
JOURNAL OF APPLIED SCIENCES RESEARCH 
 

ISSN: 1819-544X                                                                                                                                                            Published BY AENSI  Publication 
EISSN: 1816-157X                                                                                                                                                        http://www.aensiweb.com/JASR 

2016 October; 12(10): pages 39-45                                                                                                  Open Access Journal                                                                                                                                                     

 
To Cite This Article: Amer S. Al-Khafagi, Sahib N. Abdulwahid, Ghaleb A. Al-Dahash, Influence of Cu doping and laser parameters on 

properties of Al2O3 nanocomposite produced by pulsed laser deposition, 2016. Journal of Applied Sciences Research. 12(10); Pages: 
39-45 
 

Influence of Cu doping and laser parameters 
on properties of Al2O3 nanocomposite 
produced by pulsed laser deposition 

 
1Amer S. Al-Khafagi, 2Sahib N. Abdulwahid, 3Ghaleb A. Al-Dahash 

 
1,2University of Kufa, Collage of Education for girls, Department of Physics, IRAQ. 

3University of Babylon, Collage of Science for girls, Department of Laser Physics, IRAQ. 

 
Received 12 August 2016; Accepted 20 October 2016; Published 25 October 2016 
 

Address For Correspondence: 
Ghaleb Ali Aldahash ,  University of Babylon, Department of Laser Physics,  Faculty of Science for women, IRAQ. 
E-mail: free2galib@yahoo.com 

 
Copyright © 2016 by authors and American-Eurasian Network for Scientific Information (AENSI Publication). 
This work is licensed under the Creative Commons Attribution International License (CC BY).  
http://creativecommons.org/licenses/by/4.0/ 
 

 

 
 

ABSTRACT 
We used a new technique to prepare and Design of plasmon in metal-dielectric nanocomposite materials for 

power and energy applications. We prepared Al2O3:Cu thin films by using  pulsed laser deposition technique ( 

Nd:YAG laser) with(1064nm) wavelength and (6Hz) repetition rate, the pulse duration (10ns) and Laser 

energy (140mJ). Our Objective was studying the optical properties of metal-dielectric nanocomposite thin film. 
It was deposited on the glass substrate in different parameters have been studied. The optical and 

morphological properties of doped (Al2O3:Cu) thin films also was studied. The results showed that the nature 

of thin films surface depends on changing the number of pulses and substrate temperature, this is indicated by 

(AFM) and (SEM) images. The increase in grain size is due to doping effects and the optical absorbance of 

Al2O3: Cu thin films at different conditions showed shifted of absorption edge at (350nm) as well as the SPR at 

(590nm) which is characteristic of nanoparticles. The optical energy gap was depended on temperature and 

number of pulses on Cu Target. 

KEYWORDS: ZnO,Co-Doping,Stractural properties,PLD,thin film. 
 

INTRODUCTION 

 

Laser has become an important tool in many applications, particularly applications that require the 

preservation of art and not destroyed due to the properties of unique laser frequency bandwidth and density of 

high capacity thus small impact area in the target often be beam laser intensity sufficient to vaporize refractory 

materials besides. Due high accuracy and reliability preprocessing and it is used widely in the preparation of 

thin films and heat treatment of the surfaces of materials. In addition, the material can be vehicles that take place 

deposition on a substrate  and this method called pulsed laser deposition process[1]. Pulsed laser deposition 

(PLD) is a thin film deposition technique which has been successfully applied to an extremely wide range of 

materials [2]. 

