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Abstract 
 

Aluminum nitride (AlN) thin films have potential applications in microelectronic and 

optoelectronic devices. In this study, AlN thin films with different thicknesses were deposited 

on silicon substrate by single ion beam sputtering method. The X-ray diffraction (XRD) 

spectra revealed that the structure of films with thickness of   -    nm was amorphous, 

while the polycrystalline hexagonal AlN with a rough surface was observed at a thickness 

of     nm. Also, the formation of AlN in amorphous films is identified by Fourier transform 

infrared (FTIR) spectroscopy. Atomic force microscopy (AFM) study confirms that the 

surface roughness and average grain size of films increased with film thickness. 
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Introduction 

Aluminum nitride (AlN) thin films due to its 

many excellent properties such as, thermal and 

chemical stability, high melting point, high 

acoustic velocity, good dielectric properties, 

transparency in the visual and infrared region, 

large optical band gap energy [ - ], have been 

used in microelectronic and optoelectronics 

devices especially in surface and bulk acoustic 

wave devices[ - ]. Also, AlN thin film has 

been applied as buffer layer to grow of ZnO 

nanostructures on silicon and sapphire [ ]. 

AlN thin films can be deposited by several 

techniques including, RF or DC reactive 

magnetron sputtering [ -  ], pulsed laser 

deposition [  ], molecular beam epitaxy 

(MBE)[  ], plasma nitriding [     ],  dual  

ion  beam  sputtering  (DIBS) [  ], and 
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single ion beam sputtering (SIBS) [     ]. 

Among  these,  ion  beam  sputtering method 

has advantages over other sputtering methods,  

such  as  independent  control  over the 

incident beam energy, the current density and 

incidence angle of bombarding ions. Also, ion 

beam sputtering method is useful for the 

manufacturing of optical films. However, 

preparing of AlN thin films by SIBS has rarely 

been reported and the objective of the present 

work is synthesis of AlN films by this method. 

Also, the effect of film thickness on structural 

and morphological properties of prepared films 

has been studied using different analyzing 

methods such as, X-ray diffraction (XRD), 

atomic force microscopy (AFM) and Fourier 

transform infrared spectroscopy (FTIR). 

 
 

Experimental 
 

Materials and Methods 
 

The AlN films with different thicknesses have 
 

been deposited on silicon (p-Si <   >,  -   
 

Ω.cm) by means of a single reactive ion beam 

sputtering system using a pure aluminum 

target  (purity    .    )  and  a  mixture  of 

argon (  .    ) and nitrogen (  .    ) 

gases with equal contents. To achieve different 

thicknesses the deposition time was varied from 

   to    minutes while the other parameters, 

such  as  working  gas  partial  pressure  ratio 

(Ar and N ), ion beam energy and current 

were kept constant. Prior to any deposition, 

the  deposition  chamber  was  carefully 

cleaned and then evacuated to background 

pressure  of   ×  -     torr  before  introducing 

the  gas  mixture. Also,  the  substrates  were 

ultrasonically cleaned in acetone and ethanol 

for about    min and dried with dry argon 

before loading into the deposition chamber. 

The ion beam energy and ion beam current 

for sputtering were kept at  .  keV and    

mA respectively during the deposition. The 

working pressure was  ×  -  torr and the flow 

rates of argon and nitrogen were    sccm. 

The  substrate  temperature  was  held  at      

ºC during film deposition with using a heater 

and thermocouple. The deposition parameters 

are summarized in Table  . A Detak  surface 

profilometer was  employed  to  measure  the 

films thickness. The crystallographic structure 

of AlN films was studied by X-ray diffraction 

(XRD, PW    , Philips). The Fourier 

transform infrared spectroscopy (FTIR; Perkin 

Elmer spectrum    ) was used to identify the 

chemical composition of the films deposited 

on silicon substrates. AFM analysis (AFM, 

Park Scientific Instrument Auto probe CP) was 

performed to study the surface morphology of 

deposited films. 
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Table  .The deposition parameters. 
 

Deposition method Single ion beam sputtering 

Target Al 

Substrate silicon 

Sputtering gas Ar 

Reactive gas N  
Ar flow rate (sccm)    

N  flow rate (sccm)    

Base pressure (Torr)   u   -  

Working pressure (Torr)   u   -  

Substrate temperature (ºC)     

Ion beam energy for sputtering (keV)  .  

