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Abstract: Thin films of Al2ZnO4 were prepared using DC sputtering technique at room temperature. One set of the films of 
different thicknesses were prepared under the same condition of preparation, another one was prepared under different rate of 
flow of argon, the last set was prepared under different pressure of the gas. The optical energy gap, Urbach tails, refractive 
index of the films, single oscillator energy and dispersion energy were studied. The effect of changing the condition of 
preparation on the optical constants was investigated. 
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1. Introduction 

It is known that transparent conductive oxide (TCO) is 
promising because of their wide range of applications in 
opto–electronic devices. Most transparent conducting oxide 
are based on SnO2, In2 O3, ZnO and their mixed compounds 
are formed by different physical and chemical techniques. 
The properties of transparent electrodes have been improved 
using sputtering methods, but there methods of deposition 
have drawback, such as their high cost the longer fabrication 
time [ 1]. Transparent conducting oxide coating will support 
the development of the next generation of photovoltaic 
components [2-4]. The electrical and optical properties of 
transparent conducting oxide films were found to depend on 
composition, structure, crystallinity defect density, surface 
roughness and dopant concentration [5-7]. The importance of 
aluminum zinc oxide Al2ZnO4 is due to its wide band gap 
which gives the uniqueness property where it has been 
weakly studied for various practical applications such as 
solar cells [ 8], flat panel display [9], surface acoustic 
devices, optical waveguide , gas sensors micro machined 
actuator [10-12]. The physical properties of the films depend 
strongly on the condition of preparation as deposition 
technique, the growth methods and post deposition treatment. 
Aluminum zinc oxide AZO is transparent for visible light, 
making them promising for optical applications. AZO is 

regarded as a distinguished substitute for indium oxide (ITO) 
because zinc oxide is a nontoxic, inexpensive and abundant 
material [13]. A lot of attentions have been paid by industry 
to develop thin AZO films. Zinc oxide is an n-type II-IV 
semiconductor with a band gap of 3.2 eV at room 
temperature [14]. Substituting a fraction of the Zn+2 ions by 
Al+3 ions serve as electron donors. Pure zinc oxide ZnO thin 
films lack stability due to adsorption of atmospheric oxygen, 
which decreases its conductivity [15]. Thus, polycrystalline 
ZnO thin films have been doped with elements from group II 
and III metal ions such as indium In, aluminum Al, gallium 
Ga, copper Cu, etc. to enhance their structural, optical and 
electrical properties [16-19]. Therefore, doping is required to 
get high transparency, stability and high conductivity. 
Aluminum zinc oxide thin film have high transmittance in 
the visible region, and low resistivity, and the optical band 
gap can be controlled using Al doping amount [20]. The 
conductivity of AZO is originated from the ionization of Zn 
interstitials and oxygen vacancies, which act as donor levels. 
Aluminum zinc oxide thin films with high c-axis oriented 
crystalline structure along (002) plane can reduces the 
electrical resistivity due to increase in carries mobility 
resulting from reducing the probability of the scattering of 
the carriers at the grain boundary and scattering frequency. 
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Also, AZO exhibit piezo electric properties, which are used 
in various pressure transducers, acousto-optic devices, 
surface and bulk acoustic wave devices. The dc magnetron 
sputtering process in used most often, due to its high 
deposition rates and process stability and reliability. Also, for 
preparing AZO films , ion beam sputtering process was used 
due to its character of the capability to fabricate high – 
packing density films by the atom by atom transport growth 
mechanism at low substrate temperature [21]. 

2. Experimental Technique 

Aluminum zinc oxide thin layers were prepared by DC 
sputtering under a base pressure of argon of 15 mTorr. The 
AZO target (from Cathey) with a purity of 99.998 % and 3 
inch diameter was used. The distance between the target and 
substrate was fixed at 11 cm. For homogeneity of the films, 
periodic motion of 2 rpm of the substrates was adopted. Thin 
films of AZO were deposited on a pre-cleaned glass substrate 
using UNIVEX 350 sputtering unit with dc power model 
Turbo drive TD20 classic (Lybold) and rate thickness 
monitor model INFICON AOM-160. The structural 
characteristics of AZO thin films were investigated by X-ray 
diffraction pattern. Philips X-ray diffractometer model X Pert 
was used for the measurements which utilized 
monochromatic CuKα = 1.5406 Ǻ radiation operated at 40 
kilovolt and 25 mA. Reflectance R and transmittance T 
measurements at near-normal incidence in the spectral range 
200-1000 nm were performed by using double beam 
spectrophotometer (JASCO model V-670 UV-VIS-NIR). The 
substrate temperature was kept at 25 oC during deposition. 

