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Abstract

We grew a 3 at% Tm: KY0.58Gd0.18Lu0.17(WO4)2 ac-

tive layer on the (010) and (310) faces of a KYW sub-

strate and achieved laser generation in both cases. The

comparison reveals a strong thermal dependence on the

laser operation in the layer grown on the (010) face.

Such comparison under identical experimental condi-

tions demonstrated that the active layer grown on the

(310) face shows better laser performance achieving a

maximum output power of 28.6 mW in cw regime.

1 Introduction

Research activity on the realization of laser generation in
active crystalline composites is growing because of the great
challenge of integrating photonic components into smaller
and smaller devices. Among all materials studied for such a
purpose, the monoclinic rare-earth double tungstates layers
doped with an active ion grown on a crystalline substrate of
the same family have been a subject of work specially in the
recent years for two ions, ytterbium (Yb) and thulium (Tm)
operating around 1 µm [1] and 2 µm [2], respectively. Epi-
taxies with special composition have been extensively stud-
ied for optimization of refractive index contrast and lattice
matching between the substrate and the guiding layer [3].

Concerning demonstration of Tm laser generation in op-
timized index contrast and lattice matched 3 at% Tm
:KY0.58Gd0.18Lu0.17(WO4)2 layer also grown on the (010)
face of a KYW substrate, a previous work considering pla-
nar waveguide [4] demonstrated continuous-wave (cw) op-
eration with a maximum output power of 5 mW at 1844 nm
linearly polarized parallel to the Nm (medium refractive in-
dex in these monoclinic crystals) optical direction. Also,
pulsed Q-switched operation was demonstrated [4].

The motivation of the current work was to improve the
efficiency of the laser generation using thulium ions in pla-
nar waveguides operating around 1.8 µm. For this purpose,
the followed strategy has been study the laser performance
of a layer grown on a face where the three thermal conduc-
tivity components of these monoclinic crystals are different

than those of the layer already studied grown on the (010)
face. For this, two planar waveguides grown on the (310)
and (010) faces of the KYW substrate were considered and
compared.

2 Experimental details

Single crystals of KYW were grown by the Top Seeded
Solution Growth (TSSG) method and used as substrate
for the growth of a layer with composition 3 at. % Tm
:KY0.58Gd0.18Lu0.17(WO4)2 by the Liquid Phase Epitaxy
(LPE) method, on both the (010) and (310) natural faces.
The samples were cut and polished in such a way the po-
larization of the incoming beam was parallel to the Np

(smallest refractive index) principal optical direction in
both cases. Laser experiments were carried out pumping
the waveguides with a tunable Ti:sapphire laser at 794 nm
(maximum of absorption for the Np polarization). Such
a laser is focused onto the samples through a microscope
objective with a spot of 64 µm in diameter. Another micro-
scope objective specially designed to work around 2 µm was
used to collect the output signal allowing the observation of
the confined laser mode. Two mirrors (input and output
coupler) were used for laser oscillation, the output coupler
had a transmission of 10% at 1.8 µm.

3 Results and discussion

The monoclinic double tungstates show natural faces la-
belled in figure 1. The growth rate of the two (010) and
(310) faces was determined to later grow a layer with a de-
sired thickness. The layers we used for the laser experiments
were 10 µm (010) and 11 µm (310) thick with a rms of 24
nm. The optical path in both cases was 5 mm.

For comparison in similar conditions of the two samples,
the laser experiments were performed with light parallel to
the Np principal optical direction. The active layer grown
on the (310) face operated in cw regime delivering a max-
imum output power of 28.7 mW at a maximum absorbed
power 53 mW operating at 1884 nm linearly polarized par-
allel to Np. Only, at the highest absorbed power,two polar-



izations (Np and Nm) coexisted. The corresponding laser
wavelengths for the two polarizations were 1880 nm and
1841 nm, respectively. This phenomenon is attributed to
the thermal load in the sample as we previously observed in
a Tm:KLuW bulk laser [5], so that, thermal load introduces
some losses that forces the laser to operate at a higher in-
version level resulting in shorter wavelenghts. In addition,
at such temperature, it happens that similar gain is reached
for another polarization (Nm) in this case, obviously with a
different inversion level and at a different wavelength. The
laser threshold amounted to an absorbed power of 14 mW.
Figure 2 shows the output-input laser characteristics for the
layer grown on the (310) face.
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Figure 1: Natural faces and principal optical directions of a
KYW single crystal.

The laser experiment with the active layer grown on the
(010) face could not operate in cw regime due to thermal
problems. The use of a mechanical chopper (50% duty cicle)
enabled laser generation with around 1 mW average output
power showing simultaneous lasing at 1826 nm (Nm) and
at 1832 nm (Np) from the laser threshold as can be seen in
figure 3. Note that the laser threshold is higher in this case
than in the case of the layer grown on the (310) face typical
for quasi three level lasers with higher electronic occupation
in the ground state. The gain curves for each polarization
in such crystals [6] explain perfectly the laser wavelengths
observed in this work. In a previous work on a similar planar
waveguide [4], although a cladding of the same KYW crystal
was grown on the active layer, up to 5 mW output power
was achieved in cw regime because the pump was parallel to
Nm at 802 nm pumping where the absorption is almost half
of that at 794 nm for Np polarization, reducing the thermal
load and enabling laser oscillation.

The difference in laser performance shown above could be
attributed to the dependence on the thermal conductivity
for all directions in each sample. In reference [7], the ther-
mal conductivity tensor of the monoclinic double tungstate
crystals was studied and we work to quantify how this could
affect to such a difference in laser performance. In addition,
the crystalline quality introduced by the defects of the in-
terface between the (310) and the substrate is expected to
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Figure 2: Laser operation of the active layer grown on the (310)
face with linear polarization parallel to Np.

be better than in the (010) face due to the smaller growth
rate for the former. The study of it for the two faces re-
sulted in 4 times faster growth rate in the case of the (010)
face than that of the (310) face.
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Figure 3: Polarization competition in the laser operation of the
layer grown on the (010) face.

4 Conclusion

The growth and laser operation of the active layers grown on
the (010) and (310) faces of a KYW substrate have been studied
concluding, that that grown on the (310) face performs much
better due to the higher dissipation of heat generated in the
waveguide. Further work is in progress to study the role of the
crystalline defects in the interface of the two layers with the
substrate to clarify the influence of the crystalline quality.
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