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Abstract
Chrome oxide (Cr20s) thin films at different thickness(1350-1600°A) were prepared
by chemical spray pyrolysis technique at ( 400° C) on glass substrate .Absorbance and
transmittancespectra have been recorded as a function of wave length in the range
(190- 900nm).We found all optical properties such as (transmission,reflectance
Jrefractive index, extinction coefficient ,energy gap of allowed direct transition and
dielectric constant in real and imagery parts all as a function of the wavelength

decrease with increase thickness except the absorbance
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Introduction

Chromium oxide (Cr20z) thin films are of great interest due to their wide variety of
technological applications. This oxide exhibit high hardness and high wear with corrosion
resistance which are an important properties for protective coating applications ™M it has
already found several applications as protective coatings onread-write heads in digital
magnetic recording units and in gas-bearing applications .It has been studied for opticaland
electronic uses such as selectively absorbing films for solar energy conversion!? films for
windows,and electrode material for electro chromic windows 1. The most stable phase is the
corundum structured(Cr.03).This form of oxide has important industrial applications ,for
instance and solar thermal energy collectors.Chromium oxide is an insulating
antiferromagnetic material it is also suitable as a tunnel junction barrier[.0n other hand,
despite its intrinsic insulator nature , (Cr203) films can either p-type or n-type properties in a
single materials makes (Cr.03) a key material for the development of a broad range of
industrial applicationst®.

We present in this work the effect ofthickness on some optical properties of(Cr203) thin
filmsprepared by the chemical spray pyrolysis.

Experimental work

Thin films of Chromium oxide (Cr.03) have been prepared by chemical spray pyrolysis
technique. The spray pyrolysis was done with a laboratory designed glass atomizer ,which
has an output nozzle about 1mm.The films were deposited on preheated glass substrates at
temperature (400°C) because we obtained the best homogeneous film at this temperature, the
chemical solution with concentration 0.1 M prepared by using (0.8888 g) from (CrCl3.6H20)
in 100ml of water ,homogeneous mixture was achieved by using magnetic stirrer .The
optimized conditions were arrived at the followingdeposition parameter

1-Substrate temperatures are (400°C)

2-Spray rate (average deposition) 10 cm®min

3- Distance between Sprayer nozzle and substrate of 30 cm.

The glass substrates are placed on the hot plate fan about (30)min before spraying process,so

the glass substrates are nearly at the same temperature as the hot plate .Each spraying period
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lasts for about (15 sec) followed by about (5) min waiting period to avoid excessive cooling
of the hot substrates due to the spraying . The samples thickness were(1350 ,1600A) was
measured using the gravimetric method.

Thickness = (A W /p.S)

Where p the density (g/cm?) ,s the film area(cm?)

The absorbance and transmittance measurements were carried out using a Shimadzu UV/VIS

-1650PC,double beam spectrophotometer in the wavelength range of (300-900 nm).
Results and Discussion

The Reflectance(R) calculated from the spectrum of absorption (A) and transmission (T)
according to the law of energy conversation [6.71,
R+T+A=1 (1)
The extinction coefficient (k) is the absorption energy in the thin film and it also represent the
imaginary part of refraction index according to the relation 1.
n=c/v=no—k 2
Where:
(v) is the velocity of light in the thin films ,(c ) is the velocity of the light in the vacuum and
(no) is the real part of refractions index .Also the extinction coefficient is related to absorption
coefficient () by the relation [,
K=a)/4n (3)
Absorption coefficient (o) represents the relation of decreasing in intensity of radiation
through the material by following relation [
a=(1/t). (In 1/T) =2.303A/ t (4)
Where (t) is the thickness of the thin film, and (T) is the transmittance.
Refractive index (n) associated with the reflectance of thin film by the relation[!l,

n = {( 1+R)/1-R)? — (k2+1)}*2 + (1+R /1-R) (5)
The reaction between the light and the charges of the medium occur by presses of the
absorption of energy in material and that lead to polarized of the medium's charges, this

polarization decrypted by the complex dielectric constant for the medium by the relation
[12,13]
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€ =& -§ (6)
Where ; (&r) is the real part of the dielectric constant,
(i) is the imaginary part of the dielectric constant.

