
Iraqi Journal of Physics, 2014                                                                                             Vol.12, No.24, PP. 75-80 

 75 

Urbach energy and dispersion parameters of Indium doped ZnO 

 thin films   

  2Nadir Fadhil Habubi, 3, Khalid H. Abass2Sami Salman Chiad ,1Saad Farhan Oboudi 

Iraq ,Baghdad University, Baghdad College of Science,, Physics Department1 

Iraq ,Mustansiriyah University, Baghdad-Al ege of Education,Coll, Physics Department2 

Iraq, Babylon ,Babylon University College of Education, ,Physics Department3 

E-mail: saadoboudi@hotmail.com

Abstract Key words 
 The characterization of ZnO and ZnO:In thin films were confirmed 

by spray pyrolysis technique. The films were deposited onto glass 

substrate at a temperature of 450°C. Optical absorption 

measurements were also studied by UV-VIS technique in the 

wavelength range 300-900 nm which was used to calculate the 

optical constants. The changes in dispersion and Urbach parameters 

were investigated as a function of In content. The optical energy gap 

was decreased and the wide band tails were increased in width from 

616 to 844 eV as the In content increased from 0wt.% to 3wt.%. The 

single–oscillator parameters were determined also the change in 

dispersion was investigated before and after doping. 
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 المشوبه بالانديوم هطاقة أورباخ ومعلمات التفريق لأغشية أوكسيد الزنك الرقيق

 2, نادر فاضل حبوبي3, خالد حنين عباس2, سامي سلمان جياد1سعد فرحان عبودي

 قسم الفيزياء, كلية العلوم, جامعة بغداد, بغداد, العراق1

 لعراققسم الفيزياء, كلية التربية, الجامعة المستنصرية, بغداد, ا2

 قسم الفيزياء, كلية التربية, جامعة بابل, بابل, العراق3

 ةالخلاص

، التحلل الكيميائي الحراري تقنية بواسطة ZnO:Inوالمشوبه بالانديوم ZnO النقية  الزنكأغشية أوكسيد  درست      

سجل طيف اذ  البصرية القياسات درست أيضا .Co450 ةالأغشية على قواعد من الزجاج بدرجه حرار رسبت

 التغيرات من وقد تم التحقيق الضوئية. الثوابت لحساب( نانومتر  033-333الامتصاصية في مدى الأطوال الموجية )

ازداد  الضوئية بينما فجوة الطاقة انخفضت .كداله لنسبة التشويب بالانديوم أورباخ معلمات التفريق وطاقة في الحاصله

تم حساب طاقة . %3wtالى  %0wt من In نسبةبزيادة  فولتون الكتر 488الى  616من  ذيولال نطاقعرض 

 المتذبذب المفردة كذلك التغير في معلمات التفريق قبل وبعد التشويب.

 

Introduction 

      Zinc oxide (ZnO) is one of the most 

multifunctional semiconductor material used 

in different areas for the fabrication of 

optoelectronic   devices    operating   in   the  

 

 

 

blue and ultraviolet (UV) region [1]. 

Furthermore, it is one of the most potential 

materials for being used as a transparent 

conducting oxide (TCO) because of its high 
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electrical conductivity and high transmission 

in the visible region [2]. Doping ZnO with 

selective elements can recognize appropriate 

optical, electrical, and magnetic properties, 

which is important for their practical 

application. 

      ZnO can be doped with a wide variety of 

ions to meet the demands of several 

application fields. Among the various 

dopants for ZnO films always group III 

elements such as Al [3], In [4], and Ga [5] 

are usually used as Dopants, and In have 

been determined to be the most suitable 

materials. In particular, indium-doped ZnO 

(IZO) nanostructures are regarded as a 

promising candidate for transparent 

conductors [6], gas sensors [7], and photo 

detectors [8], due to their good physical 

properties. It is well known that the physical 

properties of a film are strictly controlled by 

the deposition conditions, even though in the 

case of spray pyrolysis the solution 

conditions are very important as well [9].  