This method is based on the high-energy laser beam intensity of the interaction with solid target, and offers 

many unique to other traditional techniques of physical vapor deposition advantages, especially when using a 

pulsed laser. At the moment using evaporation technique of laser pulse (PLD), pulse duration is very short to get 

the thin films in the manufacture of electronic and optical devices, and took evaporation technique laser 

considerable interest, and there are several factors affecting the film record properties in this way, such as laser 

energy density, the degree of the substrate temperature, gas pressure.... etc.[3]. One application is the use of 
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thin-film interference process used in reproduction and photographic equipment, as well as used in the coating 

of lenses, mirrors and filters for some wavelengths with special specifications for use in photocells and solar 

cells and  Detectors in general as well as thin-film, audio devices and devices electro-optical [4,5] 

 

Theory: 

Many approaches have been reported to prepare metal-dielectric nanocomposites containing 

metallic nanoparticles embedded in a dielectric organic or ceramic matrix due to their unique 

functional properties with hosts of applications (for recent reviews see [6,7]). For the present 

application of metal-dielectric composites in plasmonic metamaterial absorbers, two revere restrictions 

apply. First, a high filling factor of the metallic nanoparticles close to the percolation threshold is 

required to take advantage of the interaction of plasmon resonances localized at individual 

nanoparticles. Second, large area coverage is indispensable in most applications which rules out 

electron beam lithography and rather calls for self-organized formation of the nanostructures. This is 

why vapor phase deposition techniques are particularly attractive for tailoring the nanostructure and 

the resulting properties [6]. Vapor phase deposition, inter alia, allows excellent control of the metallic 

filling factor and its depth profile as well as the incorporation of alloy nanoparticles with well-defined 

composition [8]. The metallic nanoparticles typically form via a self-organization during co-deposition 

of the metallic and matrix components due to the high cohesive energy of the metals and the low 

metal-matrix interaction energy [6,9]. Various methods such as sputtering [10,11], evaporation [12], 

and plasma polymerization [13] have been applied for the deposition of the matrix component, 

while the metallic component has mostly been sputter-deposited or evaporated. Moreover, gas 

aggregation cluster sources were utilized to obtain independent control of filling factor and size of 

the embedded nanoparticles [14].  

 

MATERIALS AND METHODS 
 

To prepare thin films of alumina doped with copper by rates (0.02,0.05,0.07,0.1), We used PLD thin-film 

deposition system .It consists of two main parts as in Figure (1), First it includes the Vacuum chamber, which is 

an important part of the evaporation system that is made of stainless steel chamber. Accessories and substrate 

holder (glass bases), the target holder material, laser window, Preheated slide where they can heat up to (250-

300) C°. The substrates are placed on a holder at distance (3.5cm) from the rotated target. A pressure was up to 

(10-5 mbar) inside the chamber through the Vacuum Systems consisting of rotary and diffusion pump, Second 

laser, which consists of a laser Nd-YAG system with a wavelength (1064nm) and frequency (6Hz) and  energy 

(140mJ). The laser beam is focused on the target surface by using lens with focal length (30)cm at the incident 

angle of approximately 45°. The number of pulses (250,500,750,1000) pulse for each model. The PLD 

deposited thin films were analyzed by AFM,SEM. 

 

 
Fig. 1: PLD system Set-Up 



41              Amer S. Al-Khafagi et al., 2016/ Journal of Applied Sciences Research. 12(10) October 2016, Pages: 39-45 

 

RESULTS AND DISCUSSION 

 

Figure (2) shows AFM images of the (Al2O3-Cu) films that prepared under the same pressure of (10-5 mbar) 

and (150 C0 temperatures) and the distance between the target and the glass substrate (3.5cm). Note that the 

difference between the images is the number of pulses ( 1000p, 750p, 500p, 250p) where we noted that when the 

pulses at least be more homogeneous film with an average grains size up to (70 nm) and when increase the 

number of pulses, note increase of grain size about (90nm), and showed some of the island as a result of 

deformation of Gaussian distribution of the laser pulse  (1064nm) which causes the occurrence coalescence 

integration and re-docking of some granules which gives large clusters. The increasing in number of pulses 

leads to increased film thickness, and this gives the largest chance of a process such as coalescence which alter 

the surface topography of the film becomes an even tougher due to the deposition layers of Cu within the Al2O3 

host ,  to be (Al2O3- Cu- Al2O3) sandwich film ,agree with[15] 
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Fig. 2: show the images of the AFM Films alumina doped by copper deposited on glass substrates under 

pressure (10-4mbar) ,temperature (150 C˚) and energy 140mJ and the number of different pulses (a) 250 

pulse/s   (b) 500 pulse/s ( c) 750 pulse/s (d) 100 pulse/s. 

