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ABSTRACT

This thesis consists of two main parts. The first part is on design,
construction, test and installation of the deceleration lens system. The preliminary
goal is to decelerate ion beam to reduce ion energy to orders of 10-1,000 eV. The
deceleration lens was designed by using the SIMION program version 8.0. The
second part is on studying DNA conformations change using gel electrophoresis after
naked DNA was bombarded by nitrogen ion at an energy 64 eV and argon ion at an

energy 242, 304, 407, and 510 eV at fluence 10*° ions/cm?.

The deceleration lens consists of 6 electrodes. The shape of first 5 electrodes
is cylindrical and the last electrode is cylindrical connected with a long tube.
Aluminium was used to make the electrodes and Teflon insulator was used to separate

the electrodes. Properties of electrodes are: the first 3 electrodes for focusing an ion



Vi

beam before entrance of the deceleration part of ion beam and the last 3 electrodes for
deceleration of ion beam with the last electrode producing a parallel uniform exiting
beam. The entire deceleration lens system have 3 subsystems: the first is the
deceleration lens system, the second is for measurement of ion beam energy by an
electrostatic field, and the third is for bombardment of DNA. The deceleration lens
systems were installed inside the big chamber of the 30-kV vertical bioengineering
ion implanter (CMU3) operated at a pressure order of 10™ torr. The chamber was
supported by outside power supplies and a pumping system including a rotary pump
and a turbo pump. A stepping motor was used for driving the sample holder and the

ion energy measurement piece as well.

The second part of my research is on bombardment of naked DNA plasmid
pGFP at ultra-low ion energy in order to study the conformation change of DNA by
gel electrophoresis. In nature, conformations of DNA are suppercoiled and sometimes
have relaxed forms with the suppercoiled form more than the relaxed form. The DNA
was bombarded by a nitrogen ion beam at energy 64 eV, and after the bombardment
DNA conformations were found to include suppercoiled, relaxed and linear forms.
Naked DNA was also bombarded by argon ion beam at energy 242, 304, 407, and 510
eV, and after the bombardment DNA conformations were found to include
supercoiled and relaxed forms but without linear form with decreased supercoiled
form and increased relaxed form. It is concluded that DNA can be damaged by ultra-

low-energy ion bombardment with ion energy as low as only tens of eV.
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