocyanine complexes, occuring mostly as colour-
ing materials, have been explored regarding their properties
as pigments for printing inks, coatings, paints and plastics
[9]. To explore the potentially interesting properties of the
material, structural and morphological characterization is thus
considered as a prerequisite for deep insight knowledge of
the material. These structural properties mostly depend on
the deposition technique, the heat-treatment temperature and
the conditions during film deposition. Annealing process is a
broadly employed method to enhance the quality of the crystal
and exploit structural defects in the material. During thermal
annealing, the morphology and structural properties of the
material change. For semiconductor devices like light emitting
diodes the structural properties are very important, therefore,
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it is essential to investigate how thermal annealing process
affects these properties [10]. The effect of thermal annealing
process on the surface morphology and structural properties
of cobalt phthalocyanine, tin phthalocyanine [11],[12] have
been studied. Ye et al. have investigated the effect of different
annealing temperatures on the structural and optical properties
of fluorinated copper phthalocyanine/a-sexithiophene hetero-
junction thin films [13]. Vanadyl phthalocyanine (VOPc) is a
macrocyclic green color compound whose structural properties
under different annealing temperatures are rare exploited,
however structural and spectroscopic characterization of VOPc
thin films fabricated by vacuum deposition has been carried
out [14]. In the present work, thin films of VOPc have
been fabricated on glass substrates by vacuum deposition
and solution processing techniques. A detailed study on the
effects of post fabrication thermal annealing on the surface
morphology and structural properties has been performed by
atomic force microscopy (AFM) and X-ray diffraction. Hence,
the purpose of our work is to find the optimal temperature for
which the film produces best structural properties.

II. EXPERIMENTAL

The molecular structure of vanadyl phthalocyanine is given
in F'ig.1. VOPc was purchased from Sigma Aldrich and was
used as obtained without further purification. Prior to the
deposition of VOPc thin films, the substrates were thoroughly
cleaned by immersing them in detergent for 15 min and sub-
sequently putting them in the solution of acetone and ethanol
sequentially. Finally, the cleaned glass substrates were blown
with dry nitrogen. The pressure during deposition process
was upheld at 10~5mbar. The VOPc films were sublimed on
carefully cleaned glass substrates at room temperature. The
thickness of the deposited VOPc films and the rate of deposi-
tion was maintained at 150nm and 0.1—0.2nm/s respectively,
using FTMS5 quartz-crystal thickness monitor. For the solution
processed films, the VOPc was dissolved in chloroform to
yield 30mg/ml solution. Thin films of VOPc were formed
on the cleaned glass substrates by spin coating and thermal
evaporation techniques. One thermally deposited film and one
spin coated film are selected before any further temperature
treatment and are referred as pristine film. The pristine samples
were taken as a reference in comparative experiments. The
rest of the thin films were subjected to thermal annealing
treatment for 20min at different temperatures (ranging from
95°C' to 155°C). Atomic force microscopic (AFM) images
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Fig. 2: 3-D AFM topographic images of VOPc thin films spin
coated on glass substrates; scan size is 5 umx5 pm: (a)
pristine and annealed at (b) 95°C, (c¢) 125°C and (d) 155°C.

were measured in tapping mode using Digital Instruments
Veeco D3000 microscope. The X-ray diffractograms were
recorded using a Siemen D5000 diffractometer. The radiation
was monochromatized C'u-K, beam of average wavelength
0.154056 nm.

III. RESULTS AND DISCUSSION

The influence of thermal annealing on the morphology
of solution-processed thin films of Vanadyl Phthalocyanine
prepared on glass substrates, is depicted in F'ig.2.

The films were annealed at three different temperatures i.e.
95°C, 125°C and 155°C. It can be observed from the figure
that the morphology of the pristine film shows a smooth and
uniform surface without any distinct features. The root mean
square (rms) roughness of the pristine film and the samples
undergone thermal treatment, at different temperatures for a
period of 20 minutes, equals 0.286 nm, 0.369 nm and 0.5 nm
respectively. The best results can be seen for the film annealed
at 125°C.

