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Laser ablation is employed in applications such as mass spectrometry. Laser ablation consists
of electron, ion, and neutral production, which comprises of three main parameters: incident
laser, target material, and background environment. Changing one of such parameters, or a
subset of each, would result to a significantly different result due to the complex laser-target
interactions. The main mechanisms involved in laser ablation involve electron and ion
production, plasma expansion, as well as plume propagation.

A time-of-flight (TOF) spectrometer is developed to investigate the influence of confining the
laser produced plasma in a small region, utilizing the target itself. When the plasma is
initiated within the small cavity, plasma density and collision probability increase. Electrons,
ions, and neutrals participate in the collisions within the inner cavity wall and is effectively
cooled down, resulting to energy losses.

The dissertation is divided into seven chapters. For the first chapter, fundamentals of laser
ablation, as well as its applications are discussed. TOF spectrometry and retarding potential
analysis (RPA) are described. The second chapter discusses the development of the cavity laser
ion source, and preliminary experiments using TOF and RPA. Ion current distribution was
measured with electron suppression using 250 G magnets near the Faraday cup collector
array. RPA analysis resulted to a 250 eV energy. High speed measurements resulted to particle
speeds of 110 m/s following the time of plasma afterglow.

The third chapter involves the electron production simulation following Keldysh multiphoton
ionization. Near target charge collection experiments are performed, and the electron signal
is described as a Maxwellian distribution. Increasing number of pulses showed an electron
energy loss of 0.7 eV after 10000 pulses ablation.

The fourth chapter discusses positive and negative ion production of cavity confined plasmas.
The influence of the magnetic field on the TOF signals is investigated. Trajectory simulations
under the influence of a magnetic field are performed, resulting to a mass of Ce* under a
magnetic flux density of 300 G. Then, a magnetic deflector flange is designed to steer the
propagating ions away from the target axis, resulting to a collected ion current of around 20
pA. Simulations on ion refocusing were performed, which showed focusing on a lens-to-ion
energy ratio approximately 0.1. An electrostatic lens is then designed, showing a significant
decrease in ion current for lens bias above 50 V. From the RPA analysis, the energy of the



distribution is approximately 250 eV. Increasing number of laser shots led to ion energy loss,
up to 150 eV. Experiments for negative ion production are performed for varying extraction
plate bias. Increasing number of laser pulses results to formation of large negative clusters
such as Cee and Css.

The fifth chapter discusses the optical spectroscopy of confined laser plasmas. Optical emission
of the plasma is measured parallel, and perpendicular to the target axis on both carbon and
aluminum targets. Emission spectra consists of ions up to C IV and Al IV, and continuum
enhancement of carbon continuum after 6000 pulses was observed. Further increasing the
number of pulses resulted to decrease in continuum and emission line signal. Decrease in
emission line signal for both carbon and aluminum are observed for increasing number of laser

shots. Fits were performed on the continuum spectra and obtained an apparent temperature
of 3000 K.

For the sixth chapter, pulsed laser deposition experiments were performed and discussed.
Deposited carbon thin films showed microcones and amorphous films, at 4 mm and 8 mm
target-to-substrate distances, respectively. Smaller spherical deposits are observed above
10000 pulses. Spherical deposits with nm to um order sizes are also observed at a substrate
distance of 100 mm. Chapter seven states the main results, as well as future work.



