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Abstract

Copper Ferrite CuFe,O4 thin films have been deposited by chemical
spray pyrolysis technique (CSPT) with thickness of (0.76+ 0.05) pum onto
glass substrates at different temperatures (300-450)°C. All samples were
annealed at 500°C for (1hr.). It was confirmed from XRD analysis that all
films exhibit polycrystalline structure. In addition, XRD analysis was
utilized to compute grain size (N) and dislocation density (5). Surface
morphology was characterized using SEM and photomicroscope images.
The energy dispersive spectrometry data clearly states that the deposited
CuFe,0,4 was formed. The optical properties for all films were studied by
recording the transmittance and absorbance spectrum in the range of
(200-1000) nm. The optical energy gap for allowed direct electronic
transition varies from (2.35-2.0) eV with increasing of the substrate
temperature .The optical constants, such as extinction coefficient (K),
refractive index (n), real and imaginary dielectric constants (€4, €,) were
calculated and discussed.
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1. Introduction

Representing  the  cubic
crystals of oxides that have the
form of AB,O, for large number
of inorganic materials, which
have many useful features
possessed in practical
applications that not appear in the
binary oxides. They show
synthetic, electrical, magnetic
and catalyst properties, which
depends on the nature, shipments
and distribution of internal
ions®2,

It is well known that magnetic
phenomena is associated with a
number of metals, and looking at
non-metallic materials we found
more of these phenomena are
related to a number of
ferrimagnetic, especially oxides,
the origin of these oxides in these
materials it is due to the magnetic
iron oxide (Magnetite). This has

the formula of (FesO;) or
otherwise (Fe (Fe20y)).
Therefore, the magnetite has
electrical conductivity up to

(10*Q*m™) at room temperature
1), Magnetite is known since the
ancient times and its use in
electronic  applications  and
electricity is relatively recent.

Ferrites are chemical
compounds, which are composed
of ceramic material and iron
oxide as their main
component.ferrites,has a spinel
type stucture,and it is symbol
(MgOAL,0O3) or more
(MgA|204)(3’4).
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Ferrites cubic which form
(MeFe,Q,4) or (MeOFe,O3) were
the symbol (Me) symbolizes to

any binary metal Dbelongs
transition  elements in  the
periodic table. The cubic
structure crystallizes between
positive and negative charges and
the oxygen ions are tightly
packed with positive ions-
cationic -divalent (Me*®) or
trivalent  (Me*®) which are

distributed in the crystalline
structure folds. Hence the name
of this type of ferrite is called
"ferrite spinel”, Thin films of
spinel ferrites MFe,O4 (M = Mn,
Cu, Zn, Ni, Co, Cd, etc.) which
exhibit ~ excellent  chemical
stability and high corrosion
resistivity and seem to be
applicable as recording media
and microwave absorbing layers.
These materials are commercially
important due to the magnetic
properties and electrical
excellence. This type of material
Is the subject of comprehensive
studies by some physicists and
chemists®).

Nanoparticles spinel (nps)
increasing utility for many
applications due to their

microscopic compositions this
shows innovative properties that
differ from those materials in
their volumetric state. The
difference is due to large quantity
of atoms within the limits of the
crystalline seeds (small and
approaching atomic dimensions).
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Copper ferrite crystallizes in an
inverse or mixed spinel structure
depending upon the preparation
conditions. Under slow cooling,
Cu-ferrite  crystallizes in a
tetragonal structure with lattice
parameter ratio c/a of about 1.06.
Tetragonal phase of Cu-ferrite
has inverse spinel structure with
almost all Cu?" ions occupying
octahedral sub lattice, whereas
Fe3* ions are divided equally
between the tetrahedral and
octahedral sub lattices. There is a
structural phase transition from
tetragonal to cubic at a
temperature of 390°C due to
disorientation of Jahn-Teller
distortion as a result of thermal
motion of lattice at high
temperatures®.

2. Experimental Process

Copper Ferrite CuFe,O4 under
investigation is prepared using
the chemical spray pyrolysis
technique (CSPT). The spray set
up and experimental details was
mentioned closely in previous
investigation%12),

The sprayed solution is
prepared by mixing (0.05M)
agueous  solutions of Cu
(N03)2.3H20,Fe(N03)3.9H20.
The Cu/Fe ratio in the solution
was 1:2 .The compound solutions
are sprayed onto heated glass
substrates using air as a carrier
gas, the substrate pre- heated at
the required temperature for 20
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There has been a number of
studies on Copper-ferrite thin

films with the objective of
enhancing  magnetization  for
application(8°19 Ferrite thin

films have the potential to
replace the huge external magnet
in the main steam microwave
devices and it can provide
functions unique circuit that
cannot be produced by other
materials®.