From the last relation the real and imaginary parts of the dielectric constant are calculated as

following :

g -&=(n-k)? (7)

g = n?—Kk?(8)

g =2nk 9)

As direct band gap semiconductors, the incident photon energy (hv),absorption
coefficient(a),and optical energy gap (Eg) are related by the following relation[8]:

hva = A (hv — Eg )" (10)

It was found that n = % is the best fit for our results(allowed direct transition)get:

(ahv)?= A (hv—Eg) (11)

Where(A ) is a constant

The optical properties( absorbance ,transmittance , reflectance, refractive index ,extinction
coefficient ,real part and imaginary part of dielectric constant of the films as a function of
wavelength in the range (300-900 nm) are shown in figures(1-7)respectively. We can observe
from these the all optical properties decreases with increasing the wavelength and the
thickness except absorbance.

The variation of (ahv)? versus photon energy for Cr.Osfilms at different thickness are plotted
in fig (6). optical band gap(Eg)can be evaluated by extrapolation of the liner part to be(
3.862,3.75 eV)for (1350 ,1600 A) respectively .the variation of (ahv)? versus photon energy
for Cr20zsfilms at different thickness are plotted in fig (6). optical band gap(Eg)can be
evaluated by extrapolation of the liner part to be( 3.862,3.75 eV)for (1350 ,1600 A)

respectively .
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Fig(1) Absorbance of Cr.03 against wave length at different thickness films.
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Fig(2) Transmission spectra of Cr203 against wave length at different thickness films.
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Fig(3) Reflectance spectra of Cr203 against wave length at different thickness films.
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Fig (4) Refractive index of Cr203 against wave length at different thickness films.
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Fig(5) Extinction coefficient for Cr203 against wave length at different thickness films.
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Fig (6): (ahv)? for Cr203 against photon energy at different thickness films.
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Fig(7) Real and imaginary part of dielectric constant for Cr.0O3 against wave length at

different thickness films.

References
1.Md. Julkarnain ,J.Hossain,K.Sharif ,K.A.Khan "Temperature effect on the electrical
properties of Chromium oxide (Cr.0Oz) thin films "Journal of Optoelectronics and advanced
materials 2011,Vol.13.N05.p485-490.
2. M.G.Hutchins,Surf.Tech.(1983).20.301.
3. S.Sahooand C.Binek .Philosophical Magazine Letter ,(2007).,8793-40,p259-268.
4. S.K.Poznyak,l.D.Makut and AL-Kulak; Solar Energy Materials .(1989)Vol.8,p357-364.
5. K.A.M.AbdEI-Kader,S.F.AbdelHamied,a.b.Mansour,A.M.YEI-Lawindy and F.EI-
Tantaway,effect of the molecular weights on the optical and mechanical properties of poly
(vinyl alcohol) films ,polymer Testing , ,(2002)Vol.21,pp.847-850.
6. K.Chopra,”" Thin films phenomena” McGraw-Hill ,New York ,1969.

Vol: 12 No:1, January 2016 160 ISSN: 2222-8373



DIYALA JOURNAL FOR PURE SCIENCES

v

Effect of Thickness on Optical Properties of (Cr.03) Thin Films Prepare:

By Chemical Spray Pyrolysis Technique
Amir .F.Dawood .AL-Niaimi.& Nithal .Ali.Mahmood

7. Ziad Tariq Khodair, et al. Iragi Journal of Physics,2012Vol.10,No.17,pp.83-89.

8. M .Mahaboob.M.A nusuyab and V.Chemical Engineering and Applications, (2012)1,2124-
133.

9. S.M.Sze"Physics of Semiconductor Devices".Jon Wily and sons, New York, 1981.second
edition.

10. A.Haidar and G.Simon,Ensg.Tech.Journal, ,(2009)27,14 2653-2665.

11. O.S.Heavens "Thin films physics" .Halasted press, Jon Wily and Sons Inc,New York
,1973.

12. J.D.Kraus ,"Electromagnetic ", Mc Graw-Hill,New York 1984.Third edition.

13. Osama .Z.Abed ,etal. Diyala Journal for pure Sciences 2013Vol.9.No.3.p.44-50.

Vol: 12 No:1, January 2016 161 ISSN: 2222-8373



