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ABSTRACT 
Thin films of titanium dioxide (TiO2) with several copper ratios 

were deposited on glass substrates using pulsed laser deposition 

(PLD) for pure and doped samples (TiO2 Pure, 1 % Cu, 2 % Cu, 

and 3 % Cu), energy (600 mJ), and frequency (6 Hz).  X-ray 

diffraction (XRD) showed that the width of the peaks decreases 

with increasing the ratio of doping with copper. This leads to an 

increase in the crystal size and in the intensity of the copper 

peaks, as well as a gradual decrease in the intensity of the 

titanium dioxide peaks. The results of the atomic force 

microscope showed that increasing the inoculation percentage 

leads to an increase in the surface roughness and the average 

grain diameter, and thus an increase in the growth of the particle 

size. The electrical tests (Hall effect) showed that the prepared 

films are of (n-type) and that the concentration of carriers (n) 

increased with the doping ratio, while the mobility values (µH) 

decreased directly with the increase in copper. The electrical 

conductivity (DC) test showed an increase in the activation 

energy as a result of the increase in the copper inoculation 

percentage and thus the electrical conductivity increases.   
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 والكهربائية لأغشية أوكسيد التيتانيوم النانوية تأثير التطعيم بالنحاس على بعض الخصائص التركيبية 
 2، زهير ناجي مجيد*1محمد عادل رزوقي

 العراق   -تكريت  - ت جامعة تكري – كلية التربية للعلوم الصرفة  – قسم الفيزياء  1-2
 الملخص 

  ديناييا تيا م   (PLD)على ق شعت زج ج ك ب سييوال ت تقن ك شيورسيي ا ب يل لن شين  يي   TiO)2 (شين   يك شيرق قك تم ترسيي ا شيةيي ك يد ايي ت شيو و     

(Pure, 1 % Cu, 2 % Cu, & 3% Cu 2TiO  دشيي قك )600 mJ) دتردد )(6 Hz) ،ح  د شلأشيياك شيايي ن ك    يظهر فحص(XRD)    إن عرض

شيو و       شيقلم يقل مع زي دة  اييي ك شيويا م ب ينح ب دب يو ي  ي دل شيى زي دة شيحام شي ل نل نشفل  يت  تن قص تتنيا  ف  شيييتة قلم أن س  يد اييي ت 

 دل شيى زي دة خةي  ك شيايي  إن زي دة  اي ك شيويا م تماهر شيق ة شيذنيك  دب نت  و سج    عنت زي دة  اي ك شيويا م دتلشيت ف  شيتة شيقلم ب يناي ك يلنح ب، 

  (n-type)دقت ب نت شيفح صي ت شيههرب س ك )تثأ ر و ت( إن شلأيةي ك شيلح يرة مو       دماتت قير شيح    ت، دب يو ي  زي دة ف   ل  شيحام شيح    

ديظهر فحص  اييي ك شيويا م،    ( تون قص بةيييهل يردل مع زي دةHµ( تلدشد مع زي دة  اييي ك شيويا م، دشن ق م شيوحر  ك )nشن ح ملات شيةيييحنك )د

 ( زي دة ي قك شيونة ط  و اك شيلي دة ف   ا ك شيويا م ب ينح ب دب يو ي  زي دة شيو ص ل ك شيههرب س ك.  DCشيو ص ل ك شيههرب س ك )

تثأ ر و ت، شيو صييي ل ك  ح  د شلاشييياك شياييي ن ك، ماهر شيق ة شيذنيك،   يد اييي ت شيو و     ، شينح ب، شيورسييي ا ب يل لن شين  ييي ،   الكلمات المفتاحية:

 شيههرب س ك.

