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Abstract:
Energies, line widths, and line strengths for some intrinsic and perturbed site transitions of seven
different rare-earth ions doped into Y3A15O12 were measured as a function of concentration using
visible and infrared absorption. Nearest and next-nearest neighbor ion pair transitions were
characterized by their concentration dependence, and an analysis of Pr3+ and Nd3+pairs showed that
those ions are distributed randomly in the lattice.

For all transitions studied, the intrinsic D2 site and pair site transitions accounted for 92%-95% of the
total line strength; the remaining 5%-8% was assigned to perturbed site transitions. No significant
dependence of perturbed site line strength on ionic radius was observed. The nominally equal perturbed
site line strength for all transitions studied implied that oscillator strengths for intrinsic and perturbed
sites were similar. The perturbed sites appear to be a normal property of the Y3Al3O12 lattice.

To further investigate the nature of the perturbed sites, experiments were done showing that Er3+
occupies a site in Er3+:Y3Al5O12 with a threefold axis along <111> that is consistent with occupation
of the octahedral Al3+ site with C3i symmetry. Allowed magnetic dipole transitions at 1.5 microns
were identified in the 4I15/2(1) 4I13/2 absorption spectrum using site selective fluorescence. Angle
dependent Zeeman experiments on these transitions confirmed that they are from a site with a threefold
axis along <111>.

Using optical nutation experiments, the number density for Er3+C3i sites in 1.0 at.% Er3+:Y3Al5O12
was determined to be (5 ±2)xl017 Er3+/cm3. Since Er3+has nearly the same ionic radius as Y3+, the
occupation of these same sites by Y3+ was deduced to be 0.6% ±0.3%. Assuming each Y3+ C3i site
perturbs 12 D2 sites, the fractional line strength for perturbed sites would be 5% ±2%.

Similar experiments on 0.05 at.% Er3+:Y2O3 characterized C3i site Er3+4I15/2 and 4I13/2 crystal
field levels and g-tensors. The optimal direction for applying a magnetic field used to minimize
dephasing of coherent interactions was determined to be along <111>. Two-pulse photon echoes using
the C2 site Er3+ 4I15/2 4I13/2 transition had longer dephasing times with the field along <111> than
with the field along <110>. 


