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Abstract:                                                                                          

Undoped and Co-doped zinc oxide (CZO) thin films have been prepared by 

spray pyrolysis technique using solution of zinc acetate and cobalt chloride. The 

effect of Co dopants on structural and optical properties has been investigated. The 

films were found to exhibit maximum transmittance (~90%) and low absorbance. The 

structural properties of the deposited films were examined by x-ray diffraction 

(XRD). These films, deposited on glass substrates at (400  ْ  C), have a polycrystalline 

texture with a wurtzite hexagonal structure, and the grain size was decreased with 

increasing Co concentration, and no change was observed in lattice constants while 

the optical band gap decreased from (3.18-3.02) eV for direct allowed transition. 

Other parameters such as Texture Coefficient (Tc), dislocation density ( ) and 

number of crystals (M) were also calculated .   
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  Introduction                                                                               

 Transparent conducting oxides 

(TCOs) thin films have been 

extensively studied because of their 

variety of applications. Keeping in 

view the need of low-cost TCOs that 

are required in various fields of science 

and technology [1]. Transparent 

conducting ZnO thin films are 

emerging as the most attractive 

alternative to ITO and various other 

TCOs [2]. ZnO is a very interesting 

material for many different 

applications in both microelectronic 

and optoelectronic devices [3]. It is a 

wide-band gap oxide semiconductor 

with a direct energy gap of about 3.37 

eV [4], with high optical transparency 

in the visible and near-infrared region 

of electromagnetic spectrum, and has a 

high refractive index (1.9). Due to 

these properties, ZnO is a promising 

material for solar cell applications, 

such as antireflection coatings [5]. ZnO 

 

 thin films can also be used for gas 

sensing because of high sensitivity to 

many gases [6]. Dilute magnetic 

semiconductors (DMS) produced by 

doping transition metal (TM) ions into 

non-magnetic semiconductors have 

attracted a great deal of interest [7]. 

Comparing with other TM (e.g., Fe, 

Ni, V, Cr, Mn) doped ZnO, the 

identical viewpoint is that the ZnCoO 

system is a promising material because 

of the highly solubility and the 

excellent ferromagnetic near room   

temperature [8]. ZnO thin films have 

been deposited by several techniques 

such as sputtering [9], pulsed laser 

[10], sole-gel [11], and spray pyrolysis 

[12]. In contrast, the spray pyrolysis 

technique has been only rarely used 

although this process presents many 

advantages: (i) it is a low-cost and 

simple technique, and (ii) it allows the 

possibility of obtaining films with a  
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large area [13]. Fitzgerald et al. [7] 

prepared single crystalline (CZO) films 

by pulsed laser with (110) preferred 

orientation and optical transmission of 

70%.                                                       

In this work, we report the growth of  

O thin films (x=0, 2, 4, 6, 8) xCox-1Zn

% on glass substrate by spray pyrolysis 

technique and the influence of cobalt 

doping on the structural and optical 

properties of ZnO thin films.                  

Experimental details     
ZnO and CZO thin films were 

deposited using the spray pyrolysis 

technique. A homogeneous solution 

was prepared by dissolving zinc 

acetate (Zn(CH3COO)2.2H2O) (0.1M) 

and cobalt chloride (CoCl2) in (100 ml) 

distilled water. The solution was stirred 

for 15 min. The glass substrates were 

cleaned in acetone, rinsed in distilled 

water, and subsequently dried before 

deposition. The substrate is then placed 

on the hot plate which heated before 

progressively until the deposition 

temperature is reached. All films were 

deposited at 400 ˚C during 20 min with 

a flow rate fixed at 5 ml/min. The 

structures of ZnO and CZO samples 

were characterized by X-ray 

diffraction, Type Philips PW 1840, 

Target Cu. The optical measurements 

were performed using Shimadzu UV-

VIS double beam spectrophotometer in 

the wavelength range (300-900) nm. 

 

Results and discussion 
In order to study the effect of the 

nominal Co concentration on the 

O thin xCo1−xstructural properties of Zn

films, various dopants levels were used 

to obtain x values of (0, 2, 4, 6 and 8) 

%. The XRD patterns of the as 

deposited films with different doping 

concentrations are shown in Fig. 1. As 

can be seen from this data, all films are 

polycrystalline with hexagonal 

wurtzite structure and have preferred 

orientation along (002) direction. 

These results were in agreement with 

the results of (Bacaksiz et al.) [14]. No 

diffraction peaks of CoO or other 

impurity phases are found in these 

samples. It is to be noted that the 

intensities of the characteristic peaks 

increase with increasing Co 

concentration. The average grain size 

(G) decrease with increasing Co 

concentration while the lattice 

constants (a and c) and interplanner 

spacing (d) remain nearly constant. 

