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ABSTRACT

Optical propertiesof chromiumoxide Cr,O, thin filmswhich were prepared
by the spray pyrolysis method have been experimentally characterized, the
films were deposited onto a glass substrate at a temperature of 450°C by
spray pyrolysis technique. The as-prepared film was annealed at a
temperature 550 ‘C. Transmittance spectrawere used to determinethe optical
constants of the films, and the effects of the annealing temperature on the
optical constants were investigated. Transmittance measurements show
that the absorption edge suffers a red shift and the optical constants of
Cr,O, filmsincreases as the annealing temperature increased to 550 °C.

The single-oscillator parameters were also determined. The change in
dispersion was investigated before and after annealing. The optical energy
gap decreased from 3.08 to 2.95 eV after annealing. Analysisreveal ed that
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the transition isindirect allowed one.
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INTRODUCTION

Magnetictrangition metal oxidesarevery important
materia sfor applicationsin magnetic and magneto dec-
tronic devices. Of particular interest nowadaysischro-
miumoxidesCr O , duetothevariety of their applica-
tionsinanumber of fieldssuch asprotective coatingsfor
read-write headsin digital magnetic recording units, ap-
plicationsinvolving corros on/oxidation resistance, and
inglasshlowing gpplications*4. Oneof theseoxidesis
Cr,O, whichistheonly solid chromium oxidethat is
thermodynamicaly sableat temperatureshigher than 500
°C4, Alsoitisthehardest oxide, and exhibitshighhard-
nessvauesand low friction coefficients®

Ingenerd, chromium oxidecan bedeposited by vari-

oustechniques, including chemical vapor deposition
(CVD)®, ion implantation!”, remote plasmaassisted
pulsed laser deposition™?, plasmaspraying?, evapora-
tion®®, AC sputtering technique®, and spray pyrolysis™.

Inour previousstudy wereported the effect of an-
nealing on someoptica parametersof Cr, O, thinfilms,
thestudy showed that dl these parametersareincreased
astheannealing temperatureincreased to 550 °C. In
what follows, we emphasize the effect of thermal an-
nealing onthedispersion parametersof Cr,O, thinfilms
prepared by the spray pyrolysismethod.

METHODS

Thinfilmsof chromium oxide havebeen prepared
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by thechemicd pyrolysismethod. Thespray pyrolysis
was done by using alaboratory designed glassatom-
izer, which hasan output nozzleabout 1 mm. Thefilms
were deposited on preheated glass substrates at tem-
perature of 450°C, the starting solution was achieved
by an aqueous solutionof 0.1 M of CrCl, diluted with
de-ionized water and ethanol, formed thefinal spray
solution and atotal volume of 50 ml wasusedin each
deposition. With the optimized conditionsthat concern
thefollowing parameters, spray timewas 10 sand the
spray interval (3min) waskept constant. The carrier
gas(filtered compressed air) wasmaintained at apres-
sure of 10°Nm2, the distance between the nozzle and
the substrate was about 29 cm+1 cm.

Thickness of the samplewas measured using the
weighting method and wasfound to bearound 0.3 um.
Optical transmittance and absorbance were recorded
inthewave ength range (300-900nm) usng UV-visble
spectrophotometer (Shimadzu Company Japan). The
asdeposited filmswere subject to annealing tempera
tureat 550 °C. Optica transmittance and absorbance
wererepeated after annealing in order tofind the effect
of anneding onthe parametersunder investigation.

RESULTSAND DISCUSSIONS

Thetransmittance (T) and reflectance (R) spectra
of Cr,O, film before and after annealing are showniin
Figures1 and 2 respectively. Where we can use these
spectrato determine optica band gap and optical con-
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stantsof thefilm, wecan seefrom thesefiguresthat the
absorption edge hasbeen dightly changed after annedl -
ing.

Theinvestigation of the spectrum of theabsorption
coefficient inthefundamenta region and near thefun-
damental edgeasshownin Figure.3 providesuswith
vauableinformation about the energy band structure of
the material™.
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Figure3: Absor ption coefficient ver suswavelength.