3. Theory and Calculations 

In order to obtain the optical energy gap Eop, the following 
equation was used [22]; 
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the correct value of transmittance T is given by [24]; 
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	��� is the incident photon energy, R is the reflectance, Rg 
is the reflectance of glass substrate, Ift is the intensity of light 
passing through the film-glass system, Ig is the intensity of 
the light passing through the reference glass and d is the film 
thickness. The real value of the reflectance R is given by 
[25]; 
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Ifr is the intensity of light reflected from the sample, Im is 
the intensity of light reflected from the reference mirror. 

The refractive index n  was calculated from the following 
equation [30]: 
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where παλ 4/=k  is the absorption index, and λ  the is 
incident wavelength. 

The band tails of the localized states can be estimated to a 
first approximation by plotting the absorption edge data in 
terms of an equation originally given by Urbach [26]. It has 
been reported that hν holds over several decades for a glassy 
material and takes the formula [26]  
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Using DiDomenico dispersion relationship [27], the single 
oscillator energy Eo and dispersion energy Ed can be 
calculated using the following equation: 
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4. Results and Discussion 

4.1. Factors Affecting the Optical Gap 

Thin films of Al2ZnO4 with 100, 150, 200, 250, and 300 
nm thick were deposited at the same preparation conditions 
on glass substrate at room temperature. Figure 1 depicts the 
changes of the transmittance T(%) with the incident 
wavelength revealing that the intensity of the transmittance 
decreased with increasing the thickness of the film in the 
range of wavelength from 500 nm to 700 nm due to thickness 
effect [31].  

 

Fig. 1. Variations of transmittance T with wavelength λ for as-prepared 

Al2ZnO4 thin films of different thicknesses. 

To obtain the optical energy gap, the plots 2/1)( ναh versus 
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ϑh  to 2/1)( ναh = 0.0 were found to be the best fitting as 
shown in Fig. 2 indicating indirect optical energy gap. The 
calculated values of the optical energy gap were 3.53, 3.6, 
3.62, 3.65, and 3.78 eV for the thicknesses, 100, 150, 200, 
250, and 300 nm respectively revealing increasing the optical 
gap with thickness. This can be attributed to improvement in 
the crystals, in morphological changes of the films, in 
changes of atomic distances and grain size and structural 
defects in the films [32]. 

 

Fig. 2. Plots of (αhν)1/2 vs. hν for as-prepared Al2ZnO4  thin films of different 

thicknesses. 

Four thin films of Al2ZnO4 of thickness 250 nm were 
prepared under the same condition, one of them was left as-
prepared, each one of the three films was annealed at certain 
temperature, 300, 400 and 500oC for two hours. The 
variations of the transmittance T with wavelength λ  were 
plotted in Fig. 3 revealing decreasing of the transmittance 
with increasing the annealing temperature. The decrease of 
transmittance with increasing annealing temperature may 
interpreted as due to improvement of the degree of 
crystallinity of the films and/or increase of the grain size 
which is confirmed by the X-ray analysis [33]  

 

Fig. 3. Plots of T vs. λ for as-prepared and annealed AZOat different 

annealing temperatures ofthin films of 250 nm. 

The optical gap belonging to the annealed thin films at 
300, 400 and 500 oC were 3.7, 3.75, and 3.8 eV respectively, 
indicating that increasing the optical energy gap with 
increasing the annealing temperatures ( Fig 4 representing 
the case of annealing temperature 300oC, the rest were not 
plotted for avoiding overlapping) . This may be explained as 
during the annealing process the films will have time for 
some atomic rearrangement to take place. So, some defects 
will be removed which reducing the density of dangling 
bonds, redistributing atomic distances and bond angles and 
the optical gap will then increases [34]. 

 

Fig. 4. Plots of (αhν)1/2 vs. hν for annealed Al2ZnO4 thin films of 250 nm 

thick at 300oC 

A set of as-prepared Al2ZnO4 thin film of 300 nm thick 
was prepared under different rate of flow of argon gas (5, 10, 
15, 20, 25 and 30 sccm). Figure 5 shows the transmittance 
spectra of the prepared films indicating that at incident 
wavelength 500 nm, the intensity of the transmittance was 
found to increase with increasing the flow rate of the gas 
which is in good agreement with those of the literature [35]. 

 

Fig. 5. Optical transmittance spectra of as-prepared AZO thin films 

prepared under different rate of flow of argon.  

