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Abstract  
           In this paper, Nanocrystalline TiO2 and CuO doped TiO2 thin films were successfully deposited on 

suitably cleaned glass substrate at constant room temperature and different concentrations of CuO 

(0.05,0.1,0.15,0.2) wt% using pulse laser deposition(PLD) technique  at a constant deposition parameter such 

as : (pulse Nd:YAG laser with λ=1064 nm, constant energy 800 mJ, with repetition rate 6 Hz and No. of 

pulse (500). The films were annealed at different annealing temperatures 423K and 523 K. The effect of 

annealing on the morphological and electrical properties was studied. Surface morphology of the thin films 

has been studied by using atomic force microscopes which showed that the films have good crystalline and 

homogeneous surface. The Root Mean Square value of thin films surface roughness is increased with the 

increase of annealing temperature. Also, the grain size increases with the increasing of CuO concentration 

and annealing. The temperatures dependence of the electrical conductivity and the activation energy at 

temperature ranging from (293-473) K of the as-deposited and films annealed at different annealing 

temperatures have been studied. The results show that as the film concentration of and conductivity 

increases, while the activation energy (Ea1, Ea2) decreases. Both, the annealing and composition effects on 

Hall constant, charge carrier concentration, Hall mobility were investigated. Hall Effect measurements show 

that all films have n- type charge carriers, and the concentration and annealing increase carriers concentration 

while the mobility decreases. 
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 -الخالصة:

يُظفح  تشكم يُاسة  تذرجح حزارج انغزفح   ػهً ارضُاخ سجاجُح  (CuO)انًطؼًح تًادج  (( TiO2فٍ هذا انثحث ذى ذزسُة يادج        

تاسرخذاو نُشر انُُذيُىو َاك  (PLD) ذزسُة انهُشر انُثضٍ ذقُُح  تطزَقح  %CuO (0,0.5,0.1,0.15,0.2) wt وترزاكُش يخرهفح يٍ يادج

وكاٌ ػذد انُثضاخ انًسرخذيح     6Hzذل ذكزاريؼ, 800m ػُذ طاقح ثاترح  1064nm  انًىجٍانطىل تًؼهًاخ ذزسُة ثاتره وهٍ  انُثضٍ 

 ذى .انخصائص انكهزتائُح و انسطح طثىغزافُح(.ذى اسرقصاء ذأثُز انرهذٍَ ػهً 423K , 523) K( وقذ نذَد تذرجاخ حزارج يخرهفح500)

ٌ  AFM) يقاَُس   (. اكذخAFM) انذرَح انقىي يجهز تاسرخذاو انسطح طثىغزافُح دراسح ٌ   طح  س ن ها األفالو   ( تأ  قُى  واٌ  جُذ   يرجاَس   ته ىر

(RMS )ج انحثىب   حجى   سَادج أَضا  و. حزارج درجح    تشَادج   ذشداد وانخشىَح انزقُقح نألغشُح درسد ذأثُز كًا وانرهذٍَ.  CuO ذزكُش   تشَ اْد 

ٍ   انرىصُم   تذرجاخ حزارج يخرهفح ػهً  انًرزسثح نألفالو درجح انحزارج  .وكاَد k(293-473)وانرٍ كاٌ يذاها  انرُشُظ   وطاقح   انكهزتائ

 ػهً وانر ْهذٍَ انرزكُة   ذأثُزاخدرسد  وودرجاخ انحزارج .  Cuoانُرُجح سَادج انرىصُهُح انكهزتائُح وقهد طاقح انرُشُظ يغ سَادج ذزاكُش يادج

و  انرزكُشوتشَادج   nُح يٍ انُىع انسانة نها حايالخ شح األفالو ك م   وقذ ذثٍُ. انرحزكُح  و (NH) ذزكُش َاقالخ انشحُح، RH ،ثاتد هىل 

ُْقص   تًُُاانرهذَُاخ ذشداد حايالخ انشحُح   .انحزكح قاتهُح   ذ 

 

 ثُائٍ اوكسُذ انرُراَُىو ،ذقُُح انرزسُة تانهُشر انُثضٍ ،انطثىغزافُح ،انخصائص انكهزتائُح. :لمفتاحٍحالكلماخ ا
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Introduction:  

       Etymologically, nanotechnology is a Greek word which meant “dwarf”. It can be defined as the science 

and technology of small things – in particular, things that are less than 100nm in size with different shapes of 

spherical nanoparticles, nanorods, nanoribbons, nanobelts and nanoplatelets [1]. One nanometer is 10-9 

meters or about 3 atoms long. A human hair which is about 60-80,000 nanometers wide is a case in point [2]  

      Nanomaterial becomes available and useful in all the main daily life applications such as in: medicine, 

solar cells, water purification, pharmaceutical and catalysts [3,4]. 

