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Abstract :-  
       Undoped and Al doped ZnO samples with 1.05 wt% of Al were synthesized by magnetron 

sputtering method. We have studied optical properties of the samples in spectral range (300 – 

900)nm.The XRD spectra shows  that the films have polycrystalline structure with  hexagonal 

phase. Al impurities do not causes observable action on structure of the films , but it reduce the 

optical transmittance of ZnO and reduce also optical band gap (E
g
) from 3.2 eV to 2.8607 eV . 

Reflectance, Extinction Coefficient (K0), Absorption Coefficient (α) and Refractive index (n) have 

higher values for ZnO:Al compared with that for ZnO. 

-: الخلاصــــت  

%wt 1.05( بطشٍقت الخشرٍز الوغٌاطَسٌ.  )كَزغَش الوشوبت والوشوبت بالالوٌَوم بخش  ZnO حضشث اغشَت   

 وحوج دساست الخظائض البظشٍت فٌ الوذى الطَفnmٌ(900-300). و بٌَج فحوطاث الاشعت السٌََت

 2.8607اى للاغشَت حشكَب هخعذد الخبلوسوبطوس سذاسٌ واى الخشوٍب لن ٍؤثش علي الخشكَب البلوسً  واًه   . 

eV 3.2الي eV  وحقلَل قَوت فجوة الطاقت هيادى الي ًقظاى فٌ الٌفارٍت البظشٍت للوادة  

للوادة الوشوبت اكبش هي حلك لغَش وكاًج قَن كل هي الاًعكاسَت ، هعاهل الخوود ، هعاهل الاهخظاص ، هعاهل الاًكساس 

 الوشوبت.
 

Introduction :- 
       Zinc oxide (ZnO) is a n-type wide band gap (Eg~3.3eV at 300K) semiconductor with optical 

transparency in the visible range. ZnO is used as transparent conducting electrode material for various 

applications such as solar cells, organic light-emitting diodes, flat panel displays, blue and ultraviolet 

light emitters, gas sensors.                                       ZnO transparent conducting films have been 

investigated by magnetron sputtering, thermal evaporation, low temperature chemical bath method, 

pulsed laser deposition, molecular beam epitaxy, sol-gel etc [1] .
 

Recently, the doping of different elements has been attempted to induce new interesting properties, 

such as for transparent electrodes . In particular, transparent conductive oxide (TCO) electrodes using 

Al-doped ZnO have attracted much attention as powerful candidate materials for ITO transparent 

electrodes [2] .                                                 
 
One of the most perspective materials for wide zone  

«windows»  for the solar cell are ZnO:Al films , obtained by magnetron sputtering method [3]. The 

purpose of this work is to study the optical properties (which include optical energy gap and optical 

constants) for ZnO & ZnO:Al .  
  

Experimental Part :-                                                           
ZnO:Al films were prepared by dc magnetron sputtering , sintered disc composed of a mixture of ZnO 

powder with  1.05 wt% Al
2
O

3 
(purity 99.98%) doping, calcined at 900

o

C in an air atmosphere for 5 

hours to be used as the targets. Argon gas 99.9998 % is used as sputter gas in pressure 6 x 10
-2

 Torr. 
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Substrate temperature equals to 200
o

C, and deposition time 1.5 hours. Target-anode distance (30 mm) 

.The film was deposited on (glass) with thickness (0.85μm). The data of the experiment and the 

specifications for X-ray test were as follows: Tube anode: Cu, Wavelength [Å]: 1.54060, Divergence 

slit : 1
o
. The optical transmittance of the undoped ZnO and ZnO:Al thin films was determined by the 

spectrophotometer within the wavelength range of 200-900nm. 

Results and discussion :- 
From figure(1) , it is clear that the film has polycrystalline structure with  hexagonal phase. The little 

concentration of Al impurities does not causes observable action on XRD of ZnO, because there is no 

peak belongs to Al ,this can be deduced easily by comparing XDR in figure (1) with that of standard 

XRD for Al in figure (2) [4] .
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure(1) Diffraction pattern of ZnO:Al with 1.05% Al, 200
o

C substrate temperature, and 

standard XRD for ZnO [5]. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2)  Standard XRD for Aluminum element. 

 

Figure (3) shows  that, the optical transmittance in the range (400-800) nm is in the range of (49-95 %) 

for undoped ZnO, in comparison with the transmittance of ZnO:Al (31-87 %) .The decreasing of 

transmission for ZnO:Al might be due to increase scattering of photons by crystal defects , and the free 

carrier absorption of photons contributed to the reduction in optical transmittance [6] .  The peak 
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oscillation in the curve might be due to the irregular surface of the film [2] . From this figure it is 

observed that the transmittance decreases at the low wavelength region, which is the spectral region of 

fundamental absorption, in this region the incoming photons have sufficient energy to excite electrons 

from the valence band to the conduction band and thus these photons are absorbed within the material 

to decrease the transmittance. For this reason, this region carries the information of the band gap of the 

material [7]. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (3) Transmittance against Wavelength for ZnO & ZnO:Al. 

