PULSED LASER DEPOSITION OF
THIN FILMS




Diagnostics and Characteristics of
Pulsed Laser Deposition Laser Plasmas

» Success of Pulsed Laser Deposition has far outpaced understand

of laser ablation process, at least in the range of laser energies
used for film growth (~50MWcm™2)

» Requires diagnostics with ~ Thanosecond speed

Requires in situ diagnostics to correlate gas-phase conditions with




Diagnostics and Characteristics of
Pulsed Laser Deposition Laser Plasmas

« Various diagnostic techniques are better suited for high or low density
plasma plumes

iagnosti ay only one or two components of the plasma

d ion olecules, clusters, particles,




Diagnostics and Characteristics of
Pulsed Laser Deposition Laser Plasmas

Various major unresolved question about PLD plasma plumes (1994) include (but are not limited to)

* Role of electronic and thermal sputtering mechanisms in the ablafion of material amounts
necessary for film growth

lanation of laser absorption by inifial ejectants (atoms or clusters/flakes of




Diagnostics and Characteristics of
Pulsed Laser Deposition Laser Plasmas

» Fractional ionization of the plasma plume and the extent to which it can be
electromagnetically steered

» Roles of diffusion, scattering and hydrodynamics in the slowing and thermalization of the
background gases.

ious materials (kinetic energy, deposition



General Features of Laser Plasmas
and their Characterization

Saha Equation- Describes ionization state of a plasma in local thermodynamic
equilibrium (LTE)
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General Features of Laser Plasmas
and their Characterization

Simplified to
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atio of singly charged ions to neutrals in a plasma, and a fractional ionization of




General Features of Laser Plasmas
and their Characterization

The heating of a gas to the these temperatures is thought to occur through the inverse-
Bremsstrahlung absorption of laser light in a free-free transition of electron-ion pairs

Basically means that photons impact and accelerate ions/electrons in plasmae

Absorption coefficient
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General Features of Laser Plasmas
and their Characterization

» Shows the need for dynamic modeling of combined thermal, radiative, plasma and
hydrodynamic phenomena with time step sizes << 1 ns.

« Since a x n?, spatially non-uniform beams may introduce localized hot spofts in plumes

oionization and dissociation of clusters may be important absorption processes




General Features of Laser Plasmas
and their Characterization

A ~30ns PLD laser pulse in vacuum therefore produces a high pressure (~10-500 atm) bubble of hot
plasma < 50um from the target.

« Expansion of this bubble modeled by fluid dynamics and hydrodynamic effects covered in Chp 3

oroduces a supersonic ‘beam’ vaguely similar to a jet nozzle

ch species of the plasma plume



General Features of Laser Plasmas
and their Characterization

» Electrons more mobile than ions or neutrals, but cannot escape plasma
* Due to strong space-charge field generated by moving away from the ions

» Leads to space-charge acceleration model for ions in the plume

leld produced by electrons at plume boundary accelerate ions according to their




General Features of Laser Plasmas
and their Characterization

« Electrons in the plasma also respond quickly to internal or external potentials
 Form a “sheath” that shields the majority of the plasma from the applied field

« We can define the Debye length as a measure of this shield distance
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