    TiO2 is a multifunctional material with remarkable chemical, electronic, and optical properties. TiO2 

membranes have been extensively studied because of their potential for application as antireflective and 

protective coatings for optical elements [5], filters [6] photo catalysts[7], dielectrics in thin-film capacitors, 

and solar cells[8]. Crystalline (TiO2) occurs in three different structures: rutile (tetragonal), anatase  

(tetragonal)  and  brookite (orthorhombic) [9]. The anatase phase is especially adequate for those 

applications due to its crystal structure and its higher band gap of 3.2 eV compared to the 3 eV in rutile [10]. 

Copper (II) oxide has application as a p-and n-type semiconductor, because it has a narrow band gap of 1.2 

eV [11]. It is an abrasive used to polish optical equipment, produce dry cell batteries, wet cell batteries as the 

cathode, etc. [12]. It has been widely used for growing oxide films because of the simplest and low cost 

method needed to grow oxide films, also it allows for stoichiometry of the synthesized material. PLD 

technique was successfully applied for growing quality Tio2:Cuo thin films. 

 

Experimental 

TiO2:CuO nanoparticles growth 

   In this work, pulse laser deposition (PLD) is used to prepare TiO2: CuO nanoparticles using Nd: YAG 

Laser for the deposition, the targets were ablated with a laser of wavelength λ= 1064nm and no. of shot (500) 

at a repetition rate of 6 Hz and energy pulse 800mJ .TiO2(99.99%) and CuO(99.999%) materials were 

pressed under 5 ton to prepared the Pallet were sintered to temperature 973 K for 1 hour. The distance 

between the target and the glass substrate was set to 10 cm. Thermal annealing at 423K and 523 K and under 

vacuum of 3 × 10
−3

 m Torr using the vacuum oven was utilized for an one hour to anneal the thin film using 

glass slides substrate of 3 x 2 cm
2
 area. The glass slides were cleaned with dilated water using ultrasonic 

process for 15 minute to deposit the films. Also, a mask is made from a piece of aluminum foil having 

(width: 2mm, distance between electrodes 2mm) with the same size of the substrate. 

   These masks are put on glass substrates to deposit the aluminum using (Tungsten W) boat material by 

using vacuum thermal evaporation technique of type (Balzers-BAE370) under pressure (10
-5

 mbar). Various 

shapes of masks were used to determine electrical properties as shown in figure (1) 

 
 

Figure (1) Mask of different shapes and purposes (a) D.C conductivity electrodes (b) Hall effect 

electrodes 

(a)                            (b) 
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Characterization 

The effect of annealing temperatures and concentration on morphological the electrical properties such as Dc 

conductivity and Hall measurements were studied for TiO2:Cuo thin films. 

 

Results and discussion 
Atomic Force Microscopy (AFM) 

             Figure (2, 3, 4) show that AFM images for TiO2:CuO thin films deposited on glass substrate at RT 

and different annealing temperatures 423K and 523 K, with thickness about 250nm. Average grain size, 

surface roughness, Root mean square values were listed in Table (1) 

       From the topographic images, the RMS and the roughness were increased with increasing annealing 

temperatures. The possible explanation for observation is that surface mobility of atoms is high at higher 

separation, and lateral size. 

It is observed that the average grain size increases with increasing of Ta.
 
Increasing Ta can cause 

recrystallization in grains, leading to a reorientation of the film and a significant increase in average grain 

size. Consequently, the surface roughness increases with the increase in grain size.  