      In the present study, pure and In-doped 

ZnO thin films were prepared by spray 

pyrolysis technique, it is simple and 

inexpensive experimental arrangement, ease 

of adding various doping materials, 

reproducibility, high growth rate and mass 

production capability for uniform large area 

coatings [10]. Therefore, the invention 

provides very cheap and simple method, 

compared to alternative methods, for 

manufacturing zinc oxide films. The optical 

characterization of ZnO films were 

investigated for a better understanding of its 

physical properties. 

 

Experimental details  
     Thin films of zinc oxide have been 

prepared by chemical pyrolysis method. The 

spray pyrolysis was done by using a 

laboratory designed glass atomizer, which 

has an output nozzle about 1 mm. The films 

were deposited on preheated glass substrates 

at temperature of 450°C, the starting 

solution was achieved by an aqueous 

solutions of 0.1M Zn (CH3COO)2.2H2O and 

0.1M InCl3 which was used as a doping 

agent with a concentration of 1wt.% and 

3wt.%. These materials were diluted with 

de-ionized water and ethanol formed the 

final spray solution and a total volume of 50 

ml was used in each deposition. With the 

optimized conditions that concern the 

following parameters, spray time was 10 s 

and the spray interval (3min) was kept 

constant. The carrier gas (filtered 

compressed air) was maintained at a 

pressure of 105 Nm-2, distance between 

nozzle and substrate was about 29 cm ±1 

cm, solution flow rate 5 ml/min. Thickness 

of the sample was measured using the 

weighting method and was found to be 

around 0.3μm. Optical absorption spectra 

were recorded in the wavelength range (300-

900nm) using UV-visible spectrophotometer 

(Shimadzu Company Japan) in order to 

investigate the effect of Indium doping on 

the parameters under investigation. 

  

Results and discussion 

     Study of the optical absorption for the 

investigated films, particularly the 

absorption edge has proved to be very useful 

for elucidation of the electronic structure of 

these materials. The optical absorption 

spectra of the tested films as a function of 

doping concentration are shown in Fig.1. 

These spectra indicate that the films have 

low absorbance in the visible and near 

infrared regions. However, absorbance in the 

ultraviolet region is high. It has been 

observed that the maximum absorption peak 

shifts towards the longer wavelength with 

increasing the InCl3 concentration. This 

suggests the decrease in the band gap which 

is an indication that the introductions of 

shallow donor level due to doping of 

indium, and it have been created in the 

region between the conduction and the 

valance band. 
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Fig. 1: Absorptance spectra versus wavelength. 

 

     The tail of the absorption edge is 

exponential, indicating the presence of 

localized states in the energy band gap. The 

amount of tailing can be predicted to a first 

approximation by plotting the absorption 

edge data in terms of an equation originally 

given by Urbach [11], the absorption edge 

gives a measure of the energy band gap and 

the exponential dependence of the 

absorption coefficient on photon energy hυ 

takes the following form: 

  α = αo exp (hυ/EU)                                  (1) 

     

where αo is a constant and EU is interpreted 

as the width of the tails of localized states in 

the gap region. To evaluate the values of αo 

and EU, the plot of α in logarithmic scale as 

a function of photon energy hυ is shown in 

Fig.2. The reciprocal of the slope of each 

line yields the magnitude of EU and its 

values for different In concentrations of the 

films are listed in the Table 1. It is clear that 

In dopant increases the width of the tail of 

localized states and decreases the energy gap 

of ZnO films. Using Eq.(1) at a constant 

temperature, a graph representing ln(α) on 

the y-axis and hυ on the x-axis in the range 

of the Urbach tail would yield a straight line 

with a slope equal to σ/kT, where σ , known 

as the steepness parameter, is a temperature-

dependent parameter characterizing the 

broadening of the absorption edge due to 

electron–phonon or exciton–phonon 

interactions [12,13]. 

