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Porous Al2O3 films were deposited on copper thin film templates onto silicon substrates by 
means of pulsed laser deposition (PLD) technique using a KrF excimer laser. The copper 
films have been first deposited in vacuum on Si substrates at room temperature, with a 
particular distribution of Cu droplets to favour pores formation. Alumina deposition has 
been done following ablation of a pure Al target at 10-3 Torr oxygen pressure at different 
substrate temperatures: room temperature, 600 °C and 650 °C. The characterization of 
samples involved micro-Raman spectroscopy, FTIR spectroscopy, scanning electron 
microscopy (SEM), atomic force microscopy (AFM) and energy dispersive x-ray 
spectroscopy (EDS) to reveal structural and morphological properties. FTIR and Raman 
spectroscopy results corroborated with EDS analyses confirm the presence of alumina in 
the Al2O3/Cu/Si structures. SEM images show ~300 nm ordered pores in films deposited 
at room temperature. 
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1. Introduction 
 
The specific nature of a porous oxide layer on aluminum has received a great deal of 

attention over several decades, and determined fully the present applications of anodized 
aluminum in nanotechnology [1]. Because of the immense surface-to-volume ratio and the 
abundant void fraction, very high sensitivities can be obtained with porous ceramics in the gas 
sensor field. Porous Al2O3 has proven to be stable at elevated temperatures and at high humidity 
levels. The quality of the Al2O3 layers and consequently the sensor behaviour (sensitivity, 
humidity range, response time, stability etc.) strongly depend on the thickness of the porous layer 
and the density and size of the pores [2]. As a simple and versatile method for producing thin 
films, PLD is widely used in obtaining of various materials, complex oxides among others. Its 
advantage lies in the possibility to make ultrathin films from materials that are difficult to shape 
under normal conditions. It has the particular potential of producing films with controlled 
morphology, density, crystalline phase and grain size, because it offers various leverages to control 
the size, chemistry and kinetic energy of the elementary ‘building blocks’ being deposited [3]. An 
orientation of the pores is very difficult to obtain with usual PLD film-forming parameters. 
However, by controlled PLD [4] zirconia oriented porous membranes made of uniform 
nanoparticles and nanochannels deposited on porous alumina substrates have been obtained [5]  
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 The experiment that generated this work has been an attempt to obtain porous alumina 
with embedded copper particles using the PLD technique. Copper cluster related materials have 
been already reported [6-13] mainly in connection with the sol gel technique that requires 
annealing of copper oxide particles under reducing atmosphere. Formation of metallic copper or 
copper oxide particles by PLD has been shown to strongly depend on the residual oxygen pressure 
during the deposition [14, 15]. The study of Celep et al [6] on optical properties of copper clusters 
embedded in alumina considers codeposition of Cu clusters (formed by laser vaporisation of a 
copper rod ) and transparent alumina (evaporated using an electron gun). This study underlines 
that the metallic character of the copper clusters has been preserved owing to the substrate 
temperature held at 400oC.  

In our work, thin alumina films were deposited on Cu/Si substrates through ablation of a 
pure aluminum target, controlling the oxygen pressure in the chamber of a PLD workstation. The 
copper films with a controlled distribution of droplets [16] have been used as “templates” to favour 
pores formation in the alumina film.  

 
 
2. Experimental 
 
We employed a PLD 2000 workstation (PVD Products Ltd) to run Cu and Al2O3 

depositions using. The rotating target holder permitted switching from Cu to Al target according to 
the growth sequence. Copper droplet templates were first deposited in vacuum. It has been our 
choice to use Cu due to its high thermal and electrical conductivities, the interesting results on 
surface plasmon resonance obtained previously [6] and also its low cost. The copper films were 
deposited on Si substrates at room temperature using a KrF laser (CompexPro 201 - Coherent) 
λ=248 nm, τ= 20 nsec/pulse at a repetition rate of 10 Hz [16] and 30.000 pulses. Alumina was 
then deposited with 50.000 laser pulses, at a fluence of ~ 2 J/cm2. The preliminary pressure in the 
chamber was 2×10−6 Torr and the oxygen pressure during deposition was 1×10−3 Torr. The 
substrates were held at 20oC, 600 °C and 650 °C respectively for alumina deposition to find an 
optimal value for pores formation.  