 

Table (1) AFM parameters of TiO2:CuO thin film for different annealing temperatures and different 

CuO content. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Average grain 

size (nm) 

Rot mean square (nm) Roughness 

(nm) 

Annealing Cu0% 

 Wt 

85.42 4.46 3.76 RT 0 

93 5.05 4.42 423k 

96.22 19.3 16.7 523k 

88.78 2.46 2.15 RT  

5 98.98 2.61 2.21 423k 

99.79 3.16 2.65 523k 

90.72 1.7 1.95 RT  

10 

 
93.97 3.33 2.77 423k 

95.76 12.2 10.6 523k 

94.06 1.91 2.21 RT 15 

95.77 2.61 2.21 423k 

98.22 2.82 2.31 523k 

92.98 3.3 2.85 RT 20 

98.77 5.61 4.89 423k 

98.81 5.64 4.99 523k 
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Fig (2) AFM images of the TiO2: CuO thin film at RT and different CuO content 

 

Cuo=0% Cuo=5% 

Cuo=10% 

Cuo=15% Cuo=20% 
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Fig (3) AFM images of the TiO2: CuO thin film at 423K and different CuO content 

 

      

                                            

       

Cuo=0% 
Cuo=5

% 

Cuo=10% 

Cuo=15% Cuo=20% 
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Fig (4) AFM images of the TiO2: CuO thin film at 523K and different CuO content 

Cuo=0% Cuo=5% 

Cuo=10% 

Cuo=15% 
Cuo=20% 
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DC Conductivity 

  Figures (5  a, b, c) show the variation of d.c. conductivity for pure and doped TiO2 films with CuO 

deposited by pluses laser on glass substrates with different doping ratio (0,5,10,15 and 20) wt% and at RT 

and annealed to different annealing temperatures (423 and 523) K with the average thickness (250) nm. 

There are two stages of d.c conductivity mechanism throughout the temperatures range (293-473K). The first 

activation energy (Ea1) occurs at higher temperatures (373-473)K due to conduction of the carrier excited 

into the extended states beyond the mobility edge. The second activation energy (Ea2) occurs at low 

temperatures (293-373)K due to the carriers transport into localized states near the valence and conduction 

bands. Whereas the values of Ea1 and Ea2 decrease with the increasing of content of Cuo as shown in table (2) 

and figures (6, 7). However, with slight change at all annealing temperature, it is concluded that the 

increasing in Cuo content leads to decrease in activation energy. It is clear from this table that the activation 

energies decrease with the increase of CuO content. The decrease of the activation energies with the increase 

of CuO content maybe due to increase of grain size (decrease of grain boundary), resulting in the lowering 

the potential barrier and consequently decreases the energy demanded to transfer the carrier from Fermi level 

to the conduction band, while the decrease of (Ea1, Ea2) with thickness results from the effect of reduction of 

energy gap. 

. 

   Figure (8) shows the conductivity increases with increasing the temperature because of the rearrangement 

that may occur during annealing at temperatures higher than substrate temperatures which produce an 

irreversible process in the conductivity and may be because the lower concentration of carrier. Table (2) 

demonstrates that as the film concentration of CuO and conductivity increases, the activation energy (Ea1,Ea2) 

decreases. This increase in the conductivity can be attributed to the increasing in the density of 

charge carriers due to the decrease of energy gap values 

 
                 (a) (b) 
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(c) 

Fig (5-a, b and c) Variation of Ln( σ) with reciprocal temperatures for Tio2:Cuo   thin films at 

(300,423,523)k  with at different Cuo dopant ratio(o,5,10,15,20)wt% . 

 

 
Fig (6) Variation of DC activation energies Ea1 with Cuo dopant  ratio TiO2  films with different  

annealing temperature. 
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Fig (7) Variation of DC activation energies Ea2 for TiO2 doped with different concentration of CuO 

and annealing temperature. 

 
Fig (8) Variation of DC Conductivity at room temperature  for TiO2 doped with different 

concentration of CuO and annealing temperature. 

 
Table (2): D.C conductivity parameters for TiO2:Cuo thin  films at different concentration of CuO and 

different  annealing temperature 

Ta(K) Cuo% wt RTX10
-5

(.cm)
-1

 Ea1(eV) Ea2 (eV) 

RT 

0 9.01E-02 0.0233 0.1011 

5 1.21E-01 0.0208 0.1001 

10 1.45E-01 0.0203 0.0862 
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Ta(K) Cuo% wt RTX10
-5

(.cm)
-1

 Ea1(eV) Ea2 (eV) 