Ion beam current (mA)    

 
Deposition time (min) 

   For Sample S  

   For Sample S  

   For Sample S  

   For Sample S  
 

 
 
 

Results and discussion 
 

The film thicknesses were in the range of   - 
 

    nm and the plot of film thickness versus 
 

the deposition time is shown in Figure  . The 

surface morphology of films is examined with 

an atomic force microscopy in contact mode 

(scan area:  ×  μm
 
) and the results are shown 

in Figure  . 
 
 
 
 
 

 

 
 

Figure  .  The plot of AlN films thickness versus deposition time. 
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Figure  .  D and  D AFM images of AlN films with various thicknesses deposited on Si substrates. 
 

It is observed that, the films deposited in 

smaller deposition times are smooth and dense 

and by increasing the deposition time up to 

   min the pyramidal types of grains grow 

perpendicular to the substrate surface.  When 

the deposition time increased to    min the 

morphology of films has completely changed 

to separate hillock grains and showed a highly 

agglomerated growth mode with high surface 

roughness.   The   AFM   analysis   indicated 

that, the root mean square (RMS) surface 

roughness increases from  .   to  .   nm 

when the film thickness varies from    to     

nm. However, the RMS roughness increased 

drastically to   .  nm for thickness of     nm 

that indicates of rough surface resulting from 

 D island growth mode. The roughness values 
 

are shown in Table  . 
 
 
 

 
Table . The deposition time, thickness, RMS and average roughness of AlN films. 

 

Sample S  S  S  S  

Deposition time (min)             

Thickness (nm)               

RMS Roughness (nm)  .    .    .     .   

Average Roughness (nm)  .    .    .     .   

 
 
 

Also, the average grain size evaluated from 

AFM measurements varied in the range of    

to     nm and the results are shown in Figure 

 . Therefore, it is apparent that the average 
 

grain size and RMS roughness of the films 

increases  with  increasing  film thickness. A 

similar increase of surface roughness with the 

increase of grain size was also reported by Z. 

Xin etal [  ] in dc magnetron sputtered Au 

films. 



   F. Hajakbari et al., J. Appl. Chem. Res.,  ,  ,   -   ((    ) 
 (    ) 
 (    ) 
 (    ) 

 
 

 
 

 

 

 
 

Figure  . The plot of thickness and grain size for Samples (S -S ). 
 

The XRD patterns of deposited films on silicon 

substrates for different thicknesses in the range 

of   -    nm are depicted in Figure  . It is clear 

that the films with thickness lower than     nm 

show any crystalline phase of AlN film and only 

one peak belonging to Si at about    degree is 

observed. The film of     nm thickness shows 

two characteristic peaks of hexagonal AlN at  θ 

=  .  º diffracted from the (   ) plane and at 

 θ =  .  º diffracted from the (   ) plane, as 

well as a peak at  θ=  .  º belonging to cubic 

Al (   ) plane. This indicates that the film is 

polycrystalline. we can say that for films with 

thickness of   -   nm the deposition times 

varied between   -   min and the atoms have 

insufficient time to diffuse and grow, causing the 

amorphous structure and then diffusion has begun 

cause the grain growth after    min. These XRD 

patterns imply that the crystallization can be 

improved by films thickness. This improvement 

of crystalline quality has been confirmed by 

AFM results. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure  . X-ray diffraction patterns of AlN films with various thicknesses deposited on Si substrate. 
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For the amorphous films, the Al-N bond 

information is recorded by FTIR spectroscopy at 

room temperature in the transmission mode with 

spectral resolution of  cm- . Figure   shows the 

FTIR spectra of the amorphous films deposited 

on Si substrate at different times of deposition. 

The absorption peak at    cm-  is related to the 

silicon substrate and two other absorption peaks 

at     and    cm-  are assigned to the Al-N 

bond, which is very close to the characteristic 

value of aluminum nitride [  -  ]. It is observed 

that the intensity of absorption peak of Al-N 

bond increases with increase of deposition time 

due to an increase of film thickness. 
 

 
 

Figure  . FTIR transmittance spectra (T) of AlN films deposited on Si substrates versus wavenumber (k). 
 
 

Conclusion 
 

The   single   ion   beam   sputtering   method 

has been used to prepare of AlN films with 

different thicknesses in the range of   -    

nm onto  silicon  and  quartz  substrates. The 

influence of film thickness on the structural 

and  morphological  properties  of AlN  films 

was studied. It has been found that an increase 

in films thickness leads to change of films 

structure from amorphous to crystalline. FTIR 

transmittance  spectra  confirmed the  results 

obtained from the XRD. The surface roughness 

of films, were found to increase with increasing 

film thickness, which is associated with the 

phase change, agglomeration of grains, and 

growth of grain size. 
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