 

 
Fig. 2: Lnα versus photon energy. 

 

 The optical conductivity was calculated 

using the relation [14]: 






4

cn
                                              (2) 

where c is the velocity of light. Fig. 3 shows 

the conductivity values of the ZnO and 

ZnO:In  films at room temperature. It was 

observed that the optical conductivity 

increases as the percentage of In in the PVA 

increase to 3wt.%. 
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Fig. 3: Optical conductivity versus wavelength. 

   

   The refractive index dispersion data were 

evaluated according to the single-effective-

oscillator model [15, 16] using the following 

relation: 

n2 = 1 + [Ed Eo / Eo
2− E 2]                         (3) 

 

where Ed and Eo are single oscillator 

constants, Eo is the energy of the effective 

dispersion oscillator, Ed the so-called 

dispersion energy, which measures the 

intensity of the inter band optical transitions. 

The oscillator energy Eo is an average of the 

optical band gap, Eopt, can be obtained from 

the Wemple–Didomenico model. This 

model describes the dielectric response for 

transitions below the optical gap. 

Experimental verification of Eq. (3) can be 

obtained by plotting (n2−1)−1 versus (hυ)2 as 

illustrated   in  Fig. 4 which  yields a straight 

 

line for normal behaviour having the slope 

(EoEd)
-1 and the intercept with the vertical 

axis equal to Eo/Ed. Eo and Ed values were 

determined from the slope, (EoEd)
−1 and 

intercept (Eo/Ed) on the vertical axis. Eo 

values decreased as the optical band gap 

decreases. According to the single-oscillator 

model, the single oscillator parameters Eo 

and Ed are related to the imaginary part of 

the complex dielectric constant, the 

moments of the imaginary part of the optical 

spectrum M−1 and M−3 moments can be 

derived from the following relations [17]: 

 

  Eo
2 = M−1 / M−3                                     (4) 

  Ed
2 =M3

−1 / M−3                                     (5) 

 

    The values obtained for the dispersion 

parameters Eo, Ed, M−1 and M−3 are listed in 

Table 1. For the definition of the 

dependence of the refractive index n on the 

light wavelength (λ), the single-term 

Sellmeier relation can be used [18]: 

 n2 (λ) − 1 = So.λo
2

 / 1 − (λo/λ)2                 (6) 

 

where λo is the average oscillator position 

and So is the average oscillator strength. The 

parameters So and λo in Eq.(6) can be 

obtained experimentally by plotting            

(n2 –1)−1 against λ−2 . From Fig.5, the slope 

of the resulting straight line gives 1/ So, and 

the infinite-wavelength intercept gives 1/ So 

λo
2. The calculated values of So and   is 

shown in Table 1. Eo is an average energy 

gap and can be related to the optical band 

gap Eg in close approximation Eo   2 Eg , 

the results  shows in  Table 1 a decrease in 

band gap which may be attributed to the 

presence of unstructured defects, that 

increase the density of localized states in the 

band gap and consequently decrease the 

energy gap [19-21]. 
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Table 1: The optical parameters. 

Sample 
Eo 

(eV) 

Ed 

(eV) 

Eg 

(eV) 
n(o) 

  

So 

x1013 

m-2 

o 

 

M-1 

eV-2 

M-3 

eV-2 

EU 

(eV) 

Pure 6.80 13.35 3.40 1.72 2.96 3.780 501 1.96 o.o423 616 

1wt.% 6.32 15.81 3.16 1.87 3.50 5.758 491 2.50 0.0625 691 

3wt.% 6.20 25.90 3.11 2.27 5.16 8.788 459 4.18 0.1076 844 

 

Fig. 4: Variation in (n2 – 1) −1 as a function of (hυ)2 of ZnO:In films. 

 

 

Fig. 5: Variation in (n2 – 1) −1 as a function of (λ)-2 of ZnO:In films. 
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Conclusions  

      Pure and In doped ZnO thin films were 

deposited onto preheated glass substrate by 

spray pyrolysis at a temperature 450 ◦C. 

