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Fig. 1 Schematics of femtosecond laser direct writing platform. (a) Galvanometer processing platform; (b) 3D

piezoelectric ceramic displacement processing platform
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Fig. 2 Micronano structures prepared by LIPSS on surfaces of different materials. (a) SOI surface grating and its

structural color™ ; (b) micro-nanostructure prepared on surface of 3161 stainless steel and its structural color

(¢) LIPISSs in different directions™® ; (d) LIPISSs with polarization dependence and its structural color
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Fig. 3 Adjustable structure colors prepared on stainless steel (X2CrNiMo17-12-2) and polymer surfaces®™ . (a) Structural

colors produced by LIPSS on surface of stainless steel under different observation angles with white light

illumination; (b) change of structural color from green to yellow when stainless steel is stretched in different

degrees; (c¢) change of structural color when polymer is stretched in different degrees
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Fig. 4 Structural colors of LIPSS formed at different processing wavelengths and viewing angles
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Fig. 6 Superhydrophobic structures based on polymer with shape memory property of thermal response:m . (a) Physical

diagrams of SMP film in initial state and deformation state and after restoration, and SEM images of reversible

morphological transformation between original and deformed micro-column arrays; (b) schematic and physical

diagrams of liquid transportation in different tracks on surface of SMP micro-column array and self-cleaning effect
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Fig. 7 Antireflective structures induced by femtosecond lasers on silicon surface™ .

1. (a) SEM image of periodic surface

structure induced by femtosecond laser on silicon wafer and different colors when observing silicon wafer at different

viewing angles; (b) antireflection test results of total reflection and specular reflection of polarized light at 6°

incident angle by structure prepared by FLIPSSs
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Fig. 8 Antireflection structures induced by femtosecond laser on fused quartz surface™ . (a) Optical photo and SEM image

of insect wing and its surface microstructure; (b) optical photo and SEM image of treated fused quartz sheet and its

surface microstructure; (c) photo of treated antireflection fused quartz sheet; (d) test results of reflectance of

unstructured and single-sided antireflection structure and double-sided antireflection structure from light band to mid

infrared light band
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Fig. 9 Antireflection structures induced by femtosecond laser on 304 stainless steel surfaces™™ . (a) SEM images of

femtosecond laser-induced microstructures under different polarization and energy densities; (b) specular reflection

characteristics of prepared samples; (c¢) reflection characteristics of prepared samples in circle band in Fig. 9 (b)
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Fig. 10 Subwavelength microstructures fabricated on ZnS by parallel femtosecond laser beams

9 (a) Schematic of

experimental setup for femtosecond laser parallel processing of subwavelength microstructures; (b) physical

diagram of prepared sample; (c)

5X5 light field intensity distribution of focused diffraction pattern;

(d) transmission spectra of single-sided structure at different incident angles; (e) transmission spectra of double-

sided structure at different incident angles
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Fig. 11 Antireflection structures on nickel surface prepared by ethanol assisted femtosecond laser irradiation

[70]

(a) Schematic of experimental setup for one-step assembly of 3D micro-nano cage structure under ethanol assisted

femtosecond laser irradiation, irregular microstructure induced by laser in air, laser induced spherical

microstructure in distilled water, and 3D micro-nano cage structure induced in ethanol solvent; (b) reflectivity test

and physical diagrams of 3D micro-nano cage structures prepared by laser irradiation of nickel surface with different

pulse energies
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Fig. 12 Fabrication of bioinspired compound eye based on PMMA by femtosecond laser direct writing and thermo-

. . 78]
mechanical bending"’®

. (a) Flow chart of preparation of PMMA-based bioinspired compound eye; (b) SEM image

of morphology of PMMA-based bioinspired compound eye; (c) optical microscope diagram of imaging of PMMA-

based bioinspired compound eye; (d) field angle of PMMA-based bioinspired compound eye

7 B B S AT ML T, f S5 A5 20 5 A= 52 IR &5
. i AEZ R ERY R 3.5 mm, B/ TS
JEZ)2N 1.6 mm, RIS 504 & 29 7600 NP
OB B, S L M Al ik 140°, XM T BA
TRHAS  Zy #iAE AT 552 Pk A 0 P B A B 1 T
S A S

