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Abstract – The formation surface morphology in a 

system “thin dielectric film – metal substrate” un-

der the action of a high-power ion beam of nano-

second duration was studied. Data on the morphol-

ogy formed at high power ion beam irradiation of 

90–200-nm-thick GeO films on aluminum alloys 

substrates are presented. Possible mechanisms of 

morphology formation in irradiated thin dielectric 

film on metal substrates are considered. 

1. Introduction 

The high power ion beam (HPIB) has been proved to 

be an efficient method for surface modification of 

various materials [1-4]. Direct irradiation of an ion 

beam onto a solid surface results in rapid melting and 
solidification with heating and cooling rates up to 1010 

K/s. These rates can promote mixing, rapid diffusion 

and the formation of amorphous and microcrystalline 

surface layers, which consequently improve mechani-

cal performance of material surfaces. Many research-

ers have used HPIB to irradiate a wide variety of me- 
tals and alloys such as carbon steel, stainless steel, 

aluminum and titanium alloys. The results have de- 

monstrated some improvements in the fields of mate-

rials as surface hardness, wear resistance, oxidation 

and corrosion resistance. The most typical features 
(frequently negative) of the surface relief at HPIB 

irradiation are craters of varied size and shape.  

The crater size and spatial distribution depend on the 

beam energy density and the phase state of the target 

material. The crater formation on surface various 

metal and system “thin metal film – metal substrate” 
was investigated previously [5–6]. However, HPIB 

surface modification of systems “thin dielectric film-

metal substrate” has the large perspective for im-

provement of corrosion resistance. In this work, we 

study the action of HPIB on thin dielectric film depo- 

sited on metal substrate. 

2. Technique of experiment 

Aluminium alloys was selected as model substrate 

material. The samples with diameter 12 mm and thick-

ness 2 mm were used as target materials. Samples 
were mechanically polished and were cleaned in ace-

tone followed by air-drying. GeO was selected as 

model dielectric material. GeO thin film was depos-

ited by thermal evaporation in vacuum onto alumin-

ium substrates. The films were deposited at substrate 

temperatures not exceeding 120 °C. The dielectric 
thicknesses were varied within an interval of 90–

200 nm. The dielectric film was deposition on one half 

of aluminium substrate only. After HPIB irradiation a 

surface morphology both half was compared. A Temp 

accelerator was used for irradiating the samples with  
a 300-keV proton–carbon beam (30% H+ and 70% C+) 

at an average current density of up to 150 A/cm2 and 

irradiation duration of 60 ns. The average current den-

sity ion beam was varied in our experiments.  

The dielectric film thickness was much smaller than 

the range of carbon ions and protons of the beam  
in the film material. At the same time, the substrate 

thickness was much greater than the ion range.  

The surface morphology of ion-irradiated samples was 

examined using Neophot-2 and Biolam optical micro-

scopes and studied in a Solver Pro atomic force mi-
croscope (AFM). 

3. Results and their discussion 

Surface morphology system “thin film GeO – alumin-

ium substrate” after HPIB irradiation dependent  

on current density of ion beam and initial condition  

of surface substrate. Figure 1 shows initial surface 

morphology aluminium alloy AD33T1. The right half 

of all samples is covered with thin film GeO. 

 

Fig. 1. Initial surface morphology of AD33T1 with thin film 

  GeO (right half) 

HPIB irradiation of thin dielectric film on metal 

substrate can result in a cracking of film and it de-

lamination from substrate because large difference  

of coefficient of thermal expansion of film and a sub-
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strate. The considerable cracking is observed at the 

large thickness of a dielectric film comparable with  
a ion path. At dielectric thickness used in the present 

work cracking and delamination is observed only in 

small local areas of the substrate. HPIB irradiation 

with small current density (up to 20 A/cm2) does not 

vary the surface morphology of aluminium alloy but 

the small reduction of thickness of GeO film is ob-
served because sputtering of film by ion beam and 

sublimation GeO at heating of film. It is appreciable 

on change interference coloring of dielectric film. 

Crater formation on the surface of aluminium  

alloy is observed at increasing current density up to 

50 A/cm2 (Fig. 2). 

 

Fig. 2. Surface morphology of AD33T1 (right half – GeO film) 

  after HPIB irradiation with j = 50 A/cm2 

At that, the surface of dielectric film starts to be 
deformed because of melting of a metal substrate under 

GeO film. At increasing current density the crater size 

on metal surface of substrate increases (Figs. 3 and 4). 
 

 

Fig. 3. Surface morphology of D16T (right half – GeO film) 

  after HPIB irradiation with j = 100 A/cm2 

 

Fig. 4. Surface morphology of D16T (right half – GeO film) 

  after HPIB irradiation with j = 150 A/cm2 

On right half substrate (covered by dielectric film) 

formed craters with smaller size and depth. Hard  

dielectric film with higher melting temperature is lim-

ited hydrodynamical movement molten layer of sub-

strate. 

At the large current density ion beam were ob-

served partial decomposition of GeO also. 

4. Conclusions 

Thus, HPIB irradiation of thin dielectric film on sur-

face of aluminium alloys lead to increasing a surface 

roughness if current density exceed 20 A/cm2. 
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