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Abstract

Thin film technology is one of the most important technologies
that have contributed to the development of semiconductors and their

applications in several industrial fields. The Iron Oxides ( Fe,0;) and

(Co;0,) thin films and their applications are of importance, in that these

two materials are considered as important industrial materials , and used
in spectrally selective coating, temperature sensors, resistive heaters, and
photo cells.

Thin films of Iron Oxide ( Fe,0;), Cobalt Oxide (Co,0,) and

their mixtures in different ratios (75:25, 50:50, 25:75) were prepared by
the method of chemical spray pyrolysis deposition at different thicknesses

(77< t <200) nm on cover-glass substrates: thickness of (1) mm at

temperature (653)°K, and at temperature (753)°K for (one, and two) hour.
The nature of the thin-films® surfaces are examined by optical

microscopy, while the crystallinity of the compounds is examined by X-
ray diffraction (XRD).
The results of (XRD) have shown that the films of ( Fe,0,) and

(Co304) and their mixtures are of amorphous structure. Annealing
operations led to transition of the films’ structure from the amorphous to
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polycrystalline state. These obtained results were found in
agreement with the American Standard for Testing Materials (ASTM).
Film thickness, and annealing time were investigated, the results show the
crystallite size increases with the increase of the thickness of the thin
film.

The increase in the annealing time for more than one hour resulted
in the appearance of some peaks in diffraction spectrum of the prepared
films. This verifies that it is polycrystalline, and this increases the time to
organize itself in the crystalline lattice and decreases the crystalline
defect. This research also included the study of the optical properties of
the prepared samples by recording the absorption and transmission
spectrum over the spectral range (200-900) nm, the optical energy gap for
the allowed direct transition was evaluated. In general, the optical energy

gap decreases with increase of the film thickness percentage of (Co,0,)

in the sample, and it increases after annealing.

The optical parameters are investigated and calculated such as
optical absorption coefficient, photon energy, and the width of localized
states too. It is found that the values of absorption coefficient the

increases with increasing percentage of (Co;0,).

Key word: Spray deposition, Thickness, Iron, Cobalt.

Introduction

Thin film science and technology have gone through a thorough
development which results in numerous new devices (e.g. Light Emitting
Diodes (LED), fuel cells and solar cells) and new materials with
fundamentally new properties. Thin film research shares the knowledge
from multi-disciplines (e.g. materials science, chemistry, solid state
physics, mechanics,...etc.). It has also given a clear picture of its physical
properties and crystal structure. Several methods were used in the
preparation of the thin films (1).
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The processes that occur at the surfaces and in thin films, are based on
teaching and research over a number of years. Many of the experimental
techniques used to produce clean surfaces, and to study the structure and

composition of solid surfaces, have been around for about a
generation. Over the same period, we have also seen unprecedented
advances in our ability to study materials in general, and on a microscopic
scale in particular, largely due to the development and availability of
many new types of powerful microscope (2).

The major industries which are related to surface and thin film
science are the micro — electronics, opto-electronics and magnetic
industries, and the chemistry — based industries, especially those
involving catalysis and the emerging field of sensors. These industries
form society’s immediate need for investment and progress in this area,
but longer term goals include basic understanding, and new techniques
based on this understanding; there are few areas in which the interaction
of science and technology is more clearly expressed (3).

The high performance of modern optical instruments depends
upon the quality of components such as lenses, prisms and mirrors. All of
these reflecting or partially reflecting surfaces, and their performance
would be limited by the natural reflect ivies of the materials of which they
are made, were not for the possibility of altering the reflectivity by the
deposition of a thin transparent film. This technique allows, for instance,
the control of losses due to reflection in lenses, and makes possible the
construction of mirrors with unique properties. The method is even more
useful in equipment designed to utilize infra-red radiation, since reflection
losses are much greater in the infra-red than in visible part of the
spectrum (4).

The examination of surface chemistry by Auger and photoelectron
spectroscopy can trace its roots back to cloud chambers in the 1920 and
even to Einstein’s 1905 paper on the photo — electric effect. But the real
credit arguably belongs to e many scientists in the 1950 and 1960 who
harnessed the new ultra — high vacuum (UHV ) technologies for the study
of clean surfaces and surface reactions with adsorbents .and the
production of thin films under well — controlled conditions; In the past 30
years, the field has expanded and the ‘scientific generation’ was quite
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short; different sub — fields were developed often based on the
expertise of groups who have started literally a generation ago(5).