2016 4F , Bian %7 3 13 38 % 20 bl Rl B CRD i
JCHEE M E 1) Al & T PDMS B 5 A4 &2 IR
(1 13), Bk my s K afErem 6 LA
Ja PR E A S OGEE B SN TRUS S . B
T 3% 388 B PG 5 ' AE AR AR 43 B 1020 9 HF 3
ZIih 100 min, B AT 75 2 f0E 5 M50 . X R T4
2 WA S AE TR 58 ) = e B T B, T W
PRAIE 2R A5 O o S TR 3% 1R AT DA i T B 5
FR ERI A e X HE R B B . R
TR R R H A RO BT AR S R A 0 0B R
BZRPRR R EH CEOCR AR ERA
AN R AR BE ST TSRS b 3l R B
AR} AR BE , DF R O A B I E A S A O
WFFIZAM N RO R BT B A 2k, BI 5T T 28
AN TR B R 5 R 2 TR 0 RS i 22 . 3 3k BAF 5T
R M/ T A0°EF, A FH I R =T il A5 Y H
OB BN 2 7E 0. 5% LLR a8 45 18] i I 22 /N T
2%, AL IX AT WEE A e T ER R Y il R
AR IR TV T 3 BRI ) BT A B 4 A
MR S H & T REY O AERIR, AR

M ERB B EARN 5 mm, REH S5 & 3000 4
HARA 95 pm /MRER . SEG T ML, %05 ik
LR AR R L AR Y B (G 5 T e S L P )
A4 52 IR B I B AR BE ) . X T T AR R AR Y
X v A gl i 5 AR D TR AT AT 25l R L ) 3
BR AR T — SR RE A R IR AR . AR DITER
JEHE MRS R A S EREE DR
RN T AR H R MR

5 Az 52 R A 1 G2 ] 4 77 0k A 6 220 B B T L
AR K BEC RN Z R T 55 . SR 3K L7 3k
DGE AT X BRI T 05 A2 52 IR A8 A i 2 355 o
M. O T e X — Bk B BT TAEE R T —
Mot RSO i B JR A 1 22 ok A4 TR T 1 L O
FIZIT A A PR b iE T RObsA . OB SR
B B 49 DR /N 1 210 T LA e ] 221k b 1] 40 385 ' B
JCAMER AT AR PR . AR R 2 B 5 A IR
i # O I AR R AL T O 2 A A X PR TN Y
RIEHERAR ., 2018 4F, Cao % K RD O ik o
AT RS RIE 2 b 2 AR TR RO
FAT 0 T By a0 o e Al T 2 T A = 24 1 v
BEHEES . H 23 18] I 1 88 08 SO TR P i AR
3 AT I R O R 3 O Bl /DR S A
JeR g ad 2= (B DE IR i & 5 B 2 A R B R
SR AL AN RE R AT BRI Y . X AR O AT I TRy 75X
A LA B e OE I TRGR . S8 P T IT B  E
B 38 43 2 CRR O K B i AR AR 1 . AR =

1002702-14



F 495 £ 10 #/2022 £ 5 A/FEHH,

@ (b)

10% HF

crater

WM M e om m om

v 4 5 = A

Pl 13 R ik 220 o A By QAP WO B0 S RAR S i O U 45 19 PDMS S 4 R IR
P 5 (b) RAPBOGTE MR B8 b B He B AR B 91 ) 7 2 R BRGS0 A2 1 23 7 25 2R 5 (o) PDMIS 45 A2 S IR 1) JE
SRS 2R 5 () PDMS 75 A= 52 R A o't 27 0 3l 45 2R

Fig. 13 PDMS based bioinspired compound eye prepared by wet etching assisted femtosecond laser direct writing and

lithography™”
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. (a) Flow chart of preparation of PDMS-based bioinspired compound eye; (b) schematic of

femtosecond laser direct writing micro-dot array on inclined glass sheet and analysis results of micro-lens

deformation; (c) test results of morphology of PDMS-based bioinspired compound eye; (d) optical test results of

PDMS-based bioinspired compound eye
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Fig. 14 Bioinspired compound eye fabricated by dry etching assisted femtosecond laser direct writing and high-temperature

. . [81]
casting of superhard materials™"~

(a) Flow chart of preparation of glass-based bioinspired compound eye and

morphology of bioinspired compound eye; (b) imaging and focusing diagrams of glass-based bioinspired compound

eye; (c) field angle of glass-based bioinspired compound eye
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Fig. 15 Zoom imaging bioinspired compound eye fabricated by wet etching assisted femtosecond laser direct writing and
[82]

. (a) Principle diagrams of design inspiration, preparation process, and zoom imaging of bioinspired

compound eye; (b) test diagrams of zoom imaging of bioinspired compound eye
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Abstract

Significance
innovation and development of material science and engineering technology.
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The micro-nano structures in nature contain endless functions, which bring new opportunities for the