 

Also Reflectance depends on the doping of ZnO film; this is clear in figure (4).                    In visible 

region reflectance of ZnO:Al is higher than that for ZnO. 

 

  

 

 

 

 

 

 

 

 

 

Figure(4) Reflectance as a function of Photon energy(eV) 
 

Figure (4)  Reflectance as a function of Photon energy (eV). 

 

The behavior of Absorption Coefficient (α) is illustrated in figure (5), at large photon energy α takes 

higher values (α≥10
4
) and then decreases with decreasing photon energy, this is attributed to the 

electronic transitions through the defect centers such as impurities [8] . 
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Figure(5) Absorption Coefficient  as a function of Photon energy(eV). 

 

Because Al-doped ZnO film is a direct transition-type semiconductors [9]
 
, the optical                                    

band gap (E
g
) – for direct allowed transition- can be obtained by plotting α

2 

vs. hν (α is the absorption 

coefficient and hν is the photon energy). The photon energy at the point where α
2 

= 0 is E
g
. The E

g 

value was determined by the extrapolation method. Figure (6) shows the results of the E
g 
values for 

both, ZnO and Al-doped ZnO  , they are 3.2 eV and 2.8607 eV respectively.  

It is important to mention that, P. SAGAR, et.al. reported that  both the average  transmittance and 

band gap are found to increase with increasing Al doping  concentrations  from 0 to 0.8 at. % [10].
 

Cut-off wavelength refers to the absorption edge, it can be calculated from the energy gap as in 

relation: λ(cut off)=1240/Eg(eV). In this study, λ(ZnO)cut-off =387.5 nm , λ(ZnO:Al)cut-off = 433.4 nm. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (6) Band gap Eg estimation for  ZnO & Zn0:Al films. 

 

The shift to lower energy due doping in the films, seem to be related to presence of localized donor 

levels (E
e
) in the band gap. The absorption coefficient α(f) in the low energy range follows the well 

knows exponential law, i.e. the Urbach law tail which it is expressed by:[11]           

                                                  α(f) = α η exp(ħf/Ee)  
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where E
e 
is interpreted as the width of the localized states in the band gap. E

e 
is estimated from the 

inverse slope of the linear plot between ln(α) vs. hf (eV)  as in figure(7) .                   In this present 

study, Ee = 0.7eV, the value of E
e 
obtained for undoped ZnO is reported to be in the range of (0.07– 

0.10) eV [12]. Hence, the higher values of E
e 
obtained in this work indicates large number of localized 

donor levels in the band gap. 

 

 

Figure(7) ln α as a function of  Photon energy. 

Extinction Coefficient (K0) represents the imaginary part of complex refractive index and it can be 

defined as the amount of energy losing as a result of interaction between the light and the charge of 

medium .[13]
 

The relation between (K0) and photon energy is illustrated in figure (8). (K0) for ZnO is smaller than 

that for ZnO:Al, because it has smaller  absorption coefficient and due to increase the structure defects 

with doping . 

 

 
 

Figure (8) Extinction Coefficient as a function of photon energy 

The behavior or refractive index in figure (9) likes that of reflectance R , because it is calculated 

depending on it as in following equation:  
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Figure (9) Refractive Index as a function of photon energy 

The electromagnetic wave will have its amplitude reduced by a factor 'e' after traversing a thickness 

(called the skin depth) χ such that:  

χ = λ / 2πk0 

which may be the order of 100 to several thousand angstroms , depending on the material [14] . Figure 

(10) shows the variation of skin depth as a function of wavelength for ZnO & ZnO:Al thin film,  from 

this figure one can conclude [15] :  

 • At short wavelengths close to the (λ
cut-off

) , the probability of absorption highly increase and 

the amplitude of the incident photons will be reduced by a factor 'e' through the short distance 

within the film thickness , then the skin depth was small .  

 • At wavelengths greater than the (λ
cut-off

) within the visible region, the absorption effect 

vanishes and the reduction in amplitude occurs after passing a larger distance, then the skin 

depth will be large.  

As it was mentioned above , the peak oscillation in the curve might be due to the irregular surface of 

ZnO film. 

 

 

 

 

 

 

 

 

 

 

 

Figure (10)  variation of skin depth as a function of wavelength. 
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Conclusions  
 

       The little concentration of Al impurities does  not causes observable action on XRD of ZnO,but it 

reduce the optical transmittance for ZnO from (49-95 %) to (31-87 %)  in visible region with 

λ(ZnO)cut-off =387.5 nm , λ(ZnO:Al)cut-off = 433.4 nm. Optical properties (Reflectance, Extinction 

Coefficient (K0), Absorption Coefficient (α) and refractive index (n)) have higher values for ZnO:Al 

compared with that for ZnO. 

The optical band gap (E
g
) –direct allowed transition- for both, ZnO and Al-doped ZnO, are 3.2 eV and 

2.8607 eV respectively. The width of localized states inside energy gap for ZnO:Al  is Ee=0.7eV 

indicating to large number of localized donor levels in the band gap.  
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