 

Introduction  

Pulsed laser deposition (PLD) depends on the deposition of a thin film as a result of the interaction between the 

laser and the sample material using a laser beam of high intensity. The laser system consists of three main 

components: laser light, deposition chamber, and vacuum system [1]. A laser beam focuses on the sample. If the 

laser energy is greater than the threshold energy of the sample, the material will be converted into vapor. In this 

way, thin films are produced [2,3]. Pulse laser deposition has achieved a great success due to its low costs 

compared to other technologies. It is used in many types of materials: metals, electrical insulators, semiconductors, 

polymers, ferroelectric and organic materials [4,5]. At this time, a recent research is heading towards the field of 

transparent conducting dioxides (TCOs) because of their technological importance, and their multiple uses in solar 

cells, infrared detectors, and transparent transistors [6,7]. Among these dioxides, titanium dioxide (TiO2) is one of 

the important compounds because of its unique optical and electrical properties [8]. So, it has many uses and 

applications, such as microelectronic devices, electronic gates, capacitors, solar energy fields, gas sensors, paper, 

and plastic industry [9,10]. Titanium dioxide (TiO2) has three phases, which are Anthase (Tetragonal), Rutile 

(Tetragonal), and Brookite (Rhombic). The rutile phase is the most stable phase, as it has the highest absorbance 

and the smallest energy gap (3.05 eV) [11,12]. Copper is a transition metal element that rarely has a natural color 

other than gray or silver. Copper, in its pure state, is red-orange, and when exposed to air becomes close to red 

[13]. Copper is characterized as a metal that has very high thermal and electrical conductivity, and it is soft, 

malleable, and ductile [14,15]. Copper is used in many fields, the most important of which are as a conductor of 

electricity and heat, and in thermocouples to measure temperature and strain gauges, and it is the main component 

of many metal alloys [16]. One of the chemical properties of copper is that it does not interact with water but 

reacts slowly with atmospheric oxygen to form a layer of black and brown copper dioxide. This layer protects the 

base metal from additional corrosion [17]. This study aims to improve the electrical conductivity of titanium oxide 

nanofilms by adding copper with different ratios.  

1- The Experimental Part 

Titanium dioxide powder (TiO2) with a high purity of (99.99 %) was compressed, and then doped with copper 

whose purity was (98.8 %), using different doping ratios (1, 2, & 3 %). After that, the mixed powders were 

compressed with a pressure of (8 ton) using a hydraulic press to prepare samples weighing (2 gm) in the form of 

tablets, and then deposit them on glass substrates using PLD (Nd: YAG) optical laser system, energy (600 mJ), 

wavelength (1064 nm), frequency (6 Hz), distance of (2 cm) between the sample and the glass substrate, the 

number of pulses used (1000), low pressure (10-3 mbar), at laboratory temperature. 
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2- Results and Discussion 

2-1 Structural Properties 

2-1-1 The Results of X-ray Diffraction  

The results of X-ray diffraction (XRD) for titanium dioxide nanofilms showed four peaks (110), (101), (211), 

(200) for angles (27.50°, 36.04°, 54.23°, 56.78°). The crystalline structure of titanium dioxide films was 

(Tetragonal). The effect of doping with copper showed a gradual decrease in the intensity of the titanium dioxide 

peaks when the doping ratio increases and an increase in the intensity of peaks of the doping material. Copper 

appeared in three peaks (111, 200, 220) and angles (43.31°, 50.44°, 74.12°), the crystalline structure of copper is 

Cubic, as shown in Figure (1). The deposition process by pulsed laser has an effect that leads to the deposition of 

more layers on the outer surfaces of the thin films. This improves and increases the crystallization process and 

allows the largest number of granules to collect on the surface of the films. This result is consistent with the results 

found in [18]. It is noted that the width of the peaks decreases with the increase in the ratio of doping with copper. 

This leads to an increase in the crystal size, i.e. there is an inverse proportionality, according to Scherer’s equation, 

through which the crystal size of the peaks is calculated. This result agrees with that found in [19]. 

G.S= Kλ / β cosƟB............(1) 

Where G.S is the grain size, k is constant= 0.9, λ is the wavelength, β is the full width at half maximum (FWHM), 

and ƟB is the Bragg diffraction angle. 

 
Figure (1). X-ray diffraction of titanium dioxide films doped with copper 

 2-1-2 Atomic Force Microscope (AFM) 

The results of the atomic force microscope measurement showed a change in the surface shape and roughness of 

the titanium dioxide films depending on the increase in the doping ratios. This means that the increase in the ratio 

of copper leads to an increase in the regularity and arrangement of the atoms and their growth in size and an 

increase in the value of the root mean square of the films. This in turn leads to an increase in the roughness of 

films and the growth rate of the size of the particles [20]. At the same time, increasing the doping ratio leads to an 

increase in the surface roughness and particle diameter. So, the increase in the surface roughness leads to an 

increase in the particle size growth [21], as clarified in Table (1) and Figure (2). 
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Table (1): The results of the atomic force microscope 

