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We have studied the effect of proximity of ion tracks in amorphous SiO2 on 
their chemical etching behaviour. The ion tracks were generated in 2 
micrometer thick SiO2 by irradiation with 185 MeV Au ions and subsequent 
etching using hydrofluoric acid. Scanning electron microscopy reveals a 
decrease in the etched track radius below a distance of adjacent tracks of 
approximately 0.2 microns. Long range strain generated during track 
formation is a possible explanation for this behaviour. 

 
1. Introduction 

As highly energetic heavy ions pass through a material, they can disturb the structure in 
their paths, leaving behind cylindrical damage zones a few nanometres in radius and microns 
in length, called ‘ion tracks’. The formation of ion tracks is governed by the interaction of the 
ion with the target electrons [1,2]. The swift heavy ions excite large numbers of electrons, 
resulting in rapid localised heating facilitated by electron-phonon coupling. The temperature 
can far exceed the melting temperature of the material, which can lead to local modifications 
in a narrow region of a few nanometres around the ion trajectory. The subsequent rapid 
cooling can quench in the modified material forming an ion track. 

SiO2 has been chosen because it is both technologically relevant and well documented. 
Additionally, fission tracks in quartz and silicate minerals are often used in geochronology 
and for dating of archaeological objects.  In amorphous SiO2 the density difference between 
the track and the unaffected material is of the order of 3%.  This small variation, combined 
with the amorphous nature of both the track and background material renders direct 
observation of the tracks difficult [3]. 

Often the material in the ion track shows enhanced chemical etching when compared to 
undamaged material. This can lead to conical etch pits in the micrometer size range that are 
easily imaged using scanning electron microscopy (SEM). In this paper, we have used SEM 
to study the effect of proximity on the size of etched ion tracks in amorphous SiO2. The 
technique developed in this paper provides another means for the continuing research to 
develop a more detailed understanding of ion track properties. 

While the work itself is of fundamental nature, it has implications for areas such as 
nanofabrication, nuclear physics, geochronology, archaeology, and interplanetary science. In 
particular the materials system under investigation (SiO2/Si) is of high relevance for the 
semiconductor industry. 
 
2. Experiment 
2.1 Sample preparation 

The ion tracks were produced in commercially available 2 µm thick layers of a-SiO2, 
thermally grown on Si(100) substrates.  The irradiation was performed at the ANU Heavy Ion 
Accelerator Facility by irradiation with Au ions at 185 MeV, with a fluence of 1×109 
ions/cm2. The irradiation was performed at room temperature with the incident ion at normal 
to the sample surface. Subsequently the samples were etched in 5% HF for 5 minutes at room 
temperature. 
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4. Conclusions 
We have analysed SEM images of etched ion tracks in amorphous SiO2 to study the 

effect of their proximity on the etch radius. The tracks were found to influence each other at 
distances below 0.2 µm. This is beyond both the actual track diameter as well as the etched 
track diameter, which are approximately 10 nm and 1.8 µm, respectively. This indicates that 
this influence is unlikely to be a result of the particular etching conditions used, and is likely 
the result of strain in the material created by the formation of the track.  Extending the 
investigations of this project to different implantation and etching conditions, as well as 
different materials, will yield more detailed information about the strain generated during 
track formation, and ultimately yield a better understanding of the ion track properties. 
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