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Abstract Key words 

   The electrical properties of pure NiO and NiO:Au Films which are 
deposited on glass substrate with various dopant concentrations 
(1wt.%, 2wt%, 3wt.% and 4wt.%) at room temperature 450 Co 
annealing temperature will be presented. The results of the hall effect 
showed that all the films were p-type. The Hall mobility decreases 
while both carrier concentration and conductivity increases with the 
increasing of annealing temperatures and doping percentage, Thus, 
indicating the behavior of semiconductor, and also the D.C 
conductivity from which the activation energy decrease with the 
doping concentration increase and transport mechanism of the charge 
carriers can be estimated. 
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الخواص الكھربائية للاغشية الرقيقة لاوكسيد النيكل النقي والمشوب بالذھب المحضرة 

 باستخدام ترسيب الليزر النبضي

كامل جمال، ايمان ناجيرائد   

 قسم الفيزياء، كلية العلوم، جامعة بغداد، بغداد، العراق

 الخلاصة
الخواص الكھربائية للاغشية الرقيقة لاوكسيد النيكل النقي والمشوب بالذھب المرسبة على الزجاج بتراكيز     

. C̊ 450حرارة التلدينبدرجة حرارة الغرفة ودرجة ) wt.%, 2wt%, 3wt.% and 4wt.%) 1تشويب مختلفه
تحركية ھول تقل بينما كل من تركيز الحاملات والتوصيلية تزداد . P- typeنتائج تاثير ھول بينت ان كل الافلام 

من خلال توصيلية ال . مما يدل على سلوك اشباة الموصلات، مع زيادة درجة حرارة التلدين ونسبة التشويب
D.C فان طاقة التنشيط تقل مع زيادة تركيز التشويب ويمكن حساب الية النقل لحاملات الشحنة.  

  
Introduction  
Nickel oxide (NiO) is the most 
exhaustively investigated transition 
metal oxide. It is a NaCl                       
type antiferromagnetic oxide 
semiconductor. It offers promising 
candidature for many applications such 
as solar thermal absorber [1], catalyst 
for O2 evolution [2], photoelectrolysis 
[3] and electrochromic device [4]. NiO 
is also a well-studied material as the 
positive electrode in batteries [5]. Pure 
stoichiometric NiO crystals are perfect 
insulators. Several  efforts   have  been  

 
made to explain the insulating behavior 
of NiO. Appreciable conductivity can 
be achieved in NiO by creating Ni 
vacancies or substituting Li for Ni at 
Ni sites [6]. Gold is a soft, yellow 
metal with the highest ductility and 
malleability of all the elements. Pulsed 
laser deposition (PLD) is a very 
important and powerful technique for 
the growth of thin films of complex 
materials. It consists of three major 
parts, laser, vacuum system and 
chamber [7]. 
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3. Hall Effect 
The Hall measurements showed that 
the pure NiO and NiO:Au (different 
doping concentrations of Au) thin 
films deposited on glass substrate at 
R.T. and 450  ̊C annealing temperature 
are (P- type) semiconductors. The Hall 
parameters for the P- type films which 
include conductivity σ, Hall coefficient 
RH, carrier concentration nH, and 
mobility μH are shown in Tables 3 and 
4. The data show increased carrier 
concentration by increasing Au dopant 
concentration. Such behavior is 
expected as a result of the 
substitutional doping of Au+3 at the 
Ni+2 site creating one extra free carrier 
in the process. As the doping level is 
increased, more dopant atoms occupy 
lattice sites of nickel atoms resulting in 
more charge carriers. Thus, the 
conductivity increases with increasing 
dopant concentration [12]. 
The mobilityμH of the NiO:Au films 
decreases with increasing dopant 

concentration. In this case, a high 
dopant concentration will lead to 
ionized impurity scattering from the 
substitutional donors and scattering 
from the interstitials [13], resulting a 
decrease in the mobility of the NiO:Au 
films. The overall variation in nH and 
μH can be understood in terms of the 
position of Au in the NiO lattice. A 
decrease in μH at dopant concentrations 
may be due to the interstitial 
occupancy of Au in the NiO lattice. 
The presence of Au at interstitial sites 
and grain boundaries in the form of 
oxide, besides decreasing grain size, 
may act as scattering centres and result 
in a decrease in the observed mobility 
at dopant concentration. From this 
result, one may conclude that adding a 
small amount of Au in NiO material 
enhances the conductivity of the NiO 
because the conductivity of the Au is 
higher than NiO. 
 

 
Table 3: Electrical properties of pure NiO and NiO:Au thin films prepared at different 

Au dopant concentrations at R.T. 
Sample σ R.T(Ω.cm)-1 RH(cm3/C) n (cm-3)×1012 type μH (cm2/V.sec) 

pure 4.17E-06 1.56E+07 0.4 p 65.057 

0.1 3.35E-04 9.45E+04 66.1 p 31.658 

0.2 2.39E-03 3.00E+03 2083.3 p 7.170 

0.3 4.69E-03 5.00E+02 12500.0 p 2.345 

0.4 8.46E-03 7.15E+01 87412.6 p 0.605 

 
Table 4: Electrical properties of pure NiO and NiO:Au thin films prepared at 
different Au dopant concentrations at 450o C annealing temperature. 

Sample σ(Ω.cm)-1 RH(cm3/C) n (cm-3)*1012 type μH (cm2/V.sec) 

pure 1.94E-05 5.32E+06 1.2 p 103.194 

0.1 7.50E-04 3.50E+04 178.6 p 26.250 

0.2 5.18E-03 1.20E+03 5208.3 p 6.216 

0.3 1.13E-02 2.00E+02 31250.0 p 2.260 

0.4 2.00E-02 2.20E+01 284090.9 p 0.440 
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