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Microsphere Assisted Laser Irradiation Followed by Chemical Etching
Lin Zhenyuan Ji Lingfei
Abstract

Sub-Micron-Structure Array on Silicon Surface Fabricated by Dielectric
Wu Yan

Lii Xiaozhan Jiang Yijian
Institute of Laser Engineering, Beijing University of Technology, Beijing 100124, China

One method of dielectric microsphere assisted laser irradiation followed by chemical etching for fabrication
of sub-micro structure arrays on silicon surface with high processing controllability is presented. Three dimensional
micro-structure arrays with high quality of periodicity and homogeneity can be fabricated on silicon surface. The

formation rules of microstructure depending on microsphere size, etching time, and laser fluence are analyzed
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systematically. Based on the finite-difference time-domain simulation and the basic theories of silicon crystallization
OCIS codes 140.2180; 140.3390; 350.3390

and chemical etching, the microstructure formation mechanism of the microstructures is investigated. By means of

testing reflectivity of fabricated silicon samples, the regulation effect of the microstructure arrays fabricated under
different processing conditions on the optical performance of the silicon surfaces is verified.

laser technique; dielectric microspheres; excimer laser; crystalline silicon; alkali etching; microstructure array
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Fig. 1 Schematic of experimental process
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Fig. 2 (a)~(d) SEM images, (e) AFM image, and (f) cross section image of periodic arrays formed by laser irradiation with

200 m]/cm?® fluence assisted by SiO, microspheres with different sizes. (a) 1.0 pm; (b) 1.5 pm; (¢) 2.5 pm; (d) 5.0 pm
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Table 1 Size of microstructure formed by different size microsphere

Diameter of microsphere /pm 1.0 1.5 2.5 5.0
Bottom diameter of hill structure /nm 100~200 150~200 300~400 700~900
Diameter of ring structure /nm 250~300 300~400 400~500 900~1500
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(a) 1.0 pm; (b) 2.5 pm; (¢) 1.5 pm; (d) 5.0 pm
Fig. 3 Simulated electric field enhancement results for a 248 nm laser irradiating microspheres with different sizes.
(a) 1.0 pm; (b) 2.5 pm; (¢) 1.5 pm; (d) 5.0 pm
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Fig. 4 SEM images of sub-micro structures formed by rapid alkali etching and laser irradiation on the surface of monocrystalline

silicon assisted by an array of dielectric microspheres with different sizes. (a) 1.0 pm; (b) 1.5 pm; (¢) 2.5 pm; (d) 5.0 pm
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Fig. 5 SEM images of surface microstructures formed by 30 s etching and laser irradiating 1.5 pm SiO, microspheres with
different laser fluences. (a) 100 mJ/cm*; (b) 125 mJ/cm®; (¢) 175 mJ/em?; (d) 200 m]J/cm?
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Fig. 6 (a)~(c) SEM images and (d)~ (f) cross section images of surface microstructures formed by 200 mJ/cm?*
fluence laser irradiation on 1.5 pum SiO, spheres with different etching time.

(a) 10 s; (b) 20 s; (¢) 30 s; (d) 10 s; (e) 20 s; (f) 30 s
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Table 2 Size of microstructures on silicon substrate induced by 1.5 pm SiO, microsphere assisted laser

fabrication with different etching time

Etching time /s 10 20 30
Bottom width /nm 400~500 500~600 700~800
Height /nm 80~110 200~300 250~400
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Fig. 7 Reflectance spectra of silicon substrate fabricated by laser irradiation with 200 mJ/cm? laser fluence.

(a) 1 pm microsphere and different etching time; (b) microspheres with different sizes and 30 s etching time
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