Inspired by biological functional
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surfaces, many new applications have been developed for biomimetic surfaces, such as structural colors,
superhydrophobicity, self-cleaning, and optical performance improvement. Femtosecond laser direct writing
technology is a processing method that can accurately control the material structures in the micro-nano scale. By
adjusting the femtosecond laser processing parameters, 3D processing beyond the diffraction limit can be realized in
a variety of material systems. The unique feature of the femtosecond laser direct writing technology is that it can
realize the cross-scale modification of materials, and prepare more complex micro-nano structures through simulation
and optimization. In this review, the characteristics and processing advantages of femtosecond laser are first
introduced, and then the applications of femtosecond laser in the fields of structural colors, superhydrophobicity,
anti-reflection, and bionic compound eyes are described in detail. In addition, the applications of the femtosecond
laser fabrication of bionic functional micro-nano structures in other fields are briefly illustrated. Finally, the
development of the femtosecond laser fabrication of bionic functional micro-nano structures is prospected.

Progress In the long and brutal process of natural selection and biological evolution, various organisms have
evolved their own unique functions to adapt to the environment. With the help of microscopic imaging, it has been
found that the surfaces of many organisms are covered with many micro-nano structures. It is the different
characteristics of these micro-nano structures that enable the organisms to adapt to extreme living environments. In
line with the principle of learning from nature, researchers have carried out a lot of research on the micro-nano
structures of biological surfaces, using different processing methods to imitate the structures of organisms in a
variety of material systems, realizing the structural colors of material surfaces, superhydrophobicity, anti-reflection,
large field of view angles and other functions. At present, nano-imprint printing, 3D printing, plasma etching,
photolithography, ultra-fast laser processing, and other technologies have been used to achieve the preparation of
bionic functional micro-nano structures. Among them, the femtosecond laser processing technology has the
characteristics of high precision, cold processing, and diffraction limit breaking, and has an obvious technical
complementarity with the traditional processing methods. Nature may be said to be the guide to the extreme
manufacturing of modern industry. Therefore, the bionic design born from learning from nature presents unique
functional characteristics due to the micro-nano structures of their unique surfaces widely used in radar, submarine,
aircraft, corrosion resistant coating, and self-cleaning occasions. The femtosecond laser direct writing technology is
widely used in the controllable fabrication of bionic micro-nano structures. A femtosecond laser has two obvious
characteristics. One is that the duration of a femtosecond laser pulse is very short, which inhibits the formation of
thermal action zones around the laser focus area. The other is that a femtosecond laser has a very high peak power,
which far exceeds that of the Coulomb field in atoms. This kind of technology is highly accurate, simple, and
efficient. Compared with other micro-nano manufacturing technologies, it also has the advantage of good
compatibility with materials. Bioinspired micro-nano surfaces have been widely concerned in the industrial field and
the academic circles due to their wide application background, such as self-cleaning, oil-water separation, and fog
collection. This paper reviews the new progress in the preparation of biomimetic functional micro-nano structures by
a femtosecond laser, and shows their properties in structural colors, surface wettability, optical performance
regulation, and so on. The potential application prospects of the femtosecond laser preparation of biomimetic
functional surfaces in present and future are discussed.

Conclusion and Prospect Due to the limitation of the length of this article, other excellent femtosecond laser
fabrication of bionic micro-nano functional structures and their applications cannot be introduced in detail. The
femtosecond laser direct writing technology can be used to simulate and fabricate the surface micro-nano structures of
lotus leaves, nepenthes plants, rice leaves, butterfly wings, and gecko fingerprints. These structures include micro-
pores, micro-columns, periodic structures, and self-assembled structures. The microstructures can realize self-
cleaning, anti-ice, oil-water separation, bubble manipulation, structure colors, fog collection, underwater bubble
collection, droplet transport, shock resistance, adhesion, and other functions. In this paper, the applications of
femtosecond laser direct writing to fabricate bionic functional micro-nano structures in structural colors,
superhydrophobicity, and optical performance control are reviewed. The biological surface micro-nano structures
have provided infinite inspiration for researchers and stimulated a large number of excellent works on the ultra-fast
laser fabrication of bionic functional surfaces. However, there are still some problems, such as how to quickly and
efficiently simulate complex natural surfaces and how to accurately reproduce cross-scale micro-nano structures.
There is no doubt that the solution of these problems will further enhance the competitiveness of the femtosecond
laser fabrication of bionic functional micro-nano structures. It is believed that with the improvement of femtosecond
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laser micro-nano manufacturing capability and the continuous new inspiration brought to us by nature, the bionic
multi-functional surfaces should create more application value in biological, medical, environmental protection, and
other fields in future. Finally, an example is given to illustrate the new application of the laser micro-nano fabrication
of complex high-resolution structures.
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