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ABSTRACT

Ion beam analysis (IBA) techniques are well established research tools in
a broad range of multidisciplinary scientific fields due to their simplicity, their non-
destructiveness, and the shorter run times required. They essentially make use of
the different interactions of a high-energy (on the order of MeV) ion beam, normally
produced in an electrostatic accelerator, with the specimen matter. Thailand did
not have this kind of accelerator before 2000, and so up until that time those IBA

techniques were never used.

This thesis is based on work performed at the Fast Neutron Research Facility
(FNRF), Chiang Mai University, with the objective of developing IBA techniques in
order that FNRF can become a comprehensive IBA center for Thailand as well as for

the ASEAN (Association of Southeast Asian Nations) region.

The FNRF is currently equipped with a 1.7-MV HVEE tandem Tandetron
accelerator, which has successfully analyzed a large number of samples using a beam
of millimeter size. The analytical techniques developed include Rutherford backscat-
tering spectrometry (RBS), RBS/channeling, particle induced x-ray emission (PIXE)

and ionoluminescence (IL).
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RBS technique is utilized to investigate the thickness and the composition
of thin films, i.e., Cu/Ag multilayer films and amorphous indium tin oxide films.
Special RBS analysis has been applied to determine the profile of a concentration of
light ion species which was implanted into a heavier matrix. A simple method was
developed that extracts the information from the deficiency part of the matrix RBS
spectrum. This method has been tested and applied to determine the depth profiles
of various C-ion implanted Si substrates for the purpose of analyzing the ion-beam-
synthesized SiC layer. Comparison with other well-known computer programs, such
as SRIM, SIIMPL, SIMNRA and DataFurnace, has confirmed this method as being

less complicated and less time consuming.

RBS/channeling has traditionally been used to analyze the crystalline qual-
ity of a sample. RBS/channeling analysis is shown to be a complementary procedure
for determining ion-implantation induced damage depth profiles. The application of
channeling effect measurements combined with grazing exit angle geometry can be
used to provide quantitative analysis of elements in ultrathin films. Furthermore,
RBS/channeling is employed to characterize the properties of the interface between
filtered cathodic arc-deposited amorphous carbon thin film and single-crystalline sil-
icon. New and valuable information on the specific carbon/silicon system will be

presented.

PIXE is a powerful, fast and relatively simple analytical technique that
can be used to identify and quantify trace elements. To calibrate the quantitative
nature of the data analysis procedure, standard reference materials (SRM 610) have
been characterized. In this thesis, the PIXE technique has been developed for trace
element analysis of aerosol measurements to monitor environmental pollution, and

trace element analysis of gemological and criminological samples.

IL is potentially a highly sensitive method for measuring optically active im-
purities and defects in samples. The potential of different features of the IL technique
— such as effects of color centers, and transition metal ions and rare earth elements
(REEs) impurities — are addressed in this thesis. A variety of samples have been
studied: gemstones such as sapphires, rubies and zircons; and ZnO nanostructures.
In this thesis study, particular attention has been directed to the following subjects:
studies of minerals by the use of IL, combined with the well-established PIXE; in-
vestigation of the irradiation-dose-dependent behavior of luminescence in sapphires;
and studies of the optical properties of ZnO-based nanostructures such as nanobelts

and nanowires.
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In conclusion, at Chiang Mai University have successfully developed the first

IBA techniques in Thailand, which can be used on a routine material analytical basis.
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