RESONANT INFRARED PULSED L ASER DEPOSITION OF POLYSTYRENE

Sponsors Naval Research Laboratory (Vanderbilt); NatioBeience Foundation
(Seton Hall)

Collaborators Stephen Johnson, Ron Belmont, Ken Schriver,&ttRaglund
(Vanderhbilt)

Daniel Bubb, Cosimo Antonacci and L.-S. Yeung (8dtall University)

A solvent-free, conformal process for depositing tiims of polymers and other
organic materials has been developed over thef@asyears using the Vanderbilt
free-electron laser. This laser

vaporization technique, unlike the

ultraviolet pulsed laser deposition

technique used in the deposition of

inorganic thin films (especially

oxides), relies on laser vaporization

by weakly resonant excitation of

specific vibrational modes of a

polymer or organic targét.

An important question about the
ablation mechanism is whether or
not it is a purely ther_mal proCeSSFigure 1. Absorpti spectrum of polystyrene showing 1
To answer this question, we usegho IR modes at which ablation was carried out.
Vanderbilt's tunable free-electron - sstm
laser to ablate polystyrene with o & 343um
molecular weight of approximately ‘
10 kDa, irradiating first at the PS
backbone mode and then at the ring
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mode. These two modes have o °
nearly equal absorption (see Figure
1), so the ablation yield should be *]
similar if the process is thermal — 200 %0 660 800 1000 1200 1400 1600 1300
since the two modes would absorb #oflaserpulses

Finiire 2 Abhlation vield as a fiinctinon of laser nii
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the same amount of energy. However, as seen iard=ig, the yield from
irradiating the ring mode is approximately 50% ghhan when the backbone
mode is irradiated. Since the lifetime of the rmgde is roughly triple that of the
backbone mode (based on linewidths), this suggéss$ the longer-lived
vibrational mode is more efficient at promoting bdmeaking. Put in another
way, during the ring-mode excitation the polymen caake roughly three times as
many attempts to get over the potential energyidratmat binds it to its neighbors
as the polymer can make when excited via the bakbwode.

This adds evidence to the idea that resonant edrkser ablation is a non-thermal
process. Because resonant infrared pulsed lapesiden (RIR-PLD) can be used
to deposit films even of insoluble polymérs- such as poly(tetrafluoro-ethylene)
or Teflo® — this appears to be a versatile, broadly usabtéanique for
depositing organic and polymer films.
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