The VOPc thin films, after being thermally annealed, show
relatively rough and non-uniform surface, suggesting the for-
mation of interpenetrating molecular network of VOPc. Upon
annealing of the film at temperature equal to 155°C' and above,
deterioration feature is observed due to degradation of the
film. From the application point of view, the higher efficiency
devices are obtained from the film of greater roughness [15].

Fig. 3 shows 5 um x 5 um AFM topographic images of
thermally evaporated thin films of VOPc. The rms roughness
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Fig. 3: 3-D AFM topographic images of VOPc thin films ther-
mally deposited on glass substrates; scan size is 5 umx5 um:
(a) pristine and annealed at (b) 95°C', (c) 125°C' and (d)
155°C.

of the pristine film is 0.803 nm while thermally treated thin
films at temperatures of 95°C, 125°C and 1550C exhibit
the roughness of 0.915 nm, 1.192 nm and 2.175 nm, re-
spectively. The obtained roughness values of the thermally
evaporated thin films reveal a very slight difference in the
surface roughness of the pristine film and films undergone
thermal annealing. The AFM 3-D height images do not
exhibit significant change induced by thermal annealing in the
structure of the pristine and thermally annealed films. Part of
the film annealed at 155°C' appears to evaporate as in the case
of spin-cast annealed films.

A comparative study from the results obtained for the
spin-cast films and thermally evaporated films demonstrates
that surface roughness and non-uniformity in the solution
processed films increase upon thermal annealing whereas
the thermally deposited films show almost no difference in
the surface morphology before and after thermal treatment.
Another significant finding is that the thermally deposited films
are coarser and rougher than the spin coated films making them
more suitable for high efficiency dependent applications.

The X-ray diffractograms of solution processed VOPc thin
films before and after undergoing various annealing temper-
atures of 95°C, 125°C' and 155°C are presented in Fig.4
whereas Fig.5 depicts the XRD spectra of thermally evap-
orated VOPc thin films (pristine and annealed). The films
show almost no change in the X-ray diffraction patterns. It
can be deduced from broad diffraction maxima displayed in
the XRD spectrum that no crystal structure is present, due to
low X-ray intensities [16]. The diffractograms exhibit broad
humps which indicates that the material used as an active
layer is amorphous [17]. The absence of any significant peak
in pristine and annealed samples reveals that the films lack
crystalline quality and are predominantly amorphous in nature.

The close look at the XRD patterns of the spin-coated
and thermally deposited thin films of Vanadyl Phthalocyanine
suggests that humps contained in the X-ray diffractograms of
thermally evaporated films have a little higher and narrower
as compared to the solution processed thin films.
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Fig. 4: X-ray diffraction patterns of VOPc thin films spin
coated on glass substrates: (a) pristine and annealed at (b)
95°C, (c) 125°C and (d) 155°C.
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Fig. 5: X-ray diffraction patterns of VOPc thin films thermally
deposited on glass substrates: (a) pristine and annealed at (b)
95°C, (c) 125°C and (d) 155°C.

IV. CONCLUSIONS

By comparing the AFM and XRD results of both thermally
deposited and solution processed films, we can draw the
following conclusions. By analyzing the the AFM topographic
images, we found that there is a significant influence of
annealing on the surface morphology of spin coated films as
compared to the films deposited by thermally evaporation. The
spin-cast film annealed at the temperature 125°C showed a
rough and non-uniform surface due to the increased number of
absorption sites. The surface roughness of thermally deposited
thin films is much greater as compared to spin coated films,
which makes it useful for high efficiency devices. The increase
in the temperature beyond 155°C' has disrupted the film
formation and a part of the film is evaporated. The existence
of the humps in the XRD patterns of both types of fabricated
films suggests the presence of a few crystallites.
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