Average diameter(nm) r.m.s (nm) 
Average 

Roughness (nm) 
Content % 

70.543 5.123 4.751 TiO2 Pure 

73.765 7.432 6.432 1% Cu 

82.467 8.564 7.789 2% Cu 

91.758 8.979 8.543 3% Cu 

 
Figure (2): A: Pure titanium dioxide, B: Titanium dioxide doped 1 %,  

C: Titanium dioxide doped 2 %, D: Titanium dioxide doped 3 % 

3- Electrical Properties 

3-1 Hall Effect 
Deposition conditions and crystal structure affect the electrical properties of thin films. The electrical properties 

were studied by employing Hall effect. Titanium dioxide nanofilms were of (n-type) conductivity, and thus the 

charge carriers were electrons, resulting from interfacial threads of titanium nano-ions or donor oxygen vacancies 

[22]. Table (2) and Figure (3) illustrate the main values of Hall effect. The increase in the concentration of carriers 

(n) decreases with the Hall potential. It is noted that probability (µH) decreases directly with the increase in the 
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doping ratio, while the decrease in potential is due to the inverse relationship between probability (µH) and 

concentration of carriers (n) [23]. 

 µH= σ / ne.q ………….(2)  
Where µH refers to probability, σ is conductivity, ne is the concentration of carriers, and q is the electron charge = 

1.602×10-19 C. 

Table (2): The Hall Effect Values for Titanium Dioxide 

Type 
𝑹𝑯 × 𝟏𝟎𝟒 

(𝒄𝒎𝟑/𝑪) 

𝛔 × 10−2 

(𝛀−𝟏. 𝒄𝒎−𝟏) 

𝛍𝐇 × 𝟏𝟎𝟑 

(
𝐜𝐦𝟐

𝐞𝐕. 𝐬
) 

𝐧𝐇 × 𝟏𝟎𝟏𝟒 

(𝐜𝐦−𝟑) 
Samples 

N -1.365 1.54 2.33 4.109 TiO2 Pure 

N -1.784 2.646 2.177 4.624 1% Cu 

N -2.312 2.865 0.323 5.147 2% Cu 

N -2.857 3.145 0.136 5.769 3% Cu 

 
Figure (3). Diagrams of Hall values  

3-2 Electrical conductivity (DC) 

A study of the electrical conductivity of the prepared samples showed that the electrical properties had a significant 

effect on their crystal structure and deposition conditions. When the temperature increases, there is an increase in 

conductivity with a decrease in resistance. This is a prevalent characteristic in semiconductors. Then, the activation 

energy is calculated, i.e. the first activation energy is within the range (239 – 373)K, while the second activation 

energy is within the range (373 – 453)K, which is greater than the energy of the first activation [24]. While 

increasing the concentration of carriers leads to an increase in the electric current with an increase in electrical 

conductivity. Table (3) and Figure (4) illustrate the electrical conductivity values. 
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Table (3): the electrical conductivity values 

Rang(K) Ea2 ×10-2 eV Rang(K) Ea1 ×10-2 eV Samples 

373 – 453  4.13 293 – 373  0.732 TiO2 Pure 

373 – 453  5.41 293 – 373  1.84 1% Cu 

373 – 453   5.97 293 – 373  2.31 2% Cu 

373 – 453  6.32 293 – 373  2.93 3% Cu 

 
Figure (4). the electrical conductivity graph 

Conclusions  

In this study, the pulsed laser deposition (PLD) technique was used to prepare titanium dioxide nanofilms and 

study the effect of copper on some of its structural and electrical properties. The X-ray diffraction results showed 

an increase in crystalline size with an increase in doping ratio. The results of the atomic force microscope showed 

an increase in the regularity and arrangement of the atoms, along with the root mean square value of the films 

leading to an increase in the roughness. The electrical tests using Hall effect showed that the films prepared are of 

(n-type) and the increase in doping leads to an increase in conductivity and a decrease in the probability value 

(µH). The electrical conductivity test shows an increase in conductivity and a decrease in resistance when the 

temperature rises. Also, the increase in the doping ratio leads to an increase in the electric current. These films 

could be used in thermoelectric applications and gas-sensing devices. 
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