The values of the other structural 

parameters are shown in table (2.1)      
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Fig.1. the XRD patterns of ZnO and CZO thin films deposited on glass substrate. 
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Table (2.1) the results obtained from XRD measurements

TC 

 

FWHM 

  (002) 

(deg) 

d(002) 
(Å) 

Lattice Constants 
M 

15*10 2-m 

δ 
15*102 -m 

G nm 
 
 

 

Sample 

c(Å) a(Å) 

1.9 0.355 2.605 5.210 3.244 43 1.8 24 Pure 

1.8 0.481 2.605 5.210 3.245 110 3.3 17 2%Co 

1.9 0.504 2.605 5.210 3.251 122 3.6 17 4%Co 

2.2 0.417 2.606 5.212 3.252 59 3.4 20 6%Co 

2 0.475 2.604 5.208 3.251 82 3.1 18 8%Co 

 

Fig.2. shows the transmittance of all 

the as deposited films. It’s clearly seen 

that the transmittance increase with 

increasing Co concentration. This 

interesting feature can be related to the 

solubility of Co-atoms in the ZnO 

structure [14]. There are three small 

Co2+ characteristic absorption bands at 

560 nm, 610 nm, and 660 nm. These 

absorption bands are correlated with 

the d–d transitions of tetrahedrally 

coordinated Co2+ ions which are 

assigned as 4A2(F)-2E(G), 4A2(F)-       
4T1(P), and 4A2(F)-2A1(G) transitions 

in a high spin state Co2+ (d7), 

respectively. The observation of these 

characteristic absorption bands 

indicates that the Zn2+ ions are 

replaced by Co2+ ions. In other words, 

Co ions exist in a tetrahedral crystal 

field in the +2 state without destroying 

the wurzite crystal structure of ZnO 

[15].  

Fig.3 shows the optical band gap of all 

the as deposited films. It can be seen 

that the optical band gap decrease with 

increasing Co concentration. The 

decrease in optical band gap is mainly 

due to the   sp–d exchange interaction 

between the localized d-electrons of 

Co2+ ions and band electrons of ZnO 

[16]. This result was in good 

agreement with the result of 

(Fitzgerald et al.) [7]  .                            

 
 

 
Fig.2. optical transmittance spectra 

of ZnO and CZO thin films 

deposited on glass substrate.      
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Fig.3. the optical band gap of ZnO and CZO thin films

 

Conclusion 
ZnO and CZO films were deposited by 

spray pyrolysis technique on glass 

substrate at 400˚C. XRD results 

showed that the structure of all films 

were hexagonal with a strong (002) 

preferred orientation. The adding of Co 

dopant led to a decrease in the average 

grain size and a stable maximum 

increase in the transmittance in (IR) 

region which can be useful in 

optoelectronic devises.                          
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 الخواص التركيبية والبصرية لأغشية اوكسيد الخارصين المشوبة بالكوبلت

(CZO) المحضرة بتقنية التحلل الكيميائي الحراري
 

 **نادر فاضل حبوبي   *رامز احمد الانصاري   *ارحيمة كاظم مرفت
 

 ، كلية العلوم للبنات، جامعة بغدادالفيزياءقسم *
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لخلاصـة:ا
بتقنية التحلل الكيميائي  (CZO)تم ترسيب أغشية اوكسيد الخارصين النقية والمشوبة بالكوبلت

الحراري، وباستخدام محلولي اسيتات الخارصين وكلوريد الكوبلت. وقد تمت دراسة تأثير التشويب بالكوبلت 

 )~(%90. وكانت الأغشية المحضرة ذات نفاذية عالية على الخواص التركيبية والبصرية للأغشية المحضرة

وامتصاصية واطئة. درُست الخواص التركيبية باستخدام حيود الاشعة السينية، وكانت  هذه الأغشية المرسبة 

، ذات تركيب متعدد التبلور ومن النوع السداسي المتراص، وقد (C˚400)على قواعد زجاجية عند درجة حرارة 

، ولم يتم ملاحظة تغيير كبير في ثوابت الشبيكة، بينما  (Co)وُجد أن الحجم الحبيبي يقل مع زيادة تركيز الكوبلت

ة . وقد تم حساب بقي(3.02eV)الى  (3.18eV)قلت فجوة الطاقة البصرية ذات الانتقال المباشر المسموح من 

 .  (M)وعدد البلورات )δ(وكثافة الانخلاعات  (Tc)مثل عامل التشكيل المعلمات التركيبية

 