[ron compounds are the most common coloring agents in ceramics
, iron exhibits so many forms with different kiln atmospheres,
temperatures, and firing cycles, and with different glaze chemistries that
places it among the most exciting of all materials. Chemically, iron is

amphitricha like alumina. ( Fe,0,) generally behaves as a refractory anti-

flux material in a glaze melt, combining with alkalis. Oxidation iron-red
glazes, for example, can have very low alumina contents yet do not run
off because the iron acts like alumina to stabilize and stiffen the melt.
However these glazes will likely have reduced durability. Likely, in
glazes low in flux, it can behave as an alkalli, combining with silica.

(Fe,0y) is greatly affected by a reducing atmosphere

where it can act as a flux in both bodies and glazes at high temperatures.
Its fluxing action in reduction is quite remarkable and can be
demonstrated by using a line blend in a clear glaze. Higher amounts of

iron exhibit dramatically the increased fluidity. ( Fe,0;) is the most

natural state of iron oxide where it is combined with the maximum
amount of oxygen. In oxidation firing, it remains in this form to typically
produce amber to yellow up to 4% in glazes (especially with lead and
calico), turns tan around 6%, and browns in greater amounts. In the 20%
range, matte ness is typical (6).

Thin film technology is one of the most important
technologies that have contributed to the development of semiconductors

and their applications in several industrial fields. The Iron Oxide ( Fe,0,)

and Cobalt Oxide (Co;0,) thin films and their applications are of

importance, in that these two materials are considered as important
industrial materials , and used in spectrally selective coating, temperature
sensors, resistive heaters, and photo cells(7).

In this research, thermal chemical spray technique was used.
This method provides advantage over known methods in that it is
economical in view of the low cost of preparing the films in addition to
the lack of need for complex instrumentation. The method is fast and can
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provide large areas with the increasing scientific and technological
development.

Experimental : Procedures, and Observations

[ron Oxide (Fe,0; ), Cobalt Oxide (Co,0,) thin films and a

mixture of both compounds in molarity ( 0.1) at different ratios £73:25 ,
50:30 , 25:75) were prepared by the method of chemical spray pyrolysis

deposition heated at (653) °K. Pre-cleaned glass of (3.8 x 2.6) cm? in
area, and thickness (1) mm were used as substrate. A diluted (4.0402) gm

of Fe(NO,);.9H,0 in (100) ml water as molarity (0.1) was used. Also a

diluted (2.9104) gm of Co(NO,),.6H,0 in (100) ml water as molarity
(0.1) was used in accordance with the following equation [1] (8):

M=W,/M,,).(1000/V)
.......................... [1]

where M = molarity , W, = weight of sample , M_, = molecular weight, V
= water volume.

For amixture compound, then ( p) is stated in the relation[2] below:(9)

Pui = (P(Fe,0,).percentageinmix+ p(Co,0,). percentageinmix) [2]

(x)Fe,O, 100 [ 75 [ 50 | 25 | 0
(100-x)Co,0, | 0 | 25 | 50 | 57 | 100

(Percentage of all prepared films)
The solutions for the preparation of Iron Oxide (Fe,0,) were in

accordance with equation [3], while for Cobalt Oxide (Co,0,)
preparation ,they were used in accordance with equation [4] .

24



IBN AL- HAITHAM J. FOR PURE & APPL. SCI VOL.22 (1) 2009

4Fe(NO,), — 32Fe,0, ¥ +12NO, L 430, { ..................... [3]
ICH(NO, ), —22-5C0,0, + +6NO T 40, T sivvsvossnsionmsinivins [4]

The prepared solutions of ( Fe,0,) and (Co,0,) , were both homogeneous

on the glass substrates . As a result of substrate heating, several gases are
liberated to leave thin films of ( Fe,0;) and (Co,0,). The thickness of

the prepared thin films (77 <t <200)nm was measured by using the
weighing method previously employed [10-12] for ( Fe,0,) and (Co,0,)
thin film according to the following relation:

t = thickness of film, m= mass of film , p= density of film , A=
area of film

Using a sensitive balance whose sensitivity is of the order (107)gm

(Metter HK-160), in addition tothe method as asimple computer program
for measuring the thickness of all samples.

