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ABSTRACT

Effect of substrate temperature on optical and structural properties of thin films of Hexadecafluorophthal ocyanine
(F16CuPc) has been studied. Thin films of F1CuPc were deposited onto glass substrates using thermal evaporation
technique at different substrates temperatures. Sructural characterization has been carried using XRD analysis.
Average grain size has been found to be increasing with increasing substrate temperature. Optical characterization
has been carried out using the absorption spectra, at normal incidence, in range 200-900 nm. Absorption and
extinction coefficients of the films so obtained has been evaluated. Both of these have been observed to vary with
wavelength. The values of extinction coefficients have been found to decrease with increasing substrate temperature
whereas increasein Optical band gap energy, for direct allowed transitions, with increasing substrate temperature
has been noticed.
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INTRODUCTION

Organic semiconductors are emerging as possiblacements of inorganic semiconductors due to tbeircost of
production and ease of fabrication [1] . They hneepotential for use as flexible electronic desisach as foldable
displays etc. [2]. Semiconducting properties ofamig semiconductors are due to the presence ofigatgd double
bonds in their molecular structurd. orbitals are the most relevant orbitals for optobnic properties of organic
semiconductors [3]. The flexibility of synthesizimgpw molecules by changing either the functionaugs or
atomic arrangement, which in turn induces a chamglee electronic properties of new molecules, bedce makes
these organic semiconductors attractive candidatespto-electronic applications.

Metal Phthalocyanines are an important class oferieds for opto-electronic device applications. Mametal
phthalocyanines have been investigated for diffeapplications such as thin film transistors, plottaics and gas
sensors [4-6]. Copper Hexadecafluoropthalocyanimeam n -type, air stable, organic semiconductorh wit
applications in field effect devices and photovioka Structural and optical absorption propertieshin film form
are important parameters for the suitability fonaterial for opto-electronic device applicationsthe present work
the effect of substrate temperature on optical stndctural properties of Copper Hexadecafluoromttydnine
(F16CuPc) have been studied.
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MATERIALS AND METHODS

High purity Copper Hexadecafluoropthalocyaning;CriPc) was procured from Sigma-Aldrich (USA). Thilmé

of FigCuPc were prepared onto pre-cleaned glass sulsstrsiteg thermal evaporation technique in pressatteb
that 10> mbar using thin film vacuum coating unit (Hind Higyacuum, 12A4D). The rate of evaporation was
controlled and kept at 2-5 A° per sec. The thickneksthe films was monitored using quartz crystatkness
monitor. The thin films were deposited at substrigmperature of 303, 323 and 373K. The optical giiEm
spectra was obtained using UV-VIS spectrophotonm@ieermo Fisher, Evolution 300) in the range 200-86n. X-
ray diffractograms were obtained using X'Pert PPAN Analytical) diffractometer using Cu Kradiation § =
1.5A%) in the range 0-30°.

RESULTS AND DISCUSSION

The optical absorption spectra of thin films depexbiat different substrate temperatures have beanrsin fig. 1.
These spectra have been characterized by two rbajods i.e. B and Q band, both corresponding te n*
transitions. Absorption coefficient was calculated from obtained data and band gapcaiasilated using Tauc’s
relation [7] ;ahv = B(hv — E,)", where B is band edge parameter and value of ermdétes the nature of optical
transition (n = ¥ indicates direct transition and 2 indicates indirect transition). Variationtiveen @hv)? and v
has been recorded in fig. 2. Linearity of the delegte indicates direct transitions. Extrapolatimg linear regions
to ahv = 0 gives the value of band gap. Values of baru @aculated for films deposited at different sudst
temperatures are listed in table 1. It is found the optical band gap increases from 3.02 eVHerfiim deposited
at 300 K to 3.1 eV for film deposited at 373 K. Jlrian be related to the increasing crystallinityhaf films with
increasing substrate temperature. Optical progedfea material depend upon the interaction ofrttagerial with
electric field of the electromagnetic wave. Theirtton coefficient is a measure of damping of ith@dent wave
in the material [8]. The extinction coefficientssHaeen calculated using the relation d#.

Both the absorption and extinction coefficients #oend to vary with incident energy. Variation dbsarption
coefficient with energy is shown in fig.3 while thrariation of extinction coefficients with wavelghdor films at
different substrate temperatures is shown in fig. 4

X-ray diffraction spectra of the films depositeddéferent substrate temperatures are shown i5.figll the three
spectra show a strong peak corresponding to (Ofiéhtation. Intensity of diffraction peaks incresseith the
increase in substrate temperature. The grain sigebben calculated using the Scherrer formula Pk A/ co®

wherel is wavelength of X-rays usefljs FWHM and6 is Bragg's angle. Average grain size has beenrobddo
be increasing with the increase in substrate teatper indicating better crystalline films at highsubstrate
temperature.

Table 1.Variation in band gap energy and grain sizevith substrate temperature for thin films of F16CuPc

Substrate Temperature (K) | Band Gap Energy (eV)| Gran Size (A°)
300 3.02 278.8
333 3.05 289.2
373 3.10 307.3
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Fig. 2. Variation of (ahv)?with hv for films deposited at (a) 300 K (b) 333 K (c) 37&
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Fig. 3. Variation of absorption coefficient with erergy for films deposited at (a) 300 K (b) 333 K (c373 K
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Fig. 4. Variation of extinction coefficient with wavelength for films deposited at (a) 300 K (b) 333 Kc) 373 K
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Fig. 5. XRD of F16CuPc thin films deposited at (8300 K (b) 333 K (c) 373 K
CONCLUSION
Optical band gap increases with the increasingtgatiestemperature. Absorption and extinction coeffits vary
with wavelength. Extinction coefficients decreasthvincreasing substrate temperature. Average gidmincrease

with increase in substrate temperature indicatimgtelp crystallinity of films deposited at higher bstrate
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temperature. The optical properties indicate thessiibe candidature of hexadecafluorophthalocyanase
photovoltaic material.
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