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Supercontinuum (SC) generation is an effect produced by filamentation of ultrashort laser pulses in transparent 

dielectric media and resulting in broad spectra with high spatial and temporal coherence [1]. Traditionally, SC is 

generated and characterized under single pulse laser exposure. Two or more laser pulses, that are equally temporally 

separated are called bursts of laser pulses. Material processing by bursts of laser is advantageous for various 

micromachining areas such as ablation, laser welding, fabrication of Bragg grating waveguides, glass scribing and 

cleaving [2‒4]. It has been demonstrated, that SC generation can also be achieved using bursts of laser pulses in 

photonic crystal fiber [5]. However, to the best of our knowledge SC generation in bulk materials has not been studied. 

 

 

 
 

Fig. 1. Filament-induced luminescence traces (first row) and time evolutions of supercontinuum spectrum (second 

row), in YAG crystal generated at 500 kHz repetition rate using single laser pulse (a, d) and bursts of laser pulses with 

16 ns (b,e) and 400 ps (c, f) separation times. 

In this study, we investigate SC generation using single pulses and burst of laser pulses temporally separated by 

400 ps and 16 ns provided by amplified Yb:KGW laser (Carbide Light Conversion Ltd.) laser having a pulse duration of 

210 fs and a central wavelength of 1030 nm.  

We examined SC generation in 5 mm sapphire and YAG crystals using single and 2 pulses burst with 400 ps and 

16 ns time separation between the pulses with the 500 kHz repetition rate. Sapphire crystal degrades rapidly using even 

a single pulse and no stable SC generation was observed with both types of bursts. In contrast, stable SC generation in 

YAG crystal was observed with single pulse and standard deviation of spectral intensity fluctuations (≈ 0.6 %) were 

measured for 550 nm wavelength (Fig. 1). Fairly stable SC generation was achieved with 16 ns bursts (for 550 nm 

spectral intensity fluctuations ≈ 1 %) although with slight shrinking of SC spectrum, while rapid narrowing of SC 

spectrum and highest spectral intensity fluctuations ≈ 9 % for 550 nm wavelength were measured using 400 ps bursts 

indicating rapid optical degradation of the crystal. 

 
[1] A. Dubietis, G. Tamošauskas, R. Šuminas, V. Jukna, and A. Couarion, Ultrafast supercontinuum generation in bulk condensed media, Lith. J. 

Phys. 57, 133-157 (2017). 

[2] C. Kerse, H. Kalaycıoğlu, P. Elahi, B. Çetin, D.K. Kesim, Ö. Akçaalan, S. Yavaş, M.D. Aşık, B. Öktem, H. Hoogland, R. Holzwarth, F.Ö. Ilday, 
Ablation-cooled material removal with ultrafast bursts of pulses, Nature, 537, 84-88 (2016). 

[3] S. Rezaei, J. Li and P.R. Herman, Burst train generator of high energy femtosecond laser pulses for driving heat accumulation effect during 

micromachining, Opt. Lett., 40, 2064-2067 (2015). 
[4] J. Li, E. Ertorer and P.R. Herman, Ultrafast laser burst-train filamentation for non-contact scribing of optical glasses, Opt. Express, 27, 25078 

(2019). 

[5] J. Vengelis, M. Kuliešaitė, V. Jukna, V. Jarutis and V. Sirutkaitis, Investigation of supercontinuum generation in photonic  crystal fiber using 
bursts of femtosecond pulses, Opt. Commun., 496, 127132 (2021). 

 