In this work, we report the
result on an investigation of the
structure and optical of chemical
spraying pyrolysis CuFe,O, thin
films under different substrate
temperature. The study shows the
role-played by the substrate
temperature on the properties of
the prepared films.

min before spray process. The
spraying was carried out on and
off periodically (10sec on and
20sec off).The vertical distance
between the glass substrate and
the end of the spray tube is 29cm.
The spray rate is Iml/min. The
substrate temperature was varied
in the range (300-450) °C.
Thickness of the prepared
samples is estimated by weighing
method was around (0.76x 0.05)
pum. All samples were annealed
at 500°C for 1 hr. The films
obtained were
clear,transparent,and brownish in
color, exhibit smooth surfaces,
and free pinholes.
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The structural properties of the
films were analyzes by X-
Pentpro MPD. A filtered Cu Ka,
radiation (A=1.548 A) at 40 KV
and 40 mA was used for x-ray
diffract meter (XRD).Also a
Photomicroscope image scanning
electron microscope (SEM) and
EDX  were used to observe
surface morphology of thin films.

3. Results and discussion
3.1 Structural properties

X-ray diffraction analysis were
carried out on CuFe;O4 thin films
prepared for different substrate
temperature in  range (300-
450)°C.fig.1 (a,b,c,d) show the
XRD patterns of copper Ferrite
samples with diffraction angle
between (20-60) . The optimum
films was found at temperature

450°C. This figure show the
characteristic peaks of
monocrystal  peak  positions

observed which agree with cubic
structure of CuFeO, and
represented by miller indices of
(003),(202),(131), and(213),.
Planes of cubic observed at
diffraction angles of (26=8, 30,
35.38, , 43.92,) respectively.

This results are in agreement
with the previous studies @ 9,
Which corresponds to copper
Ferrite phase standard, (JCPDS

files CuFe,O; 25.283). The
average diameter (D,) of grain
size was calculated using

Scherer's formula®®:
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Optical absorb measurements are
carried out using SP-1800
UV/VIS Double beam spectra
photometer; it covers the range
from (200-1000) nm. All
measurements were carried out at
room temperature.

Dav=0.90/B cosO

Where [ is the instrumental
effect, corrected full width at half
maximum of the peak measured
in radian. 0 is Bragg angle and A
is the wavelength of X- ray. As
observed from fig.1 (a, b, c, d)
the broadening intensity of 3
peaks arises due small crystalline
grain size, and the value of grain
size was increasing with substrate
temperature. Using the grain size
in the relation below®®):;

8 = 1/Da?

We obtain the wvalue of
dislocation (d) as it appears at
different substrate temperature
see Tabl.l. As observed, the
density of dislocation decreases
with increasing substrate
temperature  which indicates
homogeneity and the increase of
proportion of crystalline.

The number of crystals (N) per
unit area is calculated using the
following equation®”:

N=t/D,?



Basrah Journal of Science (A)

Vol. 35 (1): 85- 105, 2017

Where t is the thickness of thin
films. It is found that the number
of crystals decreases with

increasing the substrate
temperature as shown in table.1.

Table .1 Values of grain size, dislocation, number of crystals, and energy gap of

CuFe20gthin films.

(T)y'C (Day) NM (8) nm™ (N)nm? | (Eg)eV
300 8.15 0.015 3.24*101° | 2.35
350 23.693 0.0017 1.323*10%° | 2.2
400 34.48 0.00084 429102 | 2.1
450 38.64 0.00067 3.04*10% | 2.0
3.2 Surface Morphology
Optical microscope images in substrate  temperature. EDX

fig.2 show a globular structure
composite of nano-crystals. This
relearns homogeneity of material
on substrate surface and the
average crystallite size that
increase with increasing substrate
temperature. Fig.3 shows SEM
images for samples that consist
of spherical shape grains closely
peaked to each other indicating
good adhesiveness of the film
with  substrate. The (SEM)
micrographs shows that the films
have nano-crystalline structure, It
Is observed that the grains of the
CuFe,O, films are more densed
and uniform when increasing

3.3 Optical properties:

Optical measurements
include the transmittance,
absorbance and reflectivity as
function of wavelength values
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investigation of CuFe,O, thin
films carried out on the atomic
abundance of copper iron and
oxygen species present at the
surface of thin films. It is well
known that EDX technique
supplies an accurate
determination of relative atomic
concentration of different
elements that are present on their
surfaces. EDX spectrum in fig.4
supports the presence of Cu, Fe,
O element in the find CuFe,O4
and observed extra peaks of other
elements Si, Mg, Cl and C are
due to glass substrate.

were make. Also the forbidden
energy gap account for the direct
transmission of photon energy as
visual tests such as the refraction
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index (n), Extinction coefficient
(k) and dielectric constant (e).
Optical measurements has been
carried out at room temperature
for all samples, the optical
absorbance and transmittance in
UV-VIS-NIR regions. FiG.5
shows the spectrum transmittance
of CuFe;O, indicating that
transmittances increases with the
wavelength, which is similar to
the behavior of the spectrum of
CuFe,O4 thin films prepared in
other ways and recorded in
previous studies 8, However, we
noticed a decreasing
transmittance with increasing
temperature, that due to the
increase in surface roughness of
the thin films with increasing
temperature while in FiG.6 the
absorbance of spectrum as a
function of wavelength s
introduced and it is clear that the
behavior of the absorbance
spectrum has the opposite
behavior to the behavior of the
transmittances. And it s
gradually lessens with increasing
wavelength. This means that the
photon incident cannot irritate the
electron and remove it from the
valence to conduction bund that
have less than the value of the
energy gap. While the figure
shows that, the absorbance
Increases with increasing
substrate temperature, causally
there are a lot of atoms with
energy levels are there to absorb
photon; and hence absorbance
depends on the type and nature of
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chemical composition, crystal
and the thickness of the films.("

