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ABSTRACT 

 
We report structure properties of Cu thin films in nanoscale with different surface morphology. Cu 
thin films with layer thicknesses of 25, 50 and 75 nm were prepared by DC magnetron sputtering. 
The surface morphology of the sample was determined using an atomic force microscope (AFM). 
X-ray diffraction profile indicates that Cu layers with fcc crystalline structure are formed in these 
films. The crystallite size of the films determined Scherrer’s equation, and the crystallite size 
increased by increasing the thickness layers. 
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1. INTRODUCTION 
 

Nanoscale thin films are currently attractive to a broad range of potential applications to 
fabricate many products, such as electronic devices, optical coatings, wear-resistant coatings and 
decorative parts [1]. Copper is finding interesting use as an interconnect materials, replacing 
aluminum in high performance integrated circuits, because it's high electrical and thermal 
conductivity, relatively higher melting temperature and excellent electro migration resistance [2-
4]. However, Cu is a fast diffuser in both silicon and silicon dioxide, Therefore, it is necessary to 
insert a suitable buffer layer between Cu and Si for the suppression of Cu diffusion. [5,6]. the 
usual methods to fabricate the pure Cu thin films are CVD, and PVD, such as simple sputtering 
[7,8] but, Currently DC magnetron sputtering has very good method to fabricate the pure Cu thin 
films. DC magnetron sputtering has many advantages, such as high growth rate, low temperature 
deposition, and good reproducibility [9]. 
 
    2.  Experiment 

Copper thin films with different thickness (samples, A, B and C with 25, 50 and 75 nm 
thickness) were prepared by DC magnetron sputtering system. Fig. 1 shows Block diagram of DC 
magnetron sputtering system. The reactor consists of two electrodes with different size. The 
smaller electrode was a copper with 5 cm diameter as a powered electrode. Deposition was 
performed on glass and silicon substrates on the other electrode. The chamber evacuated to a base 
pressure of about 3×10-5 torr. The growth time for all three samples was 100 min. AFM analysis on 
non-contact mode was used to obtain the surface morphology of the films and variation roughness 
respectively. The phase and crystal structure of films were identified by X-ray diffraction (XRD) 
with a STOE SIADI-MP (CuKα radiation) computer-controlled diffract meter. The Cu Kα line at 
1.54060 A was used as the source of X-ray radiation. 
  

3. RESULTS AND DISCUSSION 
 

The 3D surface morphology of the films is shown in fig. 2; the root mean square (RMS) of 
surface roughness over an area of 5µm × 5µm was obtained from AFM data too. The RMS 
roughness is 1.10 nm for the as-deposited copper film with thickness 25 nm that indicates uniform 
coverage and tendency to agglomeration. As the deposition thickness increased to 50 (fig. 3B) 
small islands, presumably of copper, were formed on the surface with sharp peak , lead to 
increasing the rms roughness to 1.84 nm, with increased thickness to 75 nm, The surface became 
much rougher, having an RMS roughness of 11.7 nm(fig.3C). Thus it can be seen that the surface 
roughness is a function of thickness (fig.3), because mountains, valleys and island clusters become 
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bigger [10]. Maybe, this behavior is caused by the aggregation of the native grains into the larger 
clusters. 

X-ray diffraction patterns are shown in fig.4a for Cu films grown on Si (100) substrates. As it 
is evident in this figure, fcc Cu nanocrystals with (111), (200) orientations are grown in this film 
[11,12]. The peak in the range of 40-47 is smoothed and redrawn in fig.4b .this peak was 
deconvoluted two peaks labeled as peak Cu (111) and Cu2O .The peak of Cu (111) appears at 
43.49° and the peak of Cu2O does at 42.19°. The peaks at 69° and 87° are related to Si substrate. 
So the conclusive result from XRD studies was a presence of Polycrystalline growth of Cu film 
grown on substrate. XRD was used to identify the crystal structure and to estimate the average 
crystallite size by scherrer’s equation, too 
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Where λ is the wave length of cu Kα, β is the FWHM of the diffraction peak; θ is the position 

[13]. The crystallite size obtained from the FWHM by scherrer’s equation (table 1). It can be 
observed from Table 1 that, for films with similar phase composition, the average size, D, of the 
crystallites increases with increasing film thickness during film deposition. This behavior can be 
explained from general mechanisms of nucleation, growth and structure of thin films [14]. 

 
 

Fig.1. shows Block diagram of DC magnetron sputtering system. 
 
 
 

 
 
 

 Fig. 2. An AFM image of thin films with different thickness (A) 25 nm (B), 50 nm 
(C) 75 nm. 
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Fig.3: RMS roughness versus thickness of layers. 

 
 

 
 

 Fig.4. XRD patterns of Cu thin films with different thickness. 
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Table. 1.  Crystallite size of Cu (111) thin films.  
Samples 2 Theta (deg) FWHM (rad) C.size (nm) 
    
A 
 
B 

43 
 
43.51 

-- 
0.0107 

- 
17 

C 
 

43.49 0.0096 20 

 
5. Conclusion 

 
Nanoscale Cu thin films with different thickness were prepared by DC magnet sputtering. 

The effect of thickness on surface morphologies and structure are investigated by AFM and XRD 
analyses. The study shows polycrystalline growth of the Cu films. In initial stages of films creation 
because of random and high rate of deposition, thin film has poor time for crystallization. But with 
increase of thickness of film, because of following of particles from down layer, the films are more 
crystallized gradually. This event is clear in XRD results. This event is reason of rise of height of 
mountain in the AFM 3D images that leads to increase of RMS roughness.  
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