Thin films structure of Iron Oxide ( Fe,0; ), Cobalt Oxide (Co,0,),and a

mixture of both compounds in different ratios (75:25 , 50:50 , 25:75)
before and after annealing at degree (753) for (one and two) hour, were
examined by using X-ray apparatus (XRA) (554811/ 554812) Leybold
Didactic Gm H, 1988 (Germany) to determine the location of Bragg
reflection peaks, and for determining the lattice plane spacing of various
crystals.

As to the optical measurements of the prepared thin film, a double
beam spectrophotometer (UV) /Visible Recording Spectrophotometer,
UV210) (Shimadzu Company) (Japan) was used to measure the
absorbance and transmittance of the thin films over the spectral range
(200-900) nm, for calculating the absorption coefficient (&) from the

relation [6]:(13,14)
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&' =2308 (i:-) ................................................ (6]
Where A = absorption (see table 2)

From the measurement of absorbance as a function of spectral range
(200-900) nm , we calculated the optical energy gap from the calculation
of the variable absorption coefficient () for each wavelength from

equation (6). Also incident photon energy ( £ = hv ) was calculated as a
function of wavelength according to equation [7], (see table 1):

E(eV)=(1240/2) ......... R —— 7]

Results and Discussion
The structure of the prepared thin films of Iron Oxide (Fe,0,),

Cobalt Oxide (Co;0,), and their mixture before and after annealing at

753°K was investigated by X — ray diffraction. The results have shown
that these films are of amorphous structure before annealing, while after
annealing the operation led to transition in these films from the
amorphous to polycrystalline state. Film thickness (17<t <
200)nm, temperature of annealing at (753°K ), and annealing time (one
and two) hour were investigated see Figs(1-3).

The results show that the crystallite size increases as the thickness of
the film increases, this means high probability of appearance of direct
transition of electronic occurrence (ASTM) [15] .When we increase
temperature more than (653)°K, this operation does not show any obvious
difference at this temperature (as general properties of film), it means that
the films were in the stability state at this temperature.

On the other hand, the increase in the temperature of annealing
resulted in an increase in a sequence of grains, then mixing with each
other, would lead to the increase in the size. The increase in the time of
annealing, for more than one hour, resulted in the appearance of some
peaks in the diffraction spectra of the prepared films and increase in its
figures. This confirms that it is polycrystalline, and this increase in the
time gave the material atoms enough energy to re-organize itself in the
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crystal_lized Iattic?: and decrease crystalline defect. Thus the
glpEfatmn results in the degre&se of the absorption coefficient valye with
¢ increase of the annealing temperature. From the values of (@), it is

apparent that these values increase immediately with the increase of the
percentage of (Co,0,) in the films.

annealing

| The relation between absorption coefficient and photon energy was
realized that the width of the localized states inside the forbidden gap

increases with the increase of the percentage of (Co,0,) in the sample,
and it decreases after annealing .

Conclusion

From above, it is shown that the accuracy of using the chemical spray
method plays a main role in identifying the nature of thin films prepared
by this method. Throughout our research we conclude the following:
1. All prepared films were of amorphous structure prior to annealing.
2. Annealing operations led to transition of the films structure from

amorphous to polycrystalline state.
3. The crystallite size increases with the increase of the thickness of thin

film.
4, The increase in the annealing time resulted in the appearance of some

peaks in the diffraction spectrum

of the prepared films .
5. Annealing operations resulted in reducing the absorption coefficient

(@ ) with increasing annealing

temperature.
6. The doping operation does not show any obvious difference on the
crystalline structure.

7. The optical energy gap (E;Pr) decreases with the increase of the

thickness of thin film, and also with the increase of the percentage
of (Co;0,) in film before annealing, and the increase after annealing.

8. Absorption coefficient values increase immediately with the increase of
the percentage of (Co,0,) in the film.
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annealing (o -! ) '
cm !
TR ¥y s - N
75 25 1.514x10° 1.463x10° |
50 50 1.821x10° 1.742x10°
25 75 2.140x10° 2.031x10°
0 100 2.321x10° 2.121x10°
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