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Abstract:

Thin films of ZnO:Al about ongum were deposited on glass substrates using spray
pyrolysis technique . The optimum spray conditionsre identified to obtain good
compatible between optical and film homogeneousbpprties. The optical parameters
were calculated depending on transmission spectruithe range (0.3-0.85) um. The
fundamental absorption in the band to band tramsivvas also investigated and energy gap of
3.25 eV was recognized in term of the imaginaryt parthe dielectric constant.

Introduction

Extensive research on transparent metades have been carried on at different
places around the world They include. mainly thwide films with various proper dopants. The
distinguished properties of these films can be samred by its n- type semi conducting
properties due to the existence of ionization darwergy level below the conduction band. ZnO
thin film has many applications in technology, #ed in microwave transmission lines [1], gas
sensor equipments and has a widely used in mydatilasolar cells. The transparency for
these films has a broad band width for visible lijecause of its relatively large energy gap
(3.0-3.3) eV, and it has electrical mechanical deumefficient larger than that of electrically
unploarizcd materials [2,3] .There are many repoatscerning the methods of preparation. The
most commonly used methods are vacuum evaporatdn dputtering [5] and spraying
pyrolysis method [6] . The first two methods canulsed to prepare films with high transmittance
and low electrical resistively but characterizedhwa high cost and in addition a high working
temperature is required during preparation procds® third method is characterized with a low
cost and provides films with desired propertiesreonoer high quality thin films can be obtained
by satisfying the optimum spraying conditions. Tdpical properties of' transparent conducting
zinc oxide films prepared by spraying pyrolysis hoet were studied in the u.v-visble region [7].
It was observed that pure ZnO films has high rasist about 1.5 x18 Q.m
which is decreases by doping with Indium and redehsaturated value 1Q.m[8].
In this study zincoxide thin films doped with Alene prepared by spraying pyrolysis technique.
The optical parameters comprise absorption coefiici, refractive index. And extinction
coefficient are evaluated in the optical specégion .The fundamanted absorption in the band
to band transition was also investigated in terirtb® imaginary part of the dielectric constant .

Experimental details

ZnO films has been prepared by spray pgislynethod .A mixture solution (0.7)M from
desolving ZnO into Hcl was sprayed on a quartz tsatesheated to 4060 .
Doping with Al was carried out by desolving ALT)M into Hcl with doping ratio (1:1000). The
spraying parameters were kept unchanged duringapation process ,the sprayed period was
kept at 15 seconds followed by 45 second stowdalaexcessive cooling . The distance between
substrate and spray nozzle was 33 cm . the sprayvas 15 cm3 /min.
In order to obtain uniform and homogenous filmthe substrate were kept under constant
rotation during spraying process . It was foundt th change in the spraying rate will caused
defects such as stacking faults and vacancieseirilth which may increase the internal stress.
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Optical studies were carried out by measuring thasmission spectrum of the thin film using
pye-unicam Sp8-100 . Spectrophotometer, were tiespectrum was normalized with quartz as
a reference substrate.

Results and discussion

The optical properties of ZnO:Al films haleen studied by recording the ratio transmission
Spectrum of films having different thicknesse&e transmittance of the thin film deposited on
transparent substrates given by [9].
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Raf,Rig, 1, Ng, a. And t are air —film & film substrate reflectiofdimé&
Substrates refractive index absorption coedfiti and film thickness respectively .In the

region of band to band transition the absorptioscidarge that made expf )>> Rar Ry exp(-
at) and the interference term is very small ,tfeneequ.(1)can be written as:

T=Be™ T )
The transmission ratio for two films with differettickness is given by:
Tiz=exp(and) e 3)

Where Ad is the thickness difference of two films. Theckimess difference can be considered as
a thickness of a hypothetical film that is resulfemin putting the thicker sample in the sample
beam and the other one in the reference of thergpéotometer.

Figure(1)shows the spectral dependence of the rgppetitansmittance in the wave lengths range
(300-900)nm

Where sharp absorption edge can be seen in tladuental absorption region . All prepared
films exhibit a high transmittance (about 80%)ie thsible region , which is nearly similar to that
observed for ZnO and ZnO:Al

Prepared by RF sputtering method [10] .

It was observed that a blue shift in the absorptidge was associated with doping with AL[7-11].
Moreover the absorption edge in polycrystallidaO thin films was dependent on the details of
preparation conditions.

The absorption coefficient of the films can be a#dted from the ration transmission according to
this relation .

a=(2.303/Qd) log /Ty - (4)

The extinction coefficient k Was calculated fromolving the absorption coefficient where;

47k
o= 7
Figure (2) shows the variation ofr and K with Iv . The drastic behavior of K can be noticed in
the low energies due to the onset of the electamsitions to the conduction band .

The refractive index n is related to the k anchfhe normal incidence by the relation:

R= (n-1? +k?
(n+1)? +k?
The spectral variation on of the refractive inds»hown in figure(3) . It was also observed that

the behavior of n has qualitative similarity tottled the single crystal ZnO [12].1t is well known
that calculated energy gap depending on opticabratien data provides an accurate way than

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com



Optical properties of Aluminum-Zinc oxide thin filisy..

other methods where this method summarizgglotting the @Ad)*"

relationship ofr with has in the equation :
a=a (hv-AE)" - (6)

with hv according to the

Where n is a number has a definite value as %2, 2/2r 3 depending on the transition type that
occurred through the energy gap (direct or inditeabsition ) [13] . Since according to this
method a value of energy gap is nearly 3 .25 ar#D 3V has been calculated for pure and doped
films respectively .Further more the opticalngiion was also investigated depending on the
relationship between the optical and electricaides , following Maxwell equation , where the
refractive index and the extinction coefficientetated to the dielectric constant according to :

81=n2-k2 """""""""" (7)

€2=2nk e 8)

Where g, ande; are the real and the imaginary part of theedieic constant .

Figure (4) shows the spectral variation&f and €, with hv .

The fundamental transition in the band to bandsitiam in the term of imaginary part of dielectric
constant is given by [14].

(hv)* €% =c(tv-AE)  h>E

€ =0 vhE

Where c is a constant almost independent on thmznhmergy .

Figure (5) show the relationship between)the”; versus h .At high photon energy the
extrapolation of the straight line towjie%-o

gives a value of band gap about 3.21 eV for dopets f. The reduction of the energy gap can be
explained as the result of comparison between tao parameters [15] . First is the Burstein —
Moss band filling effect which has a positive effen increasing band gap with increasing the
carriers concentration and second the charactemsiiure and strength of interaction potentials
between donors and the host crystal which leathriolsage the band gap , which was observed to
be the prevailing one .

The gap shrinkage does not depend on the methcazhrople preparation but it represents a
fundamental property of the semiconductor . Acargdio the prevailing optical properties of
these films , they can be used as antireflectiaticg on solar cell with a value of refractive
index satisfying the mismatch behavior betweenstihieon and air refractivendex.

Conclusion

Thin film of ZnO doped with Al has been prepdre by spraying pyrolysis
technique. The optical properties involved energyp,gabsorption coefficient , index and
extinction coefficient have been investigated . Madue of energy gap of the films was
found to serve as a window reflection film .Theiskage in the energy gap was explained due
to the prevailing of interaction potentials betwedonors and the host crystal.
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Figure (1) the relationship between thetransmittance and tile wavelength.
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Figure (2) the variation of a and k with hv.
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Figure (3) thevariation of n with hv.
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Figure (4) the spectral variation of g€ and & with hv.
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Figure (5) shows the plote of (hv)* & versus photon energy.
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