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Recently lasers have been widely applied in various materials processing. As one of laser techniques, light can be 

used for cutting or drilling metals, polymers, glasses. Femtosecond lasers can be characterized as a tool owning unique 

properties to process transparent materials in their volume. Due to their high-peak intensities, tightly focused 

femtosecond laser beams can modify locally the volume of material. Subsequently, these laser affected zones could be 

etched much faster that unexposed material zones. This technology is known selective laser etching and it enables to 

fabricate three-dimensional structures of the volume of transparent material.   

There have been shown many publications of researches of selective laser etching for various transparent materials, 

especially fused silica, but there are just a few for sapphire [1]. However, sapphire could be desirable material for the 

processing where long and narrow channels, steep edges are required, because of its greater selectivity (sapphire – 10 

000:1, fused silica – 100:1) [2]. 

The main goal of this research was to find out optimal parameters of femtosecond laser processing in order to form 

3D structures of sapphire. 

As a result, we investigated the etching speed dependence on processing parameters, such as laser writing speed, 

laser repetition rate and the average power of the laser. Moreover, we found that combination of selective laser etching 

and thermal shock allows fabrication of arbitrary geometry 2D objects, such as squares or cylinders. Furthermore, the 

etched sapphire sides had less than 200 nm roughness.  

 

 

Fig. 1. Microstructures made in the volume of sapphire using selective laser etching and thermal gradient: a) 

cylinders; b) squares. 
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