FiG.7 refers to the reflectivity
spectra. Through the shape we
notice that the reflectivity
increases rapidly at low energies,
and then the peak at energies
corresponding to the values of
energy gap forbidden and
interpreted on the basis that the
absorption is negligible or very
little at photonic energies smaller
than the capacity of the gap
concomitant by an increase in the
reflectance on the surface film.
The note of the shape also
increase the reflectivity values
for CuFe,O4 thin films with
increasing substrate temperature,
the reason for this behavior is the
reducing crystalline defects and
regularity of atoms.

The absorption coefficient (o)
was calculated using the
relation®®: 0=2.303A/t

Where (t) is the thickness of the
films. The photon energy at each
wavelength is calculated from the
relation hv =1.240/A .The FiG.8
shows that the absorption
coefficient increases with
increase of photon energy and the
values of absorption coefficient
are greater than( 10* cm™?) at low
wavelengths (high photon
energy),which is likely to occur
in direct electronic transitions.

The results showed that the
coefficient of absorption
increases by increasing the

temperature of the substrate. The
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absorption data manipulated for
the determination of the band gap
energy.

Fig.9 shows the expected values
of energy gap as determined from
the following relation9):

o« hv = A(hv — Eg)"™

Where A is the constant in
dependent of photon energy @V,
and (n) is assumed (%) for
allowed direct transitions. The
optical energy gap which ranged

between(2.35-2.0)eV, IS
decreasing with increasing the
substrate temperature, the

decrease in (Eg) is due to the
increases of average grain size
because of the increasing
substrate temperature.

Measurement of the fraction of
light lost scattering and the
absorption per unit distance
known as extinction coefficient,
(k) which can be determined by
using the relation @2:

K=oM4n
We notice  that  the
relationship  associated  with

absorption coefficient, from the
plot of the values of (K) as a
function of photon energy, fig.10
shows that (K) increases with
photon energy. In addition, we
found similarities in the nature of
curve (k) with absorption
coefficient curved.
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Refractive index (n) is regarded

as one of the essential properties
of optical materials due to its
correlation with the electronic
polarization of ions and local
field inside the material. The
refractive index account for
CuFe,0y thin films with different
substrate temperature using the
following formula @®:

n= (1+R )/ (1-R¥)

A plot of refractive index as a
function of photon energy is
shown in fig.11. The index (n)
increases as photo  energy
increases. In addition, it increases
with increases substrate
temperature, which is due to the
increase in grain size. We also
calculated real and imaginary
parts of the dielectric constant
using the relation®429:

€1=n2-k2, €,=2nK

Where (€;) the real part and (&)
Is the imaginary part of dielectric
constant

It has been noticed that €
behaves similarly to that of
refractive index because of the
small value of K2 compared to n?,
while €, depends mainly on K
values, which can be seen from
figs. (12, 13). These results
showed that the (€4, € ;) increase
with the photon energy and with
increase substrate temperature
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Conclusion

In this study, CuFe,O, thin
films are formed on glass
substrate by chemical spray
pyrolysis technique (CSPT) with
different temperature ranging
from (300-450) °C. XRD,AISO
XRD analysis showed that
CuFe,04 thin films have a cubic
structure with predominant (131)
orientation.

The optical properties was
investigated ,and it has been
found there was a decrease in the
transmittance  spectra with
increasing substrate temperature ,
this due to the increased
dispersion of light resulting from
the increased surface roughness
with high temperature
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Absorption coefficient increases
with substrate temperature. It is
observed that the photon energies
are higher than 10°m* that leads
to the conclusion that the energy
gap is due to the direct in
transmission of the photon, and
the energy gap decreases with
increase substrate temperature
due to formation of new levels
within the gap. The extinction
coefficient increases with
increase substrate temperature as
well as increasing both the real

and Imaginary dielectric
constants with substrate
temperature
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FIG.1.X-ray diffraction of CuFe,04 thin films at (a) 300°C (b) 350°C (c) 400°C, and (d) 450°C.
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FiG.2. Photomicroscope image of CuFe;04; 400x.
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FIG.3. ESM of CuFe,04thin films prepared at different substrate temperature.
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FIG.6. Absorption spectra of CuFe;04 thin films
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FIG.8. Absorption coefficient of CuFe;Oathin films.
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FIG.9. Energy gap of cufe,o04 thin films.
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FIG.10. Extinction coefficient of theCuFe,004 thin films.
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FIG.11. Refractive Index (n) of the CuFe;0O4 thin films
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FIG.12. Real part of dielectric constant (&) of CuFe;04thin films.
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