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Abstract- Thin film of Fe,O; with thickness of 1.2 pym was
deposited by successive ionic layer adsorption and reaction
(SILAR) method onto glass substrates using ferrous sulphate
and sodium hydroxide as cationic and anionic precursors. The
X-ray diffraction studies revealed that, a- Fe,O;3 thin film was
polycrystalline in nature with cubic structure. The
morphological property was investigated by field emission
scanning electron and atomic force microscopy. The optical
studies have been carried out by wusing UV-Vis
spectrophotometer to determine the band gap of prepared
film.
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1. INTRODUCTION

The researchers are extensively investigating simple
and economic deposition techniques to grow metal oxide
materials which are suitable substitute for the existing
semiconductors [1]. Amongst various metal oxides, iron oxide
(0-Fe203) is a thermodynamically stable oxide of hexagonal
close packed crystal structure with indirect and direct band
gap energies around 1.9 and 2.7 eV, respectively [2]. In recent
years, much attention of scientific community has been
focused on iron oxides due to their potential applications such
as magnetic devices [3], gas sensor [4-7], solid state lithium
ion battery [8], super capacitor [9], humidity sensor [10],
water splitting for hydrogen production [11], solar cell [12,
13], solar filters [14] etc. Apart from this iron oxide
nanostructures are technologically important due to their
possible applications in many fields including high density
magnetic storage devices, magnetic refrigeration systems,
catalysis and chemical and biological sensors [15, 16]. In
addition to this recently iron oxide has became a novel
material for its potential applications in medical science such
as drug delivery system, cancer therapy and magnetic
resonance imaging due to its biocompatibility, catalytic
activity and low toxicity [17-19]. A variety of chemical
techniques have been used to fabricate iron oxide thin films
such as spray pyrolysis [20, 21], thermal decomposition [22],
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atomic layer deposition [6], electrodeposition [23], ion-beam
assisted deposition [24], RF magnetron sputtering process
[25], chemical vapor deposition [26, 27] and SILAR method
[28] etc. Among them, SILAR is simple, practical,
nonhazardous and low cost soft chemical method. In SILAR
technique, nanocrystalline thin films are grown by immersing
substrate into separately placed cationic and anionic
precursors. In between each immersion substrates are rinsed
with purified water, so that only tightly adsorbed layer of
species stays on the substrate. In the present work, SILAR
method has been developed to grow device quality
nanocrystalline iron oxide thin films onto glass substrates as
no significant data was published on optical, structural and
electrical properties of a-Fe203 films.

Il. MATERIALS AND METHODS
(i) Experimental Details:

Fe,O3 thin film was prepared by SILAR method on a
glass substrate at room temperature. For the deposition of
Fe,O3 thin films, 0.025M ferrous sulphate was used as the
cationic precursor solution and anionic precursor solution was
0.1M sodium hydroxide. Before actual deposition glass
substrates were boiled in chromic acid, washed with soap
solution and finally cleaned with HCI and de-ionized water to
provide clean substrate surface to achieve uniform deposition.
The well cleaned glass substrate was immersed in a cationic
precursor solution (FeSO,) for 10s for the adsorption of iron
species on the substrate surface. The substrate was rinsed in
double distilled water for 5s to remove loosely bound species
of Fe?" species. Then, the substrate was immersed in anionic
precursor solution (NaOH) which was kept at 200K for 15s to
form a layer of iron oxide material. Rinsing the substrate again
in double distilled water for 5s separates out the excess or
unreached species. Thus one SILAR cycle of Fe,O3 deposition
was completed. 120 such deposition cycles were repeated at
room temperature (300 K) to get a terminal thickness. The
maximum thickness obtained for Fe,O3 thin film was 1.2 pm
and used for the further. The deposited film was annealed 200°
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C for 1hr to reddish colored pure Fe,O3 thin film. The four
beaker SILAR mechanism is shown in figure 1.

o Cations
& Anions

Figure 1: SILAR mechanism:
(a) Cationic Precursor (b) & (d) hot water and (c) anionic
precursor

(i) Characterization Techniques:

The structure and phase of the prepared sample was
determined by X-ray diffraction (XRD) using P-Analytical X-
ray diffractometer using Cu-Ka (A=1.540 A) radiation.
Diffraction patterns had been recorded over the 20 range of
10° to 80° at the scan rate of 2° per minute. The surface
morphology and elemental analysis of the synthesized samples
were studied by FEI Quanta 250 field emission scanning
electron microscope (FESEM). The optical absorbance spectra
for the synthesized samples were recorded using UV-vis
spectrophotometer  (Perkin-Elmer Lamda 35) in the
wavelength range of 190 nm - 1100 nm.

