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In this work nanostructured copper thin films were deposited on glass and silicon substrates 
by the pulsed-laser deposition (PLD) technique utilizing a Nd:YAG laser operating with a 
pulse energy of 480mJ, a repetition frequency of 6Hz, and 500 pulses. The results of 
characterizations showed clear peaks that indicated plasmonic absorption at a wavelength 
of 220nm. The predominance of the anatase Cu phase was revealed. The presence of 
spherical particles that were dispersed in clusters were also revealed. The average size of 
these clusters ranged from 66.2 to 90.7 nanometers. 
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1. Introduction 

There has been an increasing fascination with 

creating and designing metal nanoparticles that have 

well-defined structures. This is because these 

materials possess distinct and auspicious 

characteristics. Copper (Cu) is a metal that has 

attracted considerable interest at the nanoscale. It is a 

versatile metal that finds extensive usage in electrical 

conductivity, catalysis, and antibacterial applications. 

Copper nanoparticles have distinctive optical 

characteristics, such as adjustable bandgaps and 

effective light absorption [1]. Copper (Cu) is a highly 

regarded metal known for its excellent qualities, 

which make it indispensable in numerous sectors. 

Substantial research and utilization of its unusual mix 

of physical, chemical, electrical, and thermal 

properties have been observed in varied domains [2]. 

Copper is highly recognized for its exceptional 

electrical conductivity. It possesses the most 

significant electrical conductivity compared to other 

commonly found metals, except superconductors at 

extremely low temperatures. Copper's characteristic 

of facilitating efficient current flow with minimal 

energy loss makes it a highly suitable material for 

electrical wiring, power transmission, and 

electronics. Copper also demonstrates exceptional 

heat conductivity. Due to its remarkable thermal 

conductivity, it is highly favored as a material for heat 

sinks, cooling systems, and heat exchangers. Its 

exceptional thermal conductivity facilitates efficient 

heat dissipation, making it indispensable for 

electronics, power generation, and thermal 

management. Copper exhibits superior ductility, 

malleability, and excellent electrical and thermal 

conductivity. It has excellent malleability, allowing it 

to be easily manipulated and molded into intricate 

shapes without any breaking risk, making it 

appropriate for manufacturing techniques, including 

rolling, extrusion, and forging. These characteristics 

facilitate the manufacturing complex copper parts 

used in plumbing, architecture, and industrial 

machinery. Nanotechnology is an interdisciplinary 

domain that includes scientific and technological 

endeavors focused on manipulating and regulating 

matter at the nanoscale, typically ranging from 1 to 

100 nm in size. It encompasses the comprehension, 

creation, and production of materials, technologies, 

and systems having unique features and 

functionalities at a minuscule scale. At the nanoscale, 

the characteristics of materials can vary considerably 

compared to their larger forms. Nanotechnology 

harnesses these distinctive characteristics to create 

novel materials, devices, and procedures that find 

utility in diverse domains such as electronics, 

medicine, energy, materials research, and 

environmental science [2,3]. 

Copper exhibits excellent corrosion resistance, 

especially in both air and aquatic conditions. The 

metal develops a patina, a protective oxide layer on 

its surface that effectively inhibits additional 

corrosion. Copper's exceptional corrosion resistance 

makes it suitable for outdoor applications, 

architectural structures, and plumbing systems. In 

addition, copper demonstrates antibacterial 

capabilities, referred to as the "oligodynamic effect." 

Studies have shown that it possesses inherent 

antibacterial properties, which make it valuable for 

usage in healthcare facilities, antimicrobial coatings, 

and water purification systems [3]. 

 

2. Experimental Part 

Copper exhibits exceptional electrical 

conductivity, second only to silver. Its efficient 

conductivity makes it popular for electrical wiring, 

power transmission, and electronics. Copper's 

exceptional thermal conductivity makes it an optimal 

selection for heat transfer applications. It is frequently 

employed in heat sinks, heat exchangers, and cooling 

systems. Copper exhibits exceptional ductility and 

malleability, allowing it to undergo extensive 
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elongation into wires or be effortlessly molded into 

diverse shapes without experiencing fracture. This 

feature enables the fabrication of complicated copper 

components using techniques such as rolling, 

drawing, and forging. Copper exhibits excellent 

corrosion resistance, especially in both air and aquatic 

conditions. The metal develops a defensive oxide 

layer, known as patina, on its surface, inhibiting 

additional corrosion. Its characteristics render it 

appropriate for use in outdoor applications and 

plumbing systems. Copper has natural antibacterial 

capabilities, referred to as the "oligodynamic effect." 

It demonstrates the capacity to eradicate or impede 

the proliferation of bacteria, viruses, and fungi on its 

surface. Copper's inherent characteristics have 

resulted in its use in healthcare environments, 

antimicrobial coatings, and water purification 

systems. 

