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A channel waveguide laser has been demonstrated by top-loading of a KY(WO4)2:Yb3+ 
planar waveguide with a piece of standard optical fibre in combination with contact 
fluid. Laser emission with a threshold of 85 mW and a slope efficiency of 30% has been 
obtained. 

Introduction 
Monoclinic potassium yttrium double tungstate, KY(WO4)2, hereafter abbreviated as 
KYW, has proven to be an excellent host for solid-state [1] and waveguide [2] lasers. 
Rare-earth ions incorporated into KYW exhibit very high absorption and emission 
cross-sections. In particular, KYW:Yb exhibits an absorption maximum at 981 nm with 
a cross-section, for polarization parallel to the Nm principal optical axis, which is ~15 
times larger than that of YAG:Yb. This short absorption length, in combination with a 
quantum defect as small as 1.6% [3], leads to minimal heat generation and makes 
KYW:Yb an excellent candidate for thin-disk lasers [4]. Its high refractive index (2.0-
2.1) makes it suitable for highly integrated optical devices [5] and potentially allows for 
side-pumped channel waveguide lasers. Here we present laser emission from KYW:Yb 
layers grown onto undoped KYW substrates by liquid phase epitaxy with butt-coupled 
cavity mirrors, where the lateral optical confinement is created by a short piece of 
standard fibre with a contact fluid forming a top-loaded channel waveguide. 

Experiment 
We use a 17-μm-thick layer of KYW:(1.2 at%)Yb grown onto an undoped KYW 
substrate. The doping causes a refractive index increase of 4×10-4, thereby creating a 
planar waveguide. Dielectric mirrors are butt-coupled to the parallel polished end-faces, 
while the in-plane confinement is created by placing a bare fibre in contact fluid 
(Fluorinert) on top of the planar waveguide, which induces a top-loaded channel 
waveguide (Fig. 1a). 

Fig. 1.  (a) Photograph of the waveguide in lasing condition. The channel waveguiding achieved by the 
fibre can be clearly indentified; (b) out-coupled pump and laser wavelengths 

(a)                      (b)

0

0.5

1

1.5

2

970 980 990 1000 1010 1020 1030 1040

Wavelength (nm)

In
te

ns
ity

 (a
.u

.)

 



The waveguide is pumped by a Ti:Sapphire laser operating CW at 980 nm. Because of 
the low numerical aperture of the waveguide in the horizontal direction and the 
correspondingly low magnification of the incoupling microscope objective of 2.5× the 
pump laser spot was somewhat larger than the geometrical waveguide dimensions and 
only a rather small fraction of the incident pump power of ~33% was estimated to be 
launched into this channel waveguide. 

Results and discussion 
The wavelength of the laser emission could be tuned between 1025 nm (Fig. 1b) and 
1040 nm. The laser emission terminates as the contact fluid evaporates, but is restored 
after reapplying the contact fluid to the mirrors. As the bare fibre did not fully span the 
distance between the mirrors, no fresh contact fluid reached this strip. The horizontal 
confinement was apparently induced by the residual of the evaporated Fluorinert, which 
had concentrated along the fibre due to surface tension, as removal of the bare fibre did 
not affect the lasing properties. The laser emission at 1025 nm was measured after 
separation of pump and laser wavelengths by a grating, resulting in a strongly elliptical 
beam profile (Fig. 2a), an output power of 14 mW, and a slope efficiency of 30% (Fig. 
2b). The pump threshold was 82 mW. 
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Fig. 2.  (a) Measured output beam profile at 1025 nm; (b) input-output curve of the KYW:Yb channel 

waveguide laser 

Conclusions 
These experiments show that horizontal confinement by top-loaded structures on a slab 
waveguide can be applied to obtain channel waveguide laser emission. 
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