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ABSTRACT

This is original study on key components design the time-of-flight Ruther-
ford backscattering spectrometry (TOF-RBS) technique for nano-material surface
analysis with high resolution. Upgrading of the existing pulsed-beam accelerator
from 150-keV of d* to 300 keV of He' was proposed to use for the most powerful

method of a near-surface characterization of materials utilizing TOF-RBS.

The multicusp ion source was adopted to replace the old radio frequency
rf ion source. Simulation of the ion extraction and focusing system was done for
optimization by the computer program KOBRA. By optimization, the filament
current was varied between 15 and 20 A at the discharge current of 2 A. The

maximum beam current of 19.4 pA could be extracted from the source at an
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extraction under a focusing voltage of 10 and 6.5 kV. Configuration of the beam
was investigated by the measurements of beam emittance and beam size at the
exit of the Finzel lens. The beam emittance and beam size were 6-12 mm mrad
and 1.5 mm, respectively, which were very closed to the simulations. Choice of
filament metal tungsten (W), extraction test ion-beams (N, Ar, He), and design
and test of accel-decel system were completed for the ion-source development.

Installation on the 300-kV accelerator was done successfully.

The beam transport was redesigned based on the new multicusp ion
source and the existing beam pulsing system (chopper and buncher) to provide
He™ ion beam with a few nano-second width and 280-keV acceleration energy.
Simulation was done by the computer program Beam Optics, resulting in the
beam size at the target position of 1 mm in diameter. The measured beam size
was 0.6 mm in diameter. The optimization of the target position was done by the

PARMELA program, to be at 3.14 m from the middle point of the buncher.

Installation and test of 300-kV accelerator system for TOF-RBS. Compo-
nents, beam transport characteristics, beam optic simulation, and role of quadrupole
magnet were explained with technical data listed. Design and test of the scat-
tering chamber for TOF-RBS were shown with He-ion scattered spectra which
were measured by the MCP detector. The quadrupole triplet was designed by the
computer code MAGNET and constructed at the Fast Neutron Research Facility
(FNRF). The focusing strength of 50 m™2 was chosen, resulting in the number of
turn to be 400 turns/coil, which realized magnetic field gradient of 283.5 G/cm
and magnetic field of 34.5 G at the current of 3 A. The effective length, bore

radius and iron length were chosen to be 17.5, 2.5 and 15 cm, respectively.

Development of TOF-RBS system was implemented in this study. De-
signing component, fabrication and installation to the accelerator system were
completed. Beam extraction and He-scattering tests were done. Some problems

are however remained for further improvement.
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