The pulsed-laser deposition (PLD) system 

schematically shown in Fig. (1) has been used to 

deposit thin films on different substrates. This system 

comprises the following components: a laser device, 

a deposition chamber, a rotary vacuum pump, a 

vacuum pressure monitoring device, a target holder, 

and an electronic thermometer. A Diamond-288 

Pattern EPS Nd:YAG laser used was supplied by 

Huafei Tongda Technology. The laser energy may 

reach to 1900 mJ at wavelength of 1064nm, and the 

operation frequency ranges from 1 to 6 Hz. The pulse 

duration is 10ns. The laser system was water-cooled 

by flowing cool water to replace the heated water as 

a result of laser operation. This system also contains 

the deposition chamber made from Pyrex glass with a 

height of 30 cm, a diameter of 20 cm, and a thickness 

of 5 mm. The chamber is mounted on an aluminum 

base with a diameter of 30 centimeters and a thickness 

of 20 mm. A circular groove, measuring 2 cm in 

width and 5 mm in depth, was formed on the upper 

surface of this base. An O-ring is placed inside this 

groove to prevent the leak of the deposition chamber. 

The vacuum of 10-3 mbar inside the deposition 

chamber was created by using a rotary vacuum pump 

(Varian Rotary Pump DC 302 949-9325 s 006 

W/Leroy L 080 BR type). To reach 10-6 mbar vacuum 

level, a diffusion pump supplied by Mancha Vacuum 

Technologies was used. 

 

 
 

Fig. (1) Scheme of the PLD system used in this work 

 

The target holder is made from stainless steel with 

a diameter of 2 cm and a depth of 3 mm. A tiny rotary 

motor was employed to rotate the holder at a speed of 

10 r.p.m. The rotation of the holder is done 

consistently to ensure that the laser energy is evenly 

distributed on the compressed material (target), 

resulting in a uniform deposition of prepared films. 

The temperature of elements inside the chamber was 

monitored using a thermocouple. Precise 

measurement of the substrate temperature is crucial in 

thin film growth. A 250W halogen lamp was used to 

warm the substrate up to 400°C. 

The system's interior was cleaned with alcohol to 

prevent the contamination by any residue from 

previously deposited substances. The material to be 

deposited is placed in a tungsten boat, which has a 

high melting point that is significantly higher than the 

melting point of the material to be deposited. The 

substance being used is pure copper. The boat is 

linked to a pair of electrodes connected to an internal 

electric current source within the system to be 

electrically heated. As the substance melts, we 

gradually raise the electric current provided to the 

electrodes, therefore, the material undergoes a 

process of glowing, which involves the evaporation 

of the material and the deposition of a film on the 

substrate. Once the material is entirely deposited, the 

current is gradually decreased. The sample oxidation 

is prevented because the system is left for 30 minutes 

after the deposition process is completed. The copper 

film deposition process includes the following stages: 

- The interaction between the laser beam and the 

copper target 

- The generation and enlargement of plasma within 

the deposition chamber, directed towards the glass 

slide where the deposition occurs, is induced by laser 

beams. The film was deposited onto a glass substrate 

(slide) at room temperature and under 10-3 mbar 

vacuum pressure. The laser energy was 600 mJ, with 

a frequency of 6 Hz. The incident laser beam was 

directed at an angle of 45° to the target surface, and 

the slide was positioned 10 cm above the target. 

The film thickness (t) was determined by the 

weight method as follows: 

 

𝑡 =
𝑀

𝜋ρ𝐿2     (1) 

 

where M is the mass of the substance (g), ρ is the 

density of the substance (g/cm3), and L is the distance 

between the crucible and the substrate stand (cm) 

The structure, surface morphology, and optical 

properties of the deposited films were determined by 

x-ray diffraction (XRD), field-emission scanning 

electron microscopy (FE-SEM), energy-dispersive x-

ray spectroscopy (EDX), and UV-visible 

spectrophotmetry. 
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3. Results and Discussion 

The x-ray diffraction used for the diagnosis of 

structure of the prepared films is based on Bragg's law 

to determine the inter-planar distance (dhkl) as [10] 

nλ=2dhkl sinθ    (2) 

where n represents the diffraction order, θ represents 

the diffraction angle, and λ is the x-ray wavelength, 

which is pertained by the metal target used to produce 

the x-ray radiation 

The Scherrer’s formula shown below was used to 

determine the crystallite size, which is inversely 

proportional to the full-width at half maximum 

(FWHM) of diffraction peaks [11]: 

 

𝐶. 𝑆 =
0.9 𝜆

𝛽.𝑐𝑜𝑠𝜃
     (3) 

 

where β is the FWHM 

 

The XRD pattern of the prepared nanoparticles is 

depicted in Fig. (2). It displays diffraction peaks at 2θ 

of 27.34°, 29.99°, 31.89°, 35.69°, 39.89°, 45.59°, and 

53.14°, which are assigned to crystal planes of (111), 

(110), (200), (210), (211), (220), and (311), 

respectively, belonging to the crystal structure of 

copper. The presence of these peaks confirms the 

formation of nanomaterial with a high degree of 

crystallinity. Also, the Cu nanoparticles can be 

inferred to be in the anatase phase, as indicated by the 

Joint Committee on Powder Diffraction Standard 

(JCPDS) (card no. 00-0333-0492). 