15 2.29E-01 0.0199 0.0843 

20 2.67E-01 0.0175 0.0817 

423 

0 1.26E-01 0.0200 0.0910 

5 1.52E-01 0.0186 0.0909 

10 1.71E-01 0.0182 0.0816 

15 2.27E-01 0.0176 0.0809 

20 3.02E-01 0.0149 0.0807 

523 

0 1.45E-01 0.0143 0.0904 

5 1.67E-01 0.0137 0.0873 

10 2.25E-01 0.0115 0.0790 

15 4.04E-01 0.0104 0.0798 

20 7.45E-01 0.0083 0.0786 

 

Hall Effect 

 
    From the Hall Effect measurements, the resistivity (ρ), charge carrier concentration (nH) and carrier Hall 

mobility (μH) values were calculated and are given in table (3).
 
 Results obtained from Hall effect which 

indicate that the pure TiO2  and CuO doped TiO2 thin films have a negative Hall coefficient (n-type), i.e. Hall 

voltage decreases with the increase of the current. The Hall coefficient (RH) is determined by measuring the 

Hall voltage that generates the Hall field across the sample of thickness (t) which is given by
[13]

: 

)1..(...........
B

t

I

V
R H

H 
 

Where I is the current in (amp.) passing through the sample, t is the thickness of the film in cm and B is the 

magnetic field strength  

The nH and RH was calculated by using the relation
 [14]

. 

)2(..........
1

H

H
qR

n


  

Hall's mobility (H) can be written in the form
 [15]

 

 

 

 

 
Where q is the charge of electron and H is Hall mobility measured with (cm

2
/V.s). 

It is observed that the carries concentration decreases with increase of annealing temperature due to 

improving the crystallite size, and the recrystallization occurring due to this treatment leads to a growth of 

the main crystallite size. It is also found that the mobility decreased sharply with the increasing concentration 

of Cuo due to increase the carrier's concentration. This is typical of many polycrystalline thin films and is 

due to the existence of potential barriers in the grain boundaries. 
Increases the density of charge carriers is essentially because of the lowering the potential barrier. While the 

decreasing of mobility is come from the inverse relation between μH  and nH . 

)3.........(
.qn

H
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Fig (9) Variation of carrier concentration (n) with dopant ration for different annealing temperature. 

 

 
Fig (10) Variation of mobility (μH ) for TiO2 doped with different  concentration of CuO and different 

annealing temperature. 
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Table (3) Hall measurement of TiO:CuO thin films  prepared at different concentration of CuO and 

different annealing temperature. 

Ta (K) 

 

Cuo

% 
ρ (Ω.cm)*10-6 

nH  

(cm-3)*1010 

μH 

(cm2 .V-1 .s-1) *103 

RH 
*109 

Type 

RT 

0 1.496 0.115 5.956 5.601 N 

5 1.660 0.2423 4.454 2.579 N 

10 2.320 0.468 3.851 1.335 N 

15 2.428 0.4792 2.839 1.304 N 

20 
3.431 0.5346 1.377 

1.169 N 

423 

 

0 1.642 0.092 6.491 6.786 N 

5 1.942 0.179 5.863 3.481 N 

10 2.421 0.225 4.151 2.771 N 

15 
2.640 0.468 3.769 

1.334 N 

20 
3.701 0.475 2.148 

1.317 

 

N 

523 

 

0 1.945 0.08 7.754 7.185 N 

5 2.126 0.175 5.96 3.569 n 

10 2.732 0.194 4.251 3.22 n 

15 3.511 0.2833 4.15 2.206 n 

20 4.161 0.4095 3.213 1.526 n 

 
 

Conclusion 

 

    Nanoparticles of TiO2: CuO were grown by PLD technique from the synthesize palate at different 

concentrations of CuO . The morphology, roughness and grain size were investigated by atomic force 

microscopy (AFM). The result obtained of AFM showed the average grain size was less than100nm, the 

RMS roughness also increased with the increasing of annealing temperatures.  The electrical conductivity 

and Hall Effect were measured for films with average thickness (250) nm. The analysis of the d.c. 

conductivity illustrated that there are two stages of d.c conductivity mechanism throughout the temperature 

range (293-473K) that decreases while conductivity increases when the concentration of Cuo and annealing 

vary. Hall Effect measurements show that all films have n- type charge carriers, and the concentration and 

annealing increase carriers concentration while the mobility decreases. 

. 
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