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Abstract: In this work, the recent progress of our research on optical cladding waveguides in 
dielectric crystals produced by femtosecond laser inscription has been overviewed. With different 
scales at cross sections, the cladding waveguides support guidance from single mode to highly 
multi-modes, and work for wavelength till mid-infrared regimes. Applications of the fabricated 
cladding structures as new integrated light sources are introduced.  

 

1. Introduction 

As the basic elements in integrated photonics, optical waveguide structures can confine the light propagation in 
small volumes, achieving high optical intensities with respect to bulk materials, in which high-performance photonic 
devices could be constructed in small, compact circuits [1]. Femtosecond (fs) laser inscription has become a 
powerful and unique technique to fabricate waveguides in a wide range of optical materials [2], since Davis et al. 
reported their pioneer work in glass [3]. Depending on the diverse parameters of the fs laser pulses and the material 
properties, the fs-laser inscribed waveguides can be with directly written structures (so-called Type I waveguide 
with single line writing) [4], stress-induced waveguides (Type II with double line filaments) [5], and depressed 
cladding waveguides [6]. In the cladding structures, the waveguide are located in the regions surrounded by the fs-
laser induced tracks with negative refractive-index changes. As of yet, people have fabricated cladding structures in 
a couple of dielectric crystals and ceramics. One of the advantages of the cladding waveguides is the designable 
shapes of the configurations and flexible diameters of the cross sections, which makes the cladding structures easily 
connected with the optical fibers, and support guidance till very long wavelength in Mid-IR regimes. In addition, it 
has been proved that the cladding waveguide usually offer guidance at two transverse polarizations, which is very 
important for phase matched frequency doubling. 

In this work, the recent progress of our research on optical cladding waveguides in dielectric crystals produced 
by fs laser inscription, including the fabrication and applications, will be summarized.  

2. Fabrication 

In our work, dielectric crystal cladding waveguides were produced by using an amplified Ti:Sapphire laser system at 
the Universidad de Salamanca, Spain, or by using a Fiber laser at Heriot-Watt University, UK. Figure 1 shows the 
schematic plot of the typical writing of cladding waveguides in crystals.  

 
Fig. 1. The schematic of the cladding waveguide fabrication process. 

The waveguide core is within the region surrounded by fs-laser inscribed tracks, in which the refractive index is 
reduced with respect to the bulk. The writing speed of the fs-laser spot is set up 0.7-1 mm/s, which offers fast 
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fabrication with acceptable guiding qualities. By using this technique, we have produced cladding waveguides in a 
couple of dielectric crystals, including laser media Nd:YVO4, Nd:GdVO4, Nd:YAG, Nd:GGG and nonlinear crystals 
KTiOPO4, BiB3O6, β-BaB2O4, etc [7-10]. 

3. Waveguide lasers 

Benefiting from the compact geometry, waveguide lasers are usually with reduced lasing thresholds and comparable 
efficiency with bulk laser systems. We have achieved continuous wave lasing in the fs-laser inscribed cladding 
waveguides. Most of them have shown high performance laser features. Figure 2 depicts the laser emission spectrum 
from the fs-laser inscribed Nd:YVO4 cladding waveguide (120 μm diameter), when the absorbed power is above the 
lasing threshold. 

 

Fig. 2 Laser emission spectrum from the fs-laser inscribed Nd:YVO4 cladding waveguide (120 μm diameter). 

4. Guided-wave frequency doubling  

Efficient second harmonic generation (SHG) from 1064 to 532 nm light have been realized through fs-laser written 
cladding waveguides in KTiOPO4 and BiB3O6 crystals based on the phase matching mechanisms. Under pulsed 
laser pump, the SHG conversion reaches a value as high as 45% for KTiOPO4 waveguide, and 25% for the BiB3O6 
waveguide. The nonlinear cladding waveguides have shown superior properties for frequency doubling to the stress 
induced Type II waveguides.  

In summary, our research results have shown that cladding waveguides in dielectric crystals may be successful 
candidates for diverse applications in photonic systems.  
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