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Ultrashort laser material processing is a versatile technology that allows material structuring at nanometer 
scales [I]. In the context of the fabrication of nanofluidics components or photonics crystals, high aspect ratio 
nanochannel in dielectrics is required. Deep nano-craters have been produced with single shot from gaussian 
beams by taking advantage of geometrical aberrations and nonlinear propagation to elongate the beam focus [2]. 
However, the distortion of gaussian beams during nonlinear propagation in dielectrics produces irregular 
structures with strongly interdependant channel diameter and length. 

In this framework, Bessel beams present a significant benefit to maintain intense laser-matter interaction 
over enhanced propagation lengths since their nonlinear propagation can be stationary [3]. This property has 
been used to process taper-free micro-channels in the multi shot regime [4]. 

Here, we report the processing of high aspect ratio nano-channels in glass with femtosecond Bessel pulses in 
the single shot regime. Channels aspect ratio can exceed 100 and diameters range between 200 and 800 nm. Fig. 
lea) shows the focusing geometry of the femtosecond Bessel beam that is produced by a spatial light modulator, 
and crosses the exit side of the sample. Fig. I (b-c) show respectively the image of a nanochannel produced with 
a single shot of energy 0.85 ,.d and an array of nanochannels, showing the repeatability and capability of the 
technique for the processing of periodic nanostructures [5]. 
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Fig. 1 (a) Focusing geometry of the femtosecond Bessel beam at the exit side of the sample. (b) SEM image of a 

nanochannel formed by a Bessel pulse of 0.85 �J. c) SEM image of an array of nanochannels with 1.6 �m pitch, processed 
at 0.7 �J/pulse. 

One of the main novelties is that nanochannels can be produced with a linear and independent control of 
channel length and diameter. Through-channels are also demonstrated with single shot illumination. 

The stationarity of the nonlinear propagation of Bessel beams at ablation level intensity is key for uniform 
energy deposition and high aspect ratio nanochannel processing. Underlying physical process and physical limits 
of the technique will be discussed. Our results represent an important progress of femtosecond laser material 
nanoprocessing which is applicable to all dielectrics. We anticipate wide application to nanofluidics and 
nanophotonics. 
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