The structural properties were investigated by XRD, micro-Raman spectroscopy, FTIR 
and EDS, whereas morphological aspects were extracted from SEM. The SEM-EDS investigations 
were performed with a PHILIPS ESEM 30 microscope. AFM operated in ac mode was done in 
order to investigate the surface topology. Raman spectra were taken with a LABRAM HR 800 
micro-Raman spectrometer (Horiba Scientific), at room temperature, with a 632 nm laser source, 
0.5 cm-1 resolution. The FTIR spectra were acquired by means of a Perkin Elmer 
spectrophotometer Spectrum 100, using an UATR accessory, with 32 scans and the measuring 
error ± 0.1%.  

 
 
3. Results and discussion 
 
The XRD measurements performed with a Rigaku MiniFlexII indicate a fully amorphous 

material at all deposition temperatures. 
The main Raman lines for alumina are found around 383 cm-1 and 420 cm-1[17], shifts 

being also possible [18]. The samples in this work show the A1g around 410 cm-1 and 633 cm-1
 

respectively and the Eg mode shifted to 785 cm-1 (fig.1., where the x-axis has a break at 520 cm-1, 
i.e. the Si Raman line). 
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Fig. 1 Raman spectra of PLD alumina films with specific Raman modes.  

The break on the x-axis removes the too intense Si Raman line. 
 

The FTIR absorption spectra of our samples feature a broad absorption maximum in the 
900-925 cm-1 region, which can be associated with vibrations of Al-O bond accounting for a ~20 
cm-1 shift. This shift may originate in the porosity of the films [19]. 
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Fig. 2 FTIR-UATR absorption spectra of Al2O3/Cu/Si samples. The absorption band around 920 cm-1 

corresponds to Al-O bond vibration. 
 
 

From the SEM images of the alumina films obtained in this study (fig. 3a, b, c) and the 
SEM image of a PLD copper oxide film [16, and also inset in fig.3a] a comparison can be made 
between the sizes of alumina pores and copper droplets. The average diameter of pores in films 
deposited at room temperature (~300nm) is about half size of the droplets’ average diameter (~650 
nm). Cracks also show up in these films, which are undoubtedly caused by the fast heat transfer 
and consequent thermal stress at the alumina/copper interface. 

EDS analyses confirm the 2Al-3O proportion in all samples no matter the substrate 
temperature. An excess of 6% at. oxygen in the Al2O3 films deposited at room temperature could 
be attributed to copper oxide supposed to form at the Al2O3/Cu interface, most likely around the 
pores’ edges. Holding the substrate temperature above 400oC [6] prevents Cu oxide formation. 
Since CuO forms around 300OC and Cu2O around 700OC, it is expected that alumina films grown 
on copper at substrate temperatures between 400OC and 650oC are CuxOy free.  
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The pores’ size reduces with increasing substrate temperature, as it can be remarked from 
SEM images in fig. 3 (a, b, c) and corresponding AFM images (fig. 3 d, e, f). The smoothest 
surface is associated with 600oC deposition temperature (RMS 0.36 nm) and not with 650oC. This 
result concerns rather the pore density than the pore size judging at least from the AFM images of 
the corresponding films (fig3 e) and f).   
 

         
a)                                                                                         d) RMS (nm) 6.48 

          
 
b)                                                         e) RMS (nm) 0.36    

                    
c)                                                         f) RMS (nm) 1.82 

 
Fig. 3 SEM images of PLD  alumina films deposited at room temperature (a), 600 °C(b),   650 °C (c), and 

corresponding AFM images (d, e, f).  
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4. Conclusions 
 
Porous Al2O3 films were obtained by PLD on Cu droplets “templates”.  The pore size 

diminishes and their density increases with increasing substrate temperature. 
The films grown at room temperature exhibit pores whose dimensions are half size of the 

Cu droplets of the “template”. 
Porous alumina films grown by PLD at substrate temperatures of 600OC and 650oC are 

CuxOy free and also cracks free. 
Further work will be devoted to the relation between the Cu droplets diameter and the   

dimensions of the pores in alumina PLD films with a focus to their surface plasmon resonance 
properties.  
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