Absorbance spectra were used to determine 

the optical constants of the films, and the 

effects of doping percentage on the optical 

constants were investigated. With increasing 

the doping percentage to 3wt%, the optical 

conductivity of the prepared films increases, 

also the optical constants increases.  

     The single–oscillator parameters were 

determined. The change in dispersion was 

investigated before and after doping and its 

value increased from 13.35 for the un-doped 

films to 25.90 for the doped films with 

3wt% of In. 

 

References  

[1] G. J. Exarhos, and S. K. Sharma, Thin 

Solid Films, 270, 1-2 (1995) 27-32. 

[2] E. Fortunato, A. Goncalves, A. Pimentel, 

P. Barquinha, G. Goncalves, , L. Pereira,  I. 

Ferreira, R. Martins, Appl Phys A Mat Sci 

Proc., 96 (2009) 197–205. 

[3] C.E. Benouis, A. Sanchez-Juarez, Aida 

MS, J. of Appl. Sci., 7, 2 (2007) 220-225. 

[4] Girjesh Singh, S. B. Shrivastava, Deepti 

Jain, Swati Pandya, T. Shripathi and V. 

Ganesan, Bulletin of mat. Sci., 33,5 (2010) 

581-587. 

[5] E. Fortunato, L. Raniero, L. Silva, A. 

Gonc¸alves, A. Pimentel, P. Barquinha, H. 

Aguas, L. Pereira, G. Gonc¸alves, I. Ferreira, 

E. Elangovan, R. Martins, Sol Engy Mat. 

Sol Cells, 92 (2008) 1605–1610. 

 

 

 

 

 

 

 

 

 

[6] Day-Shan Liu, Chun-Ching Wu and 

Ching-Ting Lee, Jpn. J. Appl. Phys., 44 

(2005) 5119-5121. 

[7] B. L. Zhu, D. W. Zeng, J. Wu, W. L. 

Song, and C. S. Xie, J. Mater. Sci. Mater. 

Electron, 14 (2003) 521-526.  

[8]  P.T. Liu, Y. T. Chou, and L. F. Teng, 

Appl. Phys. Lett., 94, 24 (2009) 242101. 

[9] S. Major, A. Banerjee, and K. L. Chopra, 

Thin Solid Films, 108 (1983) 333-340. 

[10] A.V. Moholkar, S.M. Pawar, K.Y. 

Rajpure, C.H. Bhosale, Journal of Alloys 

and Compounds, 455 (2008) 440–446. 

[11] F. Urbach, Phys.Rev., 92,5(1953) 1324. 

[12] A.Abu El-Fadl, A. S.Soltan, N. M. 

Shaalan, Opt. Laser Technol., 39 (2007) 

1310-1318. 

[13] H.Mahr, Phys. Rev., 125 (1962), 1510-

1516. 

[14] J. I. Pankove, Optical processes in 

semiconductors, Dover Publications, Inc. 

New York, (1975) 91. 

[15] S. H. Wemple, DiDomenico, Phys. 

Rev., B3 (1971) 1338-1351. 

[16] S. H. Wemple, Phys. Rev., B7 (1973) 

3767-3777. 

[17] H. E. Atyia, Optoelectron. Adv. 

Material, 8 (2006) 1359-1366. 

[18] Wemple, S. H., DiDomenico, J. Appl. 

Phys., 40, 2 (1969) 720-734. 

[19] H. El-Zahed, A. El-Korashy, M. 

A.Rahem, Vacuum, 68 (2002) 19-27. 

[20] K. W. Liu, M. Sakurai, and M. Aono, J. 

of App. Phy., 108 (2010) 043516. 

[21] M. Caglar, S. Ilican, Y. Caglar, Thin 

Solid Films, 517 (2009) 5023–5028. 

 

 

 

 

 

 

 

 

 

 