 

Figure (3) show (AFM) images of (Al2O3: Cu) films deposited on glass substrate at pulse energy (140mJ), a 

temperature of 150 ˚C , at vacuum chamber pressure (10-4 mbar) and pulses number (250,500) pulse/s. Where 

we noticed that the nanoparticles are spherical in shape with a good homogeneity with some groupings 

nanoparticles are described white spots, the particle size determined by the laser beam energy was found that the 

variation in particle distribution of the forms taken in a scanning electron microscope (SEM). There is a 

fundamental important factor must pay attention to him and said the goal is a process where the aim to 

preparation process of the alumina be at vacuum chamber pressure is different copper concentrations, this is due 

to the bonds  that make up the material either alumina or copper thread, as this situation leads to variation in 

particle distribution on the surface and thus we get the forms be homogeneous or heterogeneous as in Ref. 

[16,17]. As can be seen from the shapes be The hollow spherical granules result of the bombing of the cascade 

between the ablation Cu and Al2O3 as the number of laser pulses falling on tablets Cu plasma collide with the 

problem of making Al2O3 (embedded) for copper in the host Al2O3, this situation will lead to a change in the 

absorption peaks of the film. We also noted an increase doped ratios will increase grain size about (50nm) when 

the proportion of (0.02) doped more than (100nm) when the proportion of (0.07) doped while decreases to 

below than (100nm) when the proportion of (0.1) doped in order to get the case saturated. 
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Fig. 3: show the SEM images of the (AL2O3: Cu) films prepared at pulse energy (140mJ), temperature of 250C˚ 

and the number of pulses (250 pulses) with different copper concentration (a) 0.02 (b) 0.05 (c) 0.07 (d) 

0.1. 

 

According to absorption coefficient data, about more than (104cm-1) then the transition is a direct transition 

(the absorption and emission of a photon for the purpose of keeping the momentum), It was calculating the 

energy gap  of the intersection of the tangent to the curve with the X-axis when (hvα) equal to zero was 

observed that the energy gap  of pure material bigger than it as in doped energy gap because Sub levels are 

generating that easier transition easily the electron from the valence bund to the conduction bund as shown in 

Figures (4), (5). We also noted by extracting the energy gap in doped cases, all transitions directly. The reason is 

it to set up and configure sublevels are in higher valence band or lower conduction band in this case, the 

transition process electronic be easier than it was before doped way because the energy gap in the material 

nanoparticles often are great, but the presence of copper in different proportions were reduced energy gap and 

make the articles within the energy gap of a semiconductor, this agree with Ref. [17,18]. 

 

 
 

Fig. 4: shows energy gap for both articles pure copper and alumina at temperature 250C° and the number of 

pulses pulse / s 250 and laser energy (140 mJ). 
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Fig. 5: shows energy gap of the doped films prepared at a temperature of 250C°, number of different pulses 

(1000,750,500,250) pulse / s and laser energy (140mJ) and different concentrations of copper (a) 0.02 

(b) 0.05 (c) 0.07 (d) 0.1 

 

Conclusion: 

Method of pulsed laser deposition Proven in the preparation of highly efficient nanocomposite in the form 

of a thin films composed of nanocrystals of metal implanted (embedded) in a host insulator. 

  

1-The possibility of controlling the grain size by controlling the number of pulses of laser in addition to                                                                         

controlling the proportion doped. 

2- When increasing the number of pulses increases grain size as well as surface roughness and be some of 

the islands due to the different gauss distribution pulse laser which facilitates the process will be aggregation.  

3- The shape of grains was spherical grains but a few percentages because of Coalescences. 4- The grain 

size increases with proportion doped but certain limits without access to saturation, the possibility of changing 

the optical properties by controlling the number of pulses and doped rates.  

5-The energy gap  less than with increase all of the  doped and number of pulses due to increased grain size 

which increases with the number of pulses leads to increased thickness film and decrease the energy gap. 
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