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P1: Laser Physics and Optical Technologies

MICROSTRUCTURING OF HIGH BANDGAP MATERIALS USING FEMTOSECOND UV

LASER PULSES FOR MULTI-LEVEL DIFFRACTIVE OPTICAL ELEMENTS
Vitalija Smirnovaitė1, Dominyka Stonytė2, Domas Paipulas3

1Laser Research Center, Faculty of Physics, Vilnius University, Vilnius LT-10223, Lithuania

vitalija.smirnovaite@ff.stud.vu.lt

Micro-structuring of materials is one of the most widely applied fields in science and industry. The main

objective of surface structuring is to tailor the properties of the outer layer of amaterial to meet specific functional,

aesthetic, or performance requirements [1]. The complex interplay between laser characteristics and dielectric

materials provides insight into how specific laser parameters shape the structural and functional properties of

these materials. The diffraction limited focus point size is directly proportional to the wavelength, so a smaller

spot size leads to the precision. Thanks to the short UV wavelength, it is possible to ablate materials with high

precision and obtain a smooth surface morphology [2]. When the pulse is short, the laser energy is very intense

on the target, resulting in a cleaner, more precise ablation process and ability for highly accurate control of the

depth of the infringement [3].

The precision and smoothness is a must for the fabrication of DOE-phase micro structured elements. One

of the most commonly used diffractive elements is the Fresnel zone plate, but due to the limited resolution and

the size of the possible structure, researchers have developed a new diffractive element, the photon sieve [4]. It

consists of a series of pinholes of different depths spread over the entire Fresnel zone plate. Photon sieves can

be used to obtain a sharper focus, which is not dependent on the width of the zone area buton the dimensions

of the pinholes [5].

This article describes the influence of laser parameters on the micro-structuring of fused quartz by single

pulses of

"PHAROS

" femtosecond laser radiation. The results are analyzed, the dependences of depth, width and volume on the

pulse energy are investigated and the most suitable parameters for fabricating photon sieves are selected. Five

photon sieves of different periods (T = 4,5,6,8 and 10µm ) have been created with a focal length of 9 mm.

Fig. 1. a) the depth of pinholes illustrated by a graph, b) Photon sieve image by profilometer, c) Efficiency of different periods photon sieves.

The highest efficiency obtained was for a T = 4µm period photon sieve, which was 2.06%. Compared to

the studies using the same elemental design method, the efficiency value is 1.75 times higher (η = 1,18% [5]).

Also, this effiency is achieved with a focal length of 9 mm, that is 17 times smaller ( f = 150mm [5]).

[1] Mangirdas Malinauskas, Albertas Žukauskas, Satoshi Hasegawa, Yoshio Hayasaki, Vygantas Mizeikis, Ričardas Buividas, and Saulius Juodkazis.
Ultrafast laser processing of materials: From science to industry, 8 2016.

[2] J Zhang, K Sugioka, and K Midorikawa. Laser-induced plasma-assisted ablation of fused quartz using the fourth harmonic of a nd+:yag laser, 1998.
[3] P. Balling and J. Schou. Femtosecond-laser ablation dynamics of dielectrics: Basics and applications for thin films. Reports on Progress in Physics, 76,

3 201
[4] Wenbo Jiang, Song Hu, Lixin Zhao, Wei Yan, and Yong Yang. Design and application of phase photon sieve. Optik, 121:637–640, 4 2010.
[5] Matthew N. Julian, David G. MacDonnell, and Mool C. Gupta. Fabrication of photon sieves by laser ablation and optical properties. Optics Express,

25:31528, 12 2017.

Open Readings 2024, April 23rd-26th, Vilnius, Lithuania 135


	P1: Laser Physics and Optical Technologies; Spectroscopy and Imaging; Material Science and Modern Technologies; Theoretical Physics and Astrophysics
	MICROSTRUCTURING OF HIGH BANDGAP MATERIALS USING FEMTOSECOND UV LASER PULSES FOR MULTI-LEVEL DIFFRACTIVE OPTICAL ELEMENTS


