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Abstract

Chemical spray pyrolysis was used to deposit Fe O, thin films on pre-
heated glass substrates at (200)°C. The films were annealed at (300), (400)
and (500)°C at ambient atmosphere. X ray diffraction (XRD) technique was
utilized to study the effect of annealing on the structure of Fe, O, thin films,
XRD technique was utilized to study the effect of annealing temperature
on structural properties of Fe O, thin films. It was found that the as deposit
thin film has amorphous structure but it became polycrystalline structure by
annealing at (300) °C with dominant orientation along [104] direction. with
dominant orientation along [104] direction. Crystallinity of Fe,O, thin films
was improved with increasing annealing temperature (Ta). Crystallite size
increased with heat treatment from (23.3) to (29.3) nm for as deposit and
annealed sample at (500) °C respectively. Other structural parameters like
micro strain (1), dislocation density and number of crystallites per unit area
were calculated and correlated with the variation of Ta. UV-Visible spec-
trophotometer was used to study the annealing effects on optical properties
of Fe, O, thin films. With increasing of Ta; optical energy gap (Eg) values
increased from (2.105) to (2.159) eV due to decreasing of localized states
inside the band gap from (0.396) to (0.162) eV.
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1.Introduction:

Transition metal oxide thin films have great
interest for their variable  applications. Iron
oxide is one of these materials with multiple
applications [1].  Size reduction alters chemi-
cal and physical properties of materials and
has intense recent research. Metal oxides with
microstructures like nanorods, nanotubes, and
nanoparticles as building blocks have been at-
tracted great interest [2]. In applications of thin
films field, Iron oxide has several employments.
As aresult, to its fast response Fe O, thin film
1s using to sense flammable gas [3]. Due to its
high absorption coefficient and small energy
gap it is utilized as solar cell [4]. This mate-
rial is low cost, nontoxic, has environmentally
friendly properties, high chemical stability, high
corrosion resistance and easy to fabricate [5].
Spray pyrolysis method is a simple, versatile
and low cost technique. Large number of dif-
ferent thin films types can prepare by this tech-
nique. By this method mixed and doped thin
films are deposited [6]. Also without the need
of an ultra-high vacuum by using this method it
can produce large area films and it can be con-
trolled easily [7]. Annealing process is a simple
method utilized to get multiple advantageous
for example it is used to improve crystallinity
and minimized defects and dislocations.

In this contribution an attempt is done to
study the effect of annealing on structural and

some optical properties of Fe,O, thin film.

2.Experimental part:
Fe,O, thin films deposit on preheated glass
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substrates. The best examined conditions of
deposition were: substrate temperature (200)
9C, the time of spraying (5) s, distance between
substrate and nozzle was (30+1) cm and car-
rier gas was filtered air. The used solution con-
sists from FeCl,.6H O (1.6221) g powder as
a precursor of Fe dissolved in distilled water
(100) ml. To ensure the complete dissolving
of powder inside the solution it was left under
magnetic stirrer for (30) minute. The thickness
of deposit films was determined by weight
method; it was (45020+) nm. Shimadzu X-
ray diffractometer is utilized to determine the
orientations of Fe O, miller indices. To char-
acterize the optical properties of the samples
UV-Visible (1800) spectra photometer is used.

3.Results and discussions:

Fig. (1) shows XRD pattern of as deposit
and annealed Fe O, thin films. In general; as
deposit sample has amorphous structure but
there is a beginning to form a peaks along
(104) and (110) planes. After annealing the
structure transform to polycrystalline with
dominant direction at [104] beside several
peaks. According to standard card (JCPDS)
with number (00033-0664) annealed samples
have hexagonal phase. The sharpness of all
peaks increases with increasing of Ta.

After annealing at (500) °C; the dominant
peak (104) becomes sharper and higher intensity.
This result attributed to the increasing of sam-
ple’s crystallization and reduction of defects. The
rearrangements of atoms positions inside Fe,O,
lattice are achieved when Ta reach to (500) °C [8]
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Fig. (1): XRD of as deposit and annealed samples.
For (104) peak of standard, as deposit and spacing (d,, ) and peak position (20).
annealed Fe, O, Table 1 shows interplanar
Table (1): (104) peak data at different Ta.
Sample type 20 (degree) d., (A) FWHM (radian)
Standard Fe O, 33.152 2.7 -

As deposit 33.0798 2.70582 0.0076
Annealed at (300)°C 33.1872 2.69731 0.0075
Annealed at (400)°C 33.1897 2.69711 0.0073
Annealed at (500)°C 33.1957 2.69663 0.0061

In comparison with standard value it was 0.941
. Crystallite size(§) =——— — — — — — (D
found that all annealed samples have shifted Pcosé

positions to right and this shift increases with
Ta. On the other hand, the values of interpla-

nar spacing (d_ ) for annealed samples are

hkl
less than that of standard one. The behavior
of 20 and d, is a direct result to Bragg law.
Crystallite size is calculated by using Scher-

rer’s equation [9].

