GOV S |

Wt 5 ot w1 o ik R

2020 4F 6 A Laser & Optoelectronics Progress June, 2020

%?ﬁi%ﬁi'ﬁ’i%ﬂﬁ%"‘iﬁ‘iﬁﬁ% (LIEINILN IR
P&t A il 2 v A B

RAE, Aok, KiET, R
PIL AR A T 55 B2l TR 5 TR, BAF RO THORE AR E. BPE PE% 710049
FE RO TR R A O T AR L R AR SCREROR . TR SO A IR A 5 0 o T 4
ARAALA] LA 2 B CRP O 5 5 S 4l 1 32 T 450 75 942 vy o 5 4 R T D' 2 S0 A ) 8 oo AR LU 5 4 L N TS OB 4 O T
FLATAES 9 P83 S S A0 T RE T AGE . AR SCBEIR TR O B R 45 S B i T R A A D B
P, BT HARRE (ORALRE IR O R IAOPDRH S M A P BT ST TR L THE TR BRI R R R Rk R R .

K| BOLLE RO BRI SR B AN S
hESES TN249 NEAARER A doi: 10.3788/LOP57.111419

Application of Femtosecond Laser Irradiation and Wet Etching in
Fabrication of Microstructures in Crystal Materials

Shen Tianlun, Si Jinhai”, Chen Tao™, Hou Xun

Shaanxi Key Laboratory of Information Photonics Technology, School of Electronic Science and Engineering,

Faculty of Electronic and Information Science, Xi'an Jiaotong University, Xi'an, Shaanxi 710049, China

Abstract

microelectromechanical system. The technology combined femtosecond laser irradiation and wet etching exhibits

Micromachining of crystal materials is a vital technology for fabricating microelectronic device and

advantages in removing femtosecond laser-induced defects and smoothing microstructure surfaces. It also exhibits
unique perks in preparing high aspect ratio structures and burying microchannels in materials, thereby facilitating a
new approach for micromachining of crystal materials. This study summarizes the technical features, principles,
and advantages of femtosecond laser irradiation and wet etching micro-nano processing technique and demonstrates
the research progress in fabricating microstructures in crystal materials such as silicon, silicon carbide, and
sapphire. The limitations and future advancements of this technology are also discussed.
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Fig. 1 Flow chart of femtosecond laser irradiation and wet etching. (a) Fabrication of high aspect ratio groove by

femtosecond laser irradiation and wet etching; (b) fabrication of micro-lens by femtosecond laser irradiation and wet etching
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Fig. 3 Morphology of structure changes and the chemical
selective etching induced grooves 't .
(a)(b) Optical micro-scope images of structure
change regions before and after chemical etching
induced by lens focused femtosecond laser;
(¢) SEM image of Fig. 3(b); (d) (e) optical
micro-scope images of structure change regions
before and after chemical etching induced by

micro-scope objective lens focused femtosecond
laser; (f) SEM image of Fig. 3(e)
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Fig. 4 SEM images of honeycomb arrays of micro-holes fabricated by femtosecond laser irradiation and selective chemical

etching®" .

(a) Hole entrances for the sample fabricated at laser power of 30 mW and pulse number of 4000;

(b) hole entrances for the sample fabricated at laser power of 45 mW and pulse number of 1600
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Fig. 5 SEM images of various structures® .
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(a) Chinese dragon; (b) line array; (c) circular ring;

(d) rings array; (e) triangular; (f) square; (g) pentagon
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Fig. 6 SEM images of various designed suspended structures™” . (a) Suspended line; (b) suspended disk;

(c) suspended helix; (d) suspended hexagon
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Fig. 7 Convex grid-patterned microstructures induced by

wet etching assisted femtosecond laser™™ .

(a) SEM image of Si sample after femtosecond
laser irradiation; (b)(c¢) perpendicular and sloping
images of the obtained convex microstructures;
(d) morphology of the microstructures achieved
by LCM; (e) height of the microstructures in

different position
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Fig. 9 Experimental results by parallel fabrication of femtosecond laser irradiation assisted wet etching. (a) Groove with

high aspect ratiot" ;
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Fig. 10 Silicon carbide processed by femtosecond laser irradiation and wet etching. (a) Groove with high aspect

ratio® ; (b) through hole structure™”
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Fig. 11 SEM images of micro-channel morphology of
silicon carbide. (a) SEM image after laser
irradiation; (b) magnified view of the laser
irradiation modified area marked with rectangle

1 in Fig. 1 (a); (c) micro-channel after
treatment with HF; (d) magnified view of the

micro-channel "
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Fig. 12 Grating structure processed by femtosecond laser
irradiation and wet etching®™ . (a) SiC grating

structure(100X); (b) diffraction pattern of SiC
grating structure captured by camera
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Fig. 13 Morphology and chemical composition of silicon

carbide grating structure before and after

[59] .

chemical corrosion (a) Morphology before

corrosion; (b) chemical composition in zone Aj;
(¢) morphology after corrosion; (d) chemical

composition in zone B
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Fig. 14 Influence of polarization on nano-ripples®”
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. (a) E perpendicular to the hole-wall surface; (b) the

angle of E and the hole-wall surface is 45°; (c¢) E is parallel to the hole-wall surface
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Fig. 15 Sapphire processed by femtosecond laser. (a) 3D
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37 40
channel structure”” ; S

(b) deep hole structure

(¢) nanopore structure'®”
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Fig. 16 Sapphire micro-optical devices prepared by
femtosecond laser irradiation and wet etching.
(a) AFM characterization exhibiting 3D
morphology and the cross section at the central
line of the FZP®* ; (b) SEM images and the
diffraction efficiency of the Dammann gratings
that generate 5X 5 spot sources® ; (¢) SEM
image of SWSs on sapphire after etching and
measured transmittance of fabricated SWSs on

sapphire with wet etching and without

etching®!
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Fig. 17 Imaging performance of the concave micro-lens

tes]

array (a) Schematic illustration of the

imaging system; (b) optical images of the
concave micro-lens array on a paper printed with
JLU, the square region is the concave micro-lens
array; (c)(d) image array of letter “F” using the
concave micro-lens arrays with spacing of 25 pm
and 40 pm, and the corresponding scale bars are

50 pm and 80 pm, respectively
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