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Abstract—It has been recognized that the monoclinic double
tungstates KY(WO4)2, KGd(WO4)2, and KLu(WO4)2 possess a
high potential as rare-earth-ion-doped solid-state laser materials,
partly due to the high absorption and emission cross sections of
rare-earth ions when doped into these materials. Besides, their high
refractive indexes make these materials potentially suitable for
applications that require optical gain and high power in integrated
optics, with rather high integration density. We review the recent
advances in the field of bulk lasers in these materials and present
our work toward the demonstration of waveguide lasers and their
integration with other optical structures on a chip.

Index Terms—CW lasers, dielectric materials, dielectric waveg-
uides, epitaxial layers, integrated optics, ion implantation, optical
waveguides, optical planar waveguides, optical strip waveguides,
pulsed lasers, rare earth compounds, solid lasers, thulium com-
pounds, tungsten compounds, ytterbium compounds.

I. INTRODUCTION

W ITHIN THE PAST five decades since their invention,
solid-state lasers have become the working tools in

many areas of applications. There is a drive for extended wave-
length diversity, ever increasing output powers, shorter pulses,
improved wall-plug efficiencies, as well as the need for smaller
footprint and higher optical integration. With respect to these
demands, in recent years, the family of monoclinic potassium
double tungstates has received a lot of attention as highly suit-
able rare-earth-ion-doped laser host materials.

The potassium double tungstates KY(WO4)2 (KYW),
KGd(WO4)2 (KGdW), and KLu(WO4)2 (KLuW) are isostruc-
tural and strongly anisotropic biaxial crystals, which crystallize
in the monoclinic structure with space group C2/c [1]–[4]. A
summary of some of their physical characteristics [unit cell pa-
rameters, density, melting and crystallization temperature, hard-
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ness, and stimulated Raman scattering (SRS)-active vibration
modes] can be found in [5] and [6]. Many laser relevant prop-
erties like refractive index, optical transparency, and thermal
conductivity are very similar for the three undoped monoclinic
double tungstates [5], [6]. They exhibit one of the largest absorp-
tion and emission cross sections and broader linewidths when
doped with rare-earth ions, which may be partly due to the high
refractive indexes and partly due to the strong anisotropy [7], [8].
Another important advantage of the rare-earth-ion-doped mono-
clinic potassium double tungstates is the relatively large ion sep-
aration allowing highest doping levels with minimum quenching
effects.

In this paper, we review the recent advances in the field of
Yb and Tm bulk lasers based on monoclinic double tungstates
KYW, KGdW, and KLuW, and present our work toward the
demonstration of waveguide lasers and their integration with
other optical structures on a chip. Section II deals with bulk laser
performance in these materials. The growth of KYW thin layers
and planar waveguide fabrication is described in Section III,
and laser results obtained with these waveguides are discussed
in Section IV. Finally, the fabrication of channel waveguides
and the first integrated optical structures in KYW is described
in Section V.

II. BULK LASERS

Among the rare-earth-ion-doped solid-state materials, Yb3+-
doped crystals are in particular well suited as gain media in high-
power lasers, femtosecond lasers, and amplifiers [9]. Yb3+ is a
promising activating ion that possesses a number of advantages
over Nd3+ for laser operation in the 1-µm spectral region [10].
These advantages are related to the very simple energy level
scheme constituted of only two levels: the 2F7/2 ground state
and the 2F5/2 excited state. Effects such as excited-state absorp-
tion, cross relaxation, and energy-transfer upconversion, which
can lead to a reduced laser efficiency through alternative paths
for depopulation of the upper laser level, are absent. The Yb3+

ion also has a small quantum defect as a result of the close pump
and laser wavelengths, leading to a low thermal load. The most
intense Yb3+ absorption line near 980 nm is suitable for pump-
ing with InGaAs laser diodes. The thermal conductivity of the
double tungstates of approximately 3.3 W m−1 K−1 (averaged
over the polarizations) is about three times lower than in YAG
but four times that of a typical phosphate laser glass [11].

The Yb3+-doped double tungstates KGdW:Yb3+,
KYW:Yb3+, and the novel KLuW:Yb3+ (for a review, see [12])
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