






















µm3/s for the case of the glass as plotted in Fig. 8(c). Furthermore, in the case of the glass, the 
ablation rate increases linearly with the pulse energy increase at a rate of 721 µm3/s per µJ. 
This contrasts with the Si wafer and aluminium where the energy increase seems to have little 
impact on the ablation rate. In addition, for the case of aluminium and Si wafer, the ablation 
rate is found to be only 20,000 µm3/s. However, for both materials, the measurements were 
corrupted by a re-deposition effect of the ejected debris as shown in Fig. 8(e), and 
consequently, the measured of the ablation rate for Si and Aluminium is a lower-figure of the 
actual ablation rate if the re-deposited debris is removed during the process. 

The drilling depth was also investigated and presents a maximum of 90 µm at 390 µJ on 
the silicon wafer (see Fig. 8(d)). The 3D mapping of the drilling hole shows a conic structure 
indicating a single modedness as expected. We note that this study was repeated using a 7-cell 
Kagome HC-PCF discussed above. Similar trends (not shown) were obtained but the results 
present a slight improvement of the precision of the drilling due to a smaller effective area of 
the fiber. 

5. Conclusion 

In conclusion, we experimentally demonstrated that hypocycloid core-shaped HC-PCF is an 
excellent platform for high field and ultra-fast optical applications. Milli-Joule level USP 
laser is guided over several meters long HC-PCF in either (i) a regime with minimum 
temporal and spectral distortion, (ii) a regime with strong soliton self-compression leading to 
record output peak intensity nearing the petawatt/cm2, and more than 10-fold compression 
ratio in a single stage process, or (iii) in a regime where self-phase modulation dominates the 
nonlinear optical effect in presence. Finally, fibers as long as 10 m were used to answer 
industrial requirements and laser engraving was done at high energy on several materials 
demonstrating high-precision focus-optics free laser microprocessing. 

Acknowledgments 

The authors thank the PLATINOM platform for the help in the fiber fabrication and 
engraving 3D mapping. This research is funded by “Agence Nationale de la Recherche 
(ANR)” through grants PHOTOSYNTH and Σ_LIM Labex Chaire, Astrid UV-Factor and by 
“la région Limousin”. 

 

#208453 - $15.00 USD Received 19 Mar 2014; revised 18 Apr 2014; accepted 22 Apr 2014; published 25 Apr 2014
(C) 2014 OSA 5 May 2014 | Vol. 22,  No. 9 | DOI:10.1364/OE.22.010735 | OPTICS EXPRESS  10746




