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Epitaxially grown Nd(0.5%):(Gd, LyD; and Er(0.6%):(Gd, LyD; waveguides deposited on,3; by
Pulsed Laser Deposition, providing peak emissiarsrsections comparable with those ob@4ibulk
crystals, have been fabricated and structuredwRikeguiding has been shown.
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While the waveguide geometry is already well esshleld for semiconductor lasers, it is also prongigor another
attractive class of solid state laser media, tme-earth (RE) doped dielectric oxides. Especidily $esquioxides
with their relatively low phonon energies, high i@l conductivities and damage thresholds are cittea host
materials for optically active RE ions. Therefarar aim was the fabrication of RE doped sesquiowdeeguiding
films with high peak cross sections and low propiagaosses. As high peak cross sections can raebtained
in crystalline than amorphous materials, and ctystsually offer other advantages like a betterrrttad
conductivity and mechanical stability as well, twduction of highly crystalline films was desiredue to its
flexibility regarding different material systemdet possibility of stoichiometric material transfand the high
particle energies obtainable, Pulsed Laser Depositas been chosen for the fabrication of thesesfilTo achieve
a high crystallinity and to prevent lattice strefite lattice mismatch between the deposited filrd anbstrate
should be as low as possible. Even though highitfuted RE doped O3 on a-Al,0;, S6O; on a-Al,0O; and
S60; on Y,0; films featuring emission cross sections comparakiih bulk crystals have been deposited
successfully, the high lattice mismatch of 4.8 %6-%, and -7.7 %, respectively, prevented theidation of
mono-crystalline films with thicknesses in the roitreter range. It is very likely that scattering doesmall
crystallites, especially at the surface, contributéghly to the parasitic losses in the waveguibeerefore the
scattering losses, which have been determined tabbet 4 dB/cm (at 800 nm) for apin thick Er(1%):%05
planar waveguide oa-Al 03, might be significantly reduced in a mono-crystedlone. While epitaxial growth has
already been shown for homoepitaxial sesquioxidgesys [1], we have recently fabricateduth thick mono-
crystalline (Gd, LwO; films on Y,O; and thus realized a system which provides a pesitefractive index
difference between film and substrate and theredtiosvs waveguiding.

A 0.5 at% Nd-doped (Gd, LyDs film has been deposited on a mono-crystalline githxial grade polished
Y,0; substrate, oriented in {100} direction. The growtas been monitoreh situ by Reflection High Energy
Electron Diffraction. The intensity oscillations thfe specularly reflected electron beam indicatirigyer-by-layer
growth could be seen up to film thicknesses of b0 After that the growth mode was passing int@-$i@w-
growth until the end of deposition at aboytrh film thickness. The crystalline growth in {100} ection has been
verified byex situX-Ray Diffraction and the surface investigated Aipmic Force Microscopy (AFM), showing
atomic steps confirming the 2D-growth mode (seerfigla). The fluorescence decay lifetime of Hhg,(Nd*")
multiplet was measured to be 188 at room temperature and the emission cross ssctibthe’Fs, — #1115
transitions have been determined from the fluomseespectrum using the Fiichtbauer-Ladenburg equéiee
figure 1b). For the cross section determinationnigasured lifetime was assumed to be the radiatiee The peak
positions can be found approximately at the sameeleagths where the maxima for Nd©; would be situated
and the maximum emission cross section of %.50%° cn? at 1079 nm is about the same magnitude as the
corresponding peak cross sections of Nd-dopg; ¥nd LyO; bulk crystals.
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Fig.1. (a) AFM images of apIm thick lattice matched Nd(0.5%):(Gd, L@} film deposited on {100}-oriented X0s. The height profiles were
taken along the white lines indicated in the imgbg Emission cross sectioms, of the*Fs, — *l11» (Nd™) transitions of the same film.

Another promising application of RE doped waveguidfilms is the realization of active integratediogl
devices, especially with Er-doping. For this, qurh thick mono-crystalline Er(0.6%):(Gd, Li)s film has been
deposited on a {111}-oriented,®; substrate and structured by Reactive lon Etchiggylting in approximately 30
channel waveguides with top widths ranging fronoStum and heights of about 400 nm. To reduce scattering
losses at the surface the waveguide has then loeenecl by an approximately 1u#n thick a-AbOj; top cladding.
The Cauchy parameters describing the refractivexnof the waveguiding film have been measured tjnou
spectroscopic ellipsometry and the refractive indext 1.55um has been determined to be 1.91. Due to the lower
refractive index of the substrate {03 = 1.88 at 1.5fum) light confinement is possible and has been iegriin first
waveguiding experiments at 670 nm (see figure 2).

Fig. 2. Intensity distribution of the outcoupled aeocof 670 nm light in one of the rib waveguidesidfum thick lattice matched
Er(0.6%):(Gd, Lu)O; film deposited on {111}-oriented X0; and covered by a 11fm thick a-AbO; layer after structuring.

Given the good spectroscopic properties obtaingderNd-doped system, which are expected for Eirdpas
well, and the possibility of light confinement,tiaé matched RE-doped (Gd, L@ on Y,O3 is a promising system
for the realization of active waveguiding devicEgpcoming propagation loss measurements will showetiadr
those mono-crystalline waveguides provide significdower scattering losses than their polycrystalli
counterparts. Furthermore, laser and gain expetsrae in progress. We acknowledge the suppoheoEuropean
Commission within the STREP project PI-OXIDE (01715
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