The allowed indirect optical energy gap decreased from 
3.72 eV down to 3.6 eV with increasing the rate of flow from 
5 to 15 sccm and then became independent on the rate of 
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flow where it has the same value 3.6 eV for the rates 15, 20, 
25, and 30 sccm as shown in Fig. 6. 

 

Fig. 6. Plots of (αhν)1/2 vs. hν for as-prepared AZO thin  films prepared 

under different rate of flow of argon. 

 

Fig. 7. Transmittance spectra of AZO thin films of 300 nm thick prepared 

under different rate of flow of argon and annealed at 500oC. 

 

Fig. 8. Plots of (αhν)1/2 vs. hν for annealed AZO thin films of 300 nm thick 

prepared under different rate of flow of argon. 

The last set of the thin films was annealed at 500oC for 
2hrs and the optical measurements were carried out. Figure 8 
reveals the transmittance spectra of the annealed Al2ZnO4 
thin films prepared under different rate of flow of the gas. It 

is clear from Fig. 7 that the behavior of the transmittance of 
the annealed films confirmed the behavior of the as-
deposited. The values of the indirect optical energy gap were 
estimated from Fig. 8 and found to be 3.99, 3.95, 3.83, 3.83, 
3.83, and 3.83 eV for the films prepared under the flow rate 
5, 10, 15, 20, 25 and 30 sccm respectively. This result 
indicated that the indirect optical energy gap decreases with 
increasing the flow rate of argon up to 15 sccm and then 
become independent on the flow rate. 

Five thin films of Al2ZnO4 of the same thickness 300 nm 
and deposited under the same rate of gas flow 30 sccm, each 
film was deposited under certain argon pressure (5, 10, 20. 
30, 40 and 50 psi) at room temperature. The transmittance 
spectra showed that the transmittance decreased with 
increasing the pressure of the gas as seen in Fig.9 which is in 
consistence with results of the literature [36-38] 

 

Fig. 9. Transmittance spectra of as-prepared AZO thin films deposited under 

different pressure of argon. 

Figure 10 represents the plots of 	�����/�  versus hν for 
the as-prepared Al2ZnO4 thin films prepared under different 
argon pressure. The obtained indirect allowed optical energy 
gap belonging to each argon pressure indicated that, it was 
independent on argon pressure, since, it had the same value 
3.6 eV. 

 

Fig. 10. Plots of  (αhν)1/2 vs. hν for as-prepared AZO thin films prepared 

under different pressure of argon. 
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The five thin films of Al2ZnO4 of the same thickness 300 
nm were deposited under the same rate of gas flow 30 sccm 
and each film was prepared under certain argon pressure (5, 
10, 20. 30, 40 and 50 psi) and annealed at 500oC temperature 
for 2hrs. Figure 11 depicts the transmittance spectra of these 
annealed films revealing that increasing argon pressure was 
accompanied with decreasing the transmittance. Besides, 
annealing the films did not affect the values of the 
transmittance compared with those belonging to the as-
prepared ones. The indirect optical energy gap of the 
annealed films estimated from Fig. 12 indicated that found to 
has the same value 3.5 eV. 

 

Fig. 11. Transmittance spectra for annealed AZO thin films at 500oC 

deposited under different pressure of argon. 

 

Fig. 12. Plots of  (αhν)1/2 vs. hν for annealed AZO thin films at 500oC 

deposited under different pressure of argon. 

From above, it can be said that thickness and annealing 
temperature affect the optical energy gap, whereas, changing 
the rate and value of pressure of argon have not affect the 
optical energy gap. 

From above, it can be said that the optical energy gap is 
affected apparently with changing thickness annealing 
temperature, and rate of low specially the annealed films; on 
the other hand, changing the pressure of the gas has not 
affect the optical gap. 

4.2. Factors Affecting the Refractive Index 

The variations of the refractive index n with wavelength 
was for thin films of different thicknesses were demonstrated 
in Fig13. It is obvious that the refractive index decreased 
monotonically with increasing the wavelength showing 
normal dispersion of the films of thicknesses 200 and 250 nm 
respectively. On the other hand, the films of thicknesses 100, 
150 and 300 nm showed a slight decrease with increasing the 
wavelength.  

 

Fig. 13. Variations of the refractive index n with wavelength for as-prepared 

AZO thin films of different thicknesses. 

The changes of the refractive index n with changing the 
incident wavelength for the thin films annealed at different 
temperatures were demonstrated in Fig. 14 where the 
refractive index decreased with increasing the wavelength in 
the range from 900 to 1600 nm revealing normal dispersion.  