 

 
Fig. (2) XRD pattern of Cu NPs prepared in this work by PLD 

 

The diffraction peaks of the processed samples 

exhibit distinct domain peaks at (111), (200), and 

(311) orientations, occurring at approximately 2θ = 

27.34°, 31.89º, and 53.14°, respectively, ascribed to a 

cubic structure of Cu anatase phase with lattice 

constants a=b=c=3.615nm and angles α=β=γ=90°. 

The XRD pattern does not show peaks of other 

materials, indicating the samples were prepared with 

high purity, as illustrated in table (1). It was observed 

that there were minor variations in the match due to a 

slight increase in thickness, contaminants, or voids in 

the film. The granularity level is directly proportional 

to the thickness and inversely proportional to the 

width of the center peak observed in XRD pattern 

[12,13]. 

The absorption spectrum of Cu nanoparticles 

prepared using laser energy of 480mJ is shown in Fig. 

(3). It shows that the absorbance is high within the 

range of 190-300nm, with a prominent peak at 

220nm. The transmittance of Cu nanoparticles shown 

in Fig. (4) reaches its minimum at the same 

wavelength. The absorbance decreases at 

wavelengths longer than 220nm. The appearance of 

these peaks can be attributed to the quantum size 

effect. The plasmon peaks' intensity and width were 

shown to depend on both laser energy and the number 

of laser pulses. The aggregation of the prepared Cu 

nanoparticles within a few days, which agrees with 

the observations of Anikin et al. [14]. 
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Fig. (3) UV-visible absorption spectrum of of Cu NPs prepared 

in this work by PLD 
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Fig. (4) UV-visible transmission spectrum of Cu NPs prepared 

in this work by PLD 

 

The surface morphology of the produced samples 

was examined using FE-SEM, as depicted in Fig. (5). 

The FE-SEM image reveals that the sample prepared 

using 480 mJ laser energy have a nanostructure 

characterized by a distribution of spherical particles. 

The spherical clusters are spread in various places 

with an average diameter of 7.72 nm, as indicated in 

table (2). It was observed that the sample had a rough 

surface and large pore size, resulting in a high specific 

surface area. 
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Fig. (5) FE-SEM image of Cu NPs prepared in this work by 

PLD 

 
Table (2) FE-SEM results of of of Cu NPs prepared in this 

work by PLD 
 

 
Area 

Particle Size (nm) 

Label (Cu) Mean Min Max 

1 0.016 88.167 43.000 141.000 

2 0.019 73.769 40.000 109.000 

3 0.019 73.769 40.000 109.000 

4 0.018 75.844 28.000 120.000 

5 0.006 73.344 49.000 100.000 

6 0.011 82.083 41.000 121.000 

7 0.006 66.656 42.000 109.000 

8 0.016 76.841 47.000 114.000 

9 0.018 70.742 38.000 115.000 

10 0.016 92.333 44.000 146.000 

 

4. Conclusion 

The study showed the one-step preparation 

process of spherical-shaped copper nanoparticles 

using PLD technique. The prepared Cu nanoparticles 

have a single-phase cubic structure (anatase Cu). The 

laser fluence determines the form and size of the 

nanoparticles. The presence of extensively clustered 

Cu particles measuring 41–77 nm was verfieid 

depending on the laser fluence. 
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Table (1) XRD results for the Cu nanoparticles prepared by pulsed-laser deposition 

 

Sample 2θ (deg) standard 2θ (deg) Observed d(Å) Standard d(Å) Observed (hkl) Standard Card 

Cu 

27.4202 27.3442 3.2500 3.2422 (111) 00-0333-0492 

29.9808 29.9940 2.9780 2.9848 (110) 00-034-1354 

31.8193 31.8940 2.8100 2.8688 (200) 00-0333-0492 

35.4512 35.694 2.5300 2.5881 (210) 00-0333-0492 

39.1866 39.8940 2.2970 2.8865 (211) 00-0333-0492 

45.4729 45.5940 1.9930 1.6518 (220) 00-0333-0492 

 