111. RESULTS AND DISCUSSION
(i) Micro-structural analysis:

The crystalline structure of the synthesized sample
was recorded with the X-ray diffraction using Cu-Ka radiation
(A=1.540 A). The intensity data were collected over a 20 range
of 10° - 80°. The XRD pattern of as the synthesized Fe, O3 thin
film was shown in figure 2. The patterns indicate that the
prepared Fe,O; film consistent with a cubic structure which
are in close agreement with the standard JCPDS card number
39-1346. From the XRD patterns, the most prominent peak
observed in the figure corresponds to the lattice plane of (110).
Other peaks corresponding to the lattice plane (111), (211),
(310), (330), (442) and (554) were observed with varying
intensities.
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Figure 2: XRD pattern of Fe,Oj3 thin film

The crystallite size of the prepared sample is
calculated from the Debye-Scherer’s formula. Let A be the
wavelength of X-rays used and B and 0 are full width at half
maximum and Bragg’s angles corresponding to the maximum
intensity peak. The Debye-Scherer’s (DS) formula [29] is
given as,

kA
p = BCoso

According to uniform deformation model, we
consider the prepared material is isotopic in nature and the
strain is assumed to be uniform in all crystallographic
direction. The Williamson-Hall equation according to UDM is
given by [30]

KA .
Brgcosty,, = o + 4¢ sin 8,

Dislocations an imperfection in crystal associated
with the misregistry of lattice existing in different parts of the
crystal. Dislocation density (3) was evaluated using the
relation [29]

1
5 = D’

The strain (€) is calculated from the following relation

S coso
e= 4
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The X-ray diffraction peak of films corresponding texture
coefficient (T¢) is estimated using an expression [30]

(ki) [1 =
okl |

|(hkil,)
o(Mikili)

where |y represents the standard intensity, | is the observed
intensity of (hikil;) plane and n is the reflection number.

Table 1: Micro- structural parameters of Fe,Oz Thin film

Micro-structural properties Fe:0; Thin film
Crystallite Size using Debye- Scherer’s formula {nm}) 95.284
Crystallite Size using Williamson-Hall equation (nm) 122 508
Dislocation Density (3) X 101/ m? 1.101
Strain (g) X 1072 2.060

Texture coefficient 1.248

(ii) Morphological analysis:

The SEM photographs provide the nature of the
surface (i.e) uniformity, smoothness and cracks, the nature of
the grains (i.e) shape of particulate and grain size. A large
number of scanning probe microscopy techniques utilizing
various signals generation mechanism has emerged recent
years scanning tunneling microscopy is the most important
technique with the wide range of applications in science and
technology. In this study, the surface morphology of Fe,O;
was carried out using SEM and is discussed.

HV WD
10.00 kV|7.7. m )

Figure 3 (a): SEM |mages of Fe,O3 Thin film (3 um)
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Figure 3 (b): SEM images of Fe,O3 Thin f|Im (5 um)

The surface morphology of the iron oxide thin films
deposited onto glass substrates by SILAR method was
examined using FESEM. Figure 3 (a) and (b) are shown the
SEM micrograph of Fe,O3 for 3pm and Spm magnification
respectively. It is observed that, the a-Fe203 rod shaped
grains are distributed and covers whole substrate surface and
found that there is no uniform shape. In some places, various
sizes of the particles (small and large size) are observed, i.e.
rod shaped particles seem to be randomly distributed. Such
image is compact and relatively not dense. This is because
smaller primary particles have a large surface free energy and
would, therefore, tend to agglomerate faster and grow into
larger grains. This kind of micro structure is desirable for
sensor applications.

(iii) Optical analysis

The optical absorption and  transmittance
measurement of Fe,Oz thin film was carried out in the
wavelength range from 300 to 1100 nm at room temperature.
Figure 4 and 5 shows the optical absorbance transmittance of
Fe,O3 thin film respectively. It had a maximum absorbance
and transmittance in the visible region. Figure 6 shows the
variation of (ahv)? with the photon energy for prepared Fe,0,
thin film. The optical band gap (Eg) of a- Fe,O3; films were
estimated by using the relation,

_ A(hv - Eg)n
B hv

where a is absorption coefficient; Eg is band gap; A
is a constant and n is equal to 1/2 for direct and 2 for indirect
transition. From the Tauc’s plot, the band gap is found to be
2.52 eV for Fe,0O3 thin film, which is in good agreement with
the previous results (2.9 eV) [31].
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Figure 4: Optical absorbance spectra of Fe,O5 thin film
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Figure 5: Optical transmission spectra of Fe,O5 thin film
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Figure 6: Tauc’s plot of Fe,O3 Thin film

IV. CONCLUSION

Fe,O3 thin film was successfully prepared by cost
effective SILAR method. The X-ray diffraction pattern
indicates that, the prepared Fe,Oj3 thin film is cubic structure
with poly crystalline in nature. The microstructural parameters
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were estimated. The crystallite size of the sample was
calculated using Scherer’s equation and Williamson-Hall
equation. A SEM result of prepared film has rod shaped
morphology throughout the surface. UV vis results indicates
the prepared sample have good absorption and transmittance
values in visible region. The calculated direct band gap of
energy was 2.52 eV for prepared samples.
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