In order to show the effects of annealing tempera-
ture, the absorption edgewasinvestigated for thefilm
annealed at temperature 550 “C. The optical absorp-
tion edgewas determined by the optical absorption, a
simple method that provides explaining features con-
cerning the band structure of thefilm. The optical ab-
sorption edgewas andyzed by thefollowing relation-
ship®:
ahv=A(hv-E )" 1)
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Wherehv isthe photon energy, E, theoptical band gap
and A isaconstant. misthe power that characterizes
thetransition processand it cantakevauessuch as2,
1/2, 1/3, or 3/2. Theexperimental datawerefitted to
thetheoretica Eq. (1) For different vauesof mandthe
best fit was obtained from = 1/2 whichisfound to be
most suitablefor Cr,O, thinfilms, sinceit givesthebest
linear plot inthe band edgeregion, thisbehavior indi-
cated that thetransitionsare alowed direct transitions.
The functiona dependence of (ahv)¥? versus photon
energy isshowninFigures4 and 5. Theoptical band
gapsdetermined fromthesecurvesarelisted in TABLE
1. It can be seen that the optical absorption edge ex-
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hibitsdight red shift withincreesngannedingtempera:
tureto 550 °C.

Therefractiveindex dispersion datawere evalu-
ated according to the single-effective-oscillator
modd 618 using thefollowing relation:
n?=1+[E,E /E2 (hv)] )

The physical meaning of the single-oscillator en-
ergy E isthatit smulatesall theelectronic excitation
involved and E isthedispersion energy related to the
average strength of the optical transitiong®. In practice
the dispersion parameters E and E  can be obtained
accordingto Eq. (2) by asimpleplot of (> 1)*ver-
sus(hv)? asshownin Figure(6). Thevaluesof E and
E, can bedirectly determined from theslope and the

| Raiepriint intercept on the vertical axis. Accordingtothesingle-
] / oscillator model, thesingle oscillator parameterskE_and
s E,arerelated totheimaginary part of the complex di-
§ ] / €l ectric congtant; the moments of theimaginary part of
& 1007 A the optical spectrum M , and M , moments®, can be
i ] i derived fromthefollowing relations:
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definition of the dependence of therefractiveindex n
onthelight wavelength (7), thesingle-term Sellmeier
relation can be used™™:

TABLE 1: Theoptical parameters

Sample Eo(€V) Eaq(eV) EgeV) n() &  SHx10°m? A nm  Miev? Miev?
Before Annealing 6.16 17.6 308 196 385 2.19 30521 315 0.075
Before Annealing 5.9 19.03 295 205 422 2.83 289.73  3.23 0.092
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n?(h) —1=S .2/ 1—(h [A)? 4
Where), istheaverageoscillator positionand S isthe
average oscillator strength. The parameters S and |
in EQ. (4) can be obtained experimentally by plotting
(n?—1)*against 2. From Figure 7, the slope of the
resultingstraight linegives 1/ S, and theinfinite-wave-
lengthintercept gives1/ S ) 2
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CONCLUSIONS

Cr,O, thinfilms deposited onto aglass substrate
by spray pyrolysiswere prepared at atemperature 450
°C. Transmittance spectrawere used to determinethe
optica congtantsof thefilms, and theeffects of anned -
ing temperature on the optical constantswereinvesti-
gated. By increasing the annealing temperatureto 550
°C, theoptica bandgap of the prepared filmsdecreases.
Redshift of theoptical bandgap of thefilmsare corre-
lated with theimprovement and degradation of the qual-
ity of theCr, O, film, withincreasing theannealing tem-
peratureto 550 ‘C the optical constant increases.

Thesngle-oscillator parameters were determined.
Thechangein dispersion wasinvestigated beforeand
after annedling. Theoptica energy gap decreased from
3.08t02.95¢€V after anneding. Analysisreveal ed that
thetypeof transitionistheindirect.
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