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Temporally shaped femtosecond pulses for 
high resolution materials processing 

 
The modification of materials with femtosecond laser pulses is becoming a mainstream processing technique 

for selected applications due to the high lateral resolution modifications that are possible to achieve. This is 

possible mainly thanks to the nonlinear absorption mechanisms that are triggered when the characteristic 

high-power peaks interact with the subject material. Traditional direct-write laser systems employ nominal 

bandwidthlimited pulses which typically display Gaussian temporal profiles, resulting most of the time in 

crater shaped modifications at the surface level in dielectric, semiconductor and metallic materials. 

Advancements in temporal pulse shaping techniques [1-3] have demonstrated significant improvements with 

regards to the final size and depth increasing the overall ablation efficiency and final lateral resolution. In 

this work, we present a survey that includes the formation micro- and nanometric size modifications in 

dielectrics, semiconductors and metals induced by temporally shaped femtosecond laser pulses coming 

from an amplified Ti:Sapphire femtosecond laser system operating at 1 kHz, nominal wavelength of 790 nm 

and pulse duration of 30 fs. Examples and applications are presented for different material types. These 

results highlight the critical role of temporal pulse shaping in controlling laser-material interactions and open 

new pathways for high-precision material processing across various disciplines and fields of application. 

 

(A) Intensity profiles of the temporally shaped laser pulses implemented for the irradiation of (B) fused silica (top [2]) and soda 
lime glass (bottom [3]), (C) crystalline silicon <111>, and (D) AlSi10Mg alloy. 
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