 

Fig. 14. Variations of the refractive index with wavelength for annealed AZO 

thin films of 250 nm thick at 300oC , 400oC, and 500oC 

Regarding the results of the effect of changing both the 
thickness and annealing temperature on the refractive index, 
it was found that he refractive index behaves as normal 
dispersion with wavelength in spite of changing both the 
thickness and annealing temperature. 
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4.3. Factors Affecting Urbach Tails 

The width of the band tails of the localized states (Urbach 
tails) Eu for the thin films of different thicknesses were 
estimated from the slop of the plots of Ln(α ) vs. hν  as 
shown in Fig. 15. The values calculated values of Eu were 
found to be 0.64, 0.55, 0.55, 0.58 and 0.70 eV for the 
thickness 100, 150, 200, 250, and 300 nm respectively. The 
decreasing of the of the Urbach tails confirm those of the 
optical energy gap, where widening the optical gap has the 
same meaning of shrinking the width of the localized states. 

 

Fig. 15. Plots of Ln α vs. hν for as-prepared AZO thin films of different 

thicknesses. 

The dependence of the width of the band tails of the 
localized states Eu on annealing temperatures were calculated 
from the slope of the relations Ln α  - hν  as shown in Fig. 
16. The values of Eu were 0.60, 0.62, and 0.75 eV for the 
annealed films at 300, 400, and 500oC respectively. It is clear 
that Urbach tails had the tendency of decreasing with 
increasing the annealing temperatures except for that 
annealed at 500oC. These results are consistent with those 
belonging to optical energy gap of the annealed films.  

 

Fig. 16. Plots of Ln α vs. hν for annealed AZO thin films of 250 nm thick at 

different annealing temperatures. 

Urbach tails of the thin films prepared under different rate 
of argon were calculated from Fig. 17 and found to be 0.63 � 
0.02 eV for the rate of flow from 5 up to 30 sccm 
respectively, which agree with results of optical gap.  

 

Fig. 17. Plots of Ln(α) vs. hν for as-prepared thin films of Al2ZnO4 under 

different flow of argon. 

 

Fig. 18. Plots of Ln α vs. hν for AZO thin films deposited under different 

pressure of argon at room temperature. 

 

Fig. 19. Plots of Ln α vs. hν for annealed AZO thin films at 500oC deposited 

under different pressure of argon. 
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Urbach tails from belonging to as-prepared Al2ZnO4 thin 
films deposited under different argon pressure were 
calculated from Fig. 18 which depict the relation Ln(α) 
versus photon energy. The values of Eu found to have the 
same value 0.53�0.02 eV indicating also that the width of 
the bands of the localized states were independent on argon 
pressure. The calculated width of the band tails at the 
localized states of the annealed films at 500 oC for 2hrs found 
to has the same value 0.62�0.02  eV except for the film 
prepared under argon pressure 50 psi as shown in Fig. 19. 

The previous results indicated that Urbach tails increased 
with increasing both of thickness and annealing temperature, 
whereas both of rate and pressure of the gas has not affect the 
width of the bands of the localized states. 

4.4. Parameters Affecting the Single Oscillator and 

Dispersion Energy 

The single oscillator energy Eo and dispersion energy Ed 
were calculated for the films of different thicknesses and 
others annealed at different temperatures are recorded in 
table 1. As seen in table 1, the single oscillator energy 
increase with increasing both of thickness of the film and 
annealing temperature, whereas, the dispersion energy has a 
tendency of decreasing with both thickness and annealing 
temperature. 

Table 1. Single oscillator energy, dispersion energy for thin films prepared 

under different conditions. 

Thickness 

nm 
Ed eV Eo eV 

Annealing 

temperature oC 
Ed eV Eo eV 

100  2.70 0.87 300 3.32 2.37 
150  2.93 0.92 400 3.01 2.42 
200 3.23 1.29 500 3.11 2.74 
250 3.47 1.42    
300 3.64 1.41    

5. Conclusion 

The above results reveal that the optical energy gap 
increases with both the film thickness and the annealing 
temperature, whereas both the rate and pressure of the gas 
has not affect the optical gap. Our results showed that the 
refractive index has normal dispersion in case of changing 
both the thickness of the films and annealing temperature. 
Urbach tails found to confirm the optical gap energy results. 
Single oscillator energy found to increase with thickness and 
annealing temperature. Dispersion energy has a tendency to 
decrease with both of thickness and annealing temperature. 
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