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Abstract:
Spectroscopic analysis and kinetic modeling of relaxation processes have been completed for 2.1% and
4% Er:YAG, 2% Er:YSO, and 0.5% Er:LuAG at room temperature. Simultaneously time and
frequency resolved emission spectra were obtained using step scan Fourier transform spectroscopy.
Experimental emission lifetimes of the 4I13/2, 4I11/2, and 4S3/2 levels were obtained directly from
these spectra. The 4I13/2 lifetimes were found to be 6.6, 6.5, 8.6, and 5.7 msec for 2.1% and 4%
Er:YAG, 2% Er:YSO, and 0.5% Er:LuAG, respectively. Lifetimes of 67.3, 10.5, and 67.7 μsec were
observed for 4% Er:YAG, 2% Er:YSO, and 0.5% Er:LuAG, respectively for the 4I11/2 state.
Experimental lifetimes of 10.7, 3.5, and 12.3 μsec were observed for the 4S3/2 state in 4% Er:YAG,
2% Er:YSO, and 0.5% ErrLuAG.

Quantum-mechanical calculations using Morrison’s code were performed and theoretical radiative rates
were generated. Comparison of these values with experimental emission lifetimes allowed
determination of non-radiative relaxation rates and branching ratios.

Additionally, an experimentally based new method of determining non-radiative rates was developed
that utilizes the intensity "volume" under the three-dimensional emission bands. The two methods
provided good agreement.

Finally, the rate constants obtained by these methods were plugged into a set of coupled differential
equations and. numerically solved using the fifth order Runge-Kutta method in Mathematica. Good
agreement with the experimental temporal behavior was obtained (including emission rises as well as
decays) indicating the validity of the results. Non-radiative vs. radiative branching ratios were
approximately equal for the first excited state 4I13/2, but higher electronic states typically showed >
99% of the population relaxing via the non-radiative channel. 
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