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We report the first waveguide laser based on rarthesesquioxides. A structured Nd(0.5%):(Gd,,0q)
film pumped at 820 nm showed lasing at 1}08. The laser threshold was 0.8 mW, the prelimirdope
efficiency 0.5 % and the maximum output power 1\8.m
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OCIS codes:(130.3120) Integrated optics devices; (140.352®¢ks, neodymium; (140.5680) Rare earth and tramsit
metal solid-state lasers; (230.7380) Waveguidescbled.

We report the first waveguide laser based on rarthe(RE) sesquioxides. Due to their relatively lphonon
energies, high thermal conductivities and damagestolds, sesquioxides are very attractive lasst imaterials.
Lattice matched Nd(0.5%):(Gd, LiD)s; films have been epitaxially grown on,Q; substrates, using pulsed laser
deposition. Epitaxial film growth has been verifigd situ by reflection high energy electron diffraction and
atomically smooth terraces have been observed dyiatforce microscopy. A room temperature fluoresee
lifetime 7= 258us has been measured for fig, (Nd®") multiplet. The emission cross sections of #g — *l11/
transitions for such a lattice matched Nd:(Gd,,D4)film have been determined (see Fig. 1) and contptreéhe
ones of a Nd:YO; bulk crystal measured in [1]. While there is a d@xcordance of the peak positions, the film

spectrum shows a slight line broadening in compari® the bulk crystal, most probably due to thegistical
occupation of the cation sites by Gdnd Lu™.
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Fig. 1. Emission cross sections of a Nd:(Gd,Og¥ilm in comparison with the ones measured in f]d Nd:Y,0; bulk crystal. The film
emission cross sections have been determined frefiuorescence spectrum (spectral bandwidth On32with the Flichtbauer-Ladenburg
equation. Therein, the radiative lifetimigg= 410um and branching rati6 = 47% determined in [1] have been used. The stsews the
waveguide laser spectrum.

Laser experiments have been carried out with jani2thick waveguide. It has been structured by reacibn
etching [2], resulting in straight rib channel wgu@es with widths ranging from about 2 tquth and an etch
depth of 300 nm. The film has been covered by auin&hick sputtered amorphous,8k layer and its end-facets
have been polished. A highly reflective coatingd@ G- 1100 nm) has been applied on the incoupliogtfand a
coating with 1 — 2 % transmission (1000 — 1100 omjhe outcoupling facet. A Ti:AD; laser beam at 820 nm has
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been coupled into a waveguide channel, using aostope objective with a numerical aperture (NAP&5 (see
Fig. 2). The outcoupled light has been collectethvaeinother microscope objective (NA = 0.7). Twohdaitic
mirrors were used as filters for the pump light.
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Fig. 2. Waveguide laser setup. Excitation occuaie820 nm with a Ti:AlO; laser beam, coupled into a waveguide channel. dialroitic
mirrors served as filters for the pump light. Thput power could be measured simultaneously witotitput poweP,, by measuring the
powerP; reflected from a glass plate.

Three laser wavelengths near 1079 nm and one &tridthave been observed simultaneously (see Figsiyell
as heavily damped relaxation oscillations for at80@us. The intensity distribution of the outcoupledeiakght is

displayed in Fig. 3a, while Fig. 3b shows the outpowerP,,; of the waveguide laser for various incident pump
powersP;,.
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Fig. 3.(a) intensity distribution of the outcoupled lasehlignd the corresponding intensity profiles withigsgan fit functions
(b) input-output curve for the waveguide laser andsuezment results for the determination of the I#s@shold (inset)

Using a thin glass plate serving as beam spliRgf, and P, have been measured simultaneouBly.has been
corrected by considering the transmittance of timupling objective and reflectivity of the incoing mirror.
Additional coupling losses have not been considefée transmittance of the outcoupling objectivd dichroitic
mirrors has been taken into account for the dettitin of P, Fitting the measured data points with a linear
function, a slope efficiency of 0.5% with respectthe incident pump power has been determined. side
efficiency with respect to the absorbed pump poiwenost likely significantly higheP,,; = 1.8 mW maximum
output power has been obtained f = 370 mW. Higher output powers can most likelyrbalized with an
increased output coupling. The laser thresholdbleasn determined to be 0.8 mW (see inset of Fighglgpplying
the lock-in technique and recording the laser isitgrwith a photodiode. Due to the light confinementhe small
waveguide dimensions, the threshold is very low.

The channel waveguide laser shows that active riateg optics based on such films is possible aadl th
Nd:(Gd, Lu}O; is a promising candidate for the realization ofrenoomplex integrated optical devices, possibly
leading to the implementation of multiple activedaand passive elements on a small chip. We ackmin®l¢he
support of the European Commission within the dpeiErgeted research project PI-OXIDE (017501).
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