Where A is x-ray wavelength, f is the broad-
ening of the hkl diffraction peak measured at
half of its maximum intensity (in radians) and
0 is Bragg diffraction angle (°). Crystallite size
increase with Ta until it reached to (500) °C
which it exhibited a maximum size. This re-

sult is in agreement with previous reports [10].
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Also Fig. (2) illustrates the decreasing of full
width at half maximum (FWHM) with Ta in-
dicating to the enhancement of the crystalline
quality of the films. It is known that an increase
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in Ta leads to an increase in kinetic energy of
the atoms and molecules making it easier for
them to correct their occupancy in the lattice
and then increase the size of the crystallites [8].
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Fig. (2): crystallite size and FWHM as function to Ta.

XRD pattern is utilized again to calculate
lattice constants (a, and ¢ ) by using equation

2[11]. 1 4 R +hk+k%  L*

dz 3 cz @

a

Where h,k,1 are miller indices. The results
of are tabulated in Table 2.

Table (2): Lattice constants for as deposit and annealed samples.

Lattice con- | Standard As denosit (Ta (°C
(stant (A | (JCPDS) p 300 400 500
a 5.035 5.04 5.051 5.063 5.027
C, 13.74 13.79 13.70 13.68 13.73

Table (2) confirms the recrystallization
of all annealed samples due to the change in
¢, parameter compared with that of as deposit
sample. Current lattice constants close to that
obtained by Shinde et al. [12]. After annealing
at (300) and (400) °C (a ) increases but it de-

as equation (2) impose.  For as deposit and
annealed samples; Table (3) shows the values
of micro strain (1), dislocation density and
number of crystallites per unit area by using

equation (3,4 and 5): [8].

_ leoucrps)-coxrD)|
Co(JCPDS)

creases at (500) °C. (c ) has reverse behavior
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Where t is thin film thickness [13].
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Table (3): Some physical parameters of Fe,O, thin films

sample | Micro s | Digsgion e | Nombor o et
As deposit 0.36 - 1.83 34
Annealed at (300)°C 0.29 1.75 3.6
Annealed at (400)°C 0.43 1.67 2.97
Annealed at (500)°C 0.72 1.16 1.9

A strain can define as following: it is
measure of deformation representing the dis-
placement between particles in the body rela-
tive to a reference length. For as deposited
film non-uniform strain in the films is respon-
sible on broadening in XRD profile, these
strain is caused during the growth of thin film
[14]. From Table 3 and Fig. (2) it is clear that
the increasing of micro strain is related to the
increasing of crystallite size which increases
with Ta. This may due to decrease of mechan-
ical surface-free energy with annealing. The
dislocation density, defined as the length of
dislocation lines per unit volume [15]. Table
3. shows the decreasing of dislocation den-
sity with Ta, the sample annealed at (500) °C
has minimum dislocation density this can at-
tributed to its minimum crystallite size of this
sample.

Finally, the number of crystallites per
unit area decreases with increasing of Ta. This
result may explained by the mobility of crys-
tallites along the surface of substrate [16]. Fig.
(3) shows the variation of transmission (T%)
against wavelength. There is no difference in
(T%) between that of as deposit and annealed
one at (300) °C; this may due to the substrate
temperature (200) °C at spray time. (T%) of
all samples is approximately the same beyond
(600) nm. The falling of (T%) toward short
wavelength at spectral region of fundamental
absorption is sharper for annealed sample at
(500) °C; this behavior may relate with the re-
crystallization at this temperature.
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Fig. (3): T % as a function of wavelength for deposit and annealed Fe,O, thin films.

For all samples (except that annealed at
(500) °C there is no sharp absorption  near
absorption edge; this is attributed to the ex-
istence of sub-band gap levels which re-

late with defects. This result is expected

due the minimum dislocation density of an-
nealed sample at (500) °C as in Table (3).
Fig. (4) shows the evaluation of energy gap
(Eg) values for all samples. Table (4) shows
the values of Eg.
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Fig. (4): energy gap (Eg) values for deposit and annealed samples.
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Table (4): Eg values for all samples.

Sample type Eg (eV)
As deposit 2.107
Annealed at (300) °C 2.111
Annealed at (400) °C 2.115
Annealed at (500) °C 2.159

The Eg values increase with Ta; this is
attributed to decreasing of energy levels in-
side energy gap that relates with defects and
dislocations [17]. Fig. (5.A) illustrates rela-
tion between Ina and photon energy for as
deposit and annealed Fe O, thin films, where

a is absorption coefficient. With increasing of
Ta localized states in the band gap decrease
as Fig. (5.B) shown. This result explains the
increasing of Eg in Fig. (4) This result is in
agreement with that obtained by Mubarak et
al. [18]
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400 deoree 0.4
II 300 degree A
~ As degosit o
3 203 I
o/ v
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Fig. (5): A-Determination of localized states width (AE) (band tail energy or Urbach energy). B-

AE verses Ta.

Fig. (6) shows the variation of o with
photon energy. It is clear that the absorption
coefficient increases with increasing of Ta and
slightly shifted to lower photon energies. The

high values of a refer to the allowed direct
transition for all thin films. This result is in
agreement with that obtained by Khalid [19].
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Fig. (6): absorption coefficient variation with photon energy.

4. Conclusions:

Increasing of Ta changed structural and
optical properties of Fe O, thin film; crystal-
lite sizes are increased and the crystallinity of
it is improved. The annealing process reduces
dislocation density and the number of crystal-
lites per unit area but it enhances the micro
strain. The Eg and the absorption coefficient
values increase with annealing due to decreas-

ing of localized states in the band gap.
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