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Abstract:
A new technique for. the analysis of solid-state laser materials named Fourier Transform
Time-Resolved Spectroscopy (FT-TRS) has been developed and implemented. FT-TRS has advantages
over previous analysis techniques, primarily the time in which complete material characterization can
be accomplished. The technique uses interferometric methods to collect sample emission after
excitation over a broad spectral range while simultaneously characterizing the emission lifetime. In this
way, analysis time is shortened considerably while providing information regarding absorption
frequencies, emission frequencies and emission lifetimes which are essential for understanding the
kinetics of the many photophysical processes which occur in these materials.

The interferometer used for our FT-TRS experiments can resolve spectral features to 0.25 cm-1 over a
range of nearly 23,000 cm"1 (25,000-2,000 cm-1). Temporal resolution to 20 nsec has been achieved.
The implementation of an optically parametric oscillating laser enables material excitation from
23,000-5,500 cm-1.

FT-TRS has been used for the analysis of several different thulium (Tm3+) doped laser materials. The
technique has proven to yield results consistent with earlier studies performed using different
instrumentation. Emission rise and decay lifetimes for several electronic transitions have been
determined. Mathematical fitting methods developed by Inokuti and Hirayama have proven to fit
non-exponential emission decay that occurs in these materials. Subsequently, the kinetics which
describe the many energy transfer events occurring after excitation have been investigated which has
yielded the magnitudes of these radiative and non-radiative energy transfer processes. 
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