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Figure 1 (Color online) Different wetting states™. (a) Young state and
contact angle; (b) sliding angle; (c) Wenzel state; (d) transition state; (e)
Cassie state; (f) underwater Cassie state for an oil droplet on a textured
substrate in water
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Figure 2 (Color online) Superhydrophobicity of lotus leaf'*®. (a) Pho-

tography of lotus leaf; (b) water droplet on the lotus leaf; (c), (d) surface
microstructure of lotus leaf

1215



a4 % B B 2019448 Foess F12#

M E(E2c). B—PIEF#—-PEEE TSN
KA 235 4 R — J2 I R T 1 95 o b A (1 2(d)). 7K T
FEAaf R T _E AL T CassiefZ il S, B/K AN K 73 9%
AT LUK KR AR, 7EKE TR S — B s R
HP0A348-501 55 b Cassie s Vil A5 A5 fuf LA S £ (1Y)
Bk s, BMiEZ, goBs s i 50 R mag ik
220 U 1) Y P TR R T  fir i  d ZK e DA Rwt
KA AR . BRI G IR Z Sy R
17t LA R B KRR, Ak BRSO 4T BB AE
PR KR e ™ ISR BE R T

G L N A e S s A

TE20064E, Baldacchini®: AP AEE 1 KRNSO
AbPRAEAE R R LA T B KYE. n(100)BYEE B
[i5] % 7F 700 SFe G PE AR I T = v, 485 R £
P K25 emP PN B G HOC R R B TR RE R L
Bt WOGRE R K 34.0 kI/m?LA b, 4y B s Y%
W L. BEE HOLRE R ARSI, T LATERER T
B — R HEE R 254 (K13 (a), (b)); P&l ik
A HE 1Y) FBURE Be A6 i, I i) 4 2 T 6T 7K 37 e 30 o 7 i
TR AR ARG (ARG WE M. 7K 6 % e T I 0 32 ol £y 58

CA=158"%1°

0l corees T oiiss

B o023sss I o27ses

¥ o19%0s

§ o1se2s

B3 RO R B KRR (a~d) Baldacchini®E \PMESF, 16 MR T il 4. (e~h) Zorbals AESF, it ASREE T4, ()~()
Yong& ANPIERSIAEE il 45, (m) KGR B BTl B /K FRIEL. (n) /KT A6 BTl 4 AR B /K 18T 1 220K S
Figure 3 Different superhydrophobic silicon surfaces fabricated by a femtosecond laser. (a—d) The sample treated in SFg environment by Baldacchini

et al®”!. (e-h) The sample treated in SF, environment by Zorba et al'””’. (i—I) The sample treated in atmospheric environment by Yong et al®®!. (m) Pro-
cess of water droplet rolling on the superhydrophobic silicon surface. (n) Water droplet bouncing on the femtosecond laser-induced superhydrophobic

surface
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Figure 4 (Color online) Superhydrophobic polymer surfaces prepared by femtosecond laser. (a)—(c) PDMS surface!®'; (d)~(f) PTFE surface’!; (2)
water droplet rolling on the tilted rough PDMS surface
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Figure 5 (Color online) Different superhydrophobic metals fabricated by femtosecond laser. (a) Stainless steel surface’”; (b) platinum surface!*'; (c)

zinc surface!”®!
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Figure 6 (Color online) Underwater superoleophobicity of fish
scale!'**! (a) Photography of fish scales; top-view ((b), (c¢)) and
side-view ((e), (f)) images of surface microstructure of fish scale; (d) oil
droplet on a fish scale in water
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day (a) and in the rain (b); (c) femtosecond laser-induced nanostructure on the silica glass surface; (d) oil droplet on the textured silica glass in water;
(e), (f) high transparency of the laser-induced underwater superoleophobic glass surface in a water medium
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Figure 8 (Color online) Femtosecond laser-induced underwater superaerophobic silicon surface and underwater superaerophilic PDMS surface

[46]

(a)—(d) Underwater superaerophobicity of the structured silicon surface; (e)—(g) underwater superaerophilicity of the structured PDMS surface
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Figure 9 (Color online) Slippery liquid-infused porous surface fabricated by femtosecond laser direct writing"*'®!, (a) Preparation process; (b)
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Figure 11 (Color online) Anisotropic wettabilities of the rice leaf and the femtosecond laser-induced microgrooves array. (a)—(d) Anisotropic surface
microstructure and wettability of rice leaf®"; (¢)—(j) anisotropic wetting and anisotropic sliding on the femtosecond laser-induced microgrooves'®
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Figure 12 (Color online) Anisotropic wettabilities of the butterfly wings and the femtosecond laser-designed triangle array. (a)-(e) Unidirectional
adhesion of the butterfly wing"®"; (f)—(h) directional adhesion on the femtosecond laser-induced superhydrophobic triangle array’
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The materials with various superwettabilities have attracted increasing interests because of their broad applications, such as
water/oil-repellent coating, self-cleaning coating, anti-ice/fog/snow, manipulation of droplets, oil/water separation, antifouling,
anti-corrosion, underwater drag reduction, lab chip, cell engineering, fog collection, microfluidic systems, and so on. After mil-
lions of years of evolution, natural organisms have evolved perfect structures and multifunctional surfaces. The surfaces of
many plants and animals are endowed with special wettability, which inspire scientists to design and fabricate bionic surfaces
with superwettability. It is found that the surface wettability is mainly determined by the chemical composition and surface
microstructure. Inspired by nature (e.g., lotus leaf, fish scale, pitcher plant, red rose petal, rice leaf, butterfly wings), a large
number of superwetting surfaces have been developed by various microfabrication technologies. However, those methods,
more or less, are suffered from some inherent limitations, e.g., tight restriction on special materials, lack flexibility, and com-
plex fabrication process. The development of a widely applicable and simple tool that can easily achieve various superwettabil-
ities is still the major trend in this research field. Femtosecond laser has been proven to be a strong tool in advanced mi-
cro/nanofabrication. Recently, this tool is also successfully applied to design and change the surface wettability of different
solid substrates. The femtosecond laser microfabrication has many advantages, such as small heat-affected zone, precise abla-
tion threshold, non-contact process, and high resolution. In addition, the femtosecond laser can ablate almost all of the materi-
als, including semiconductors, metals, polymers, glasses, and ceramics. By the simple one-step scanning manner, mi-
cro/nanoscale hierarchical structures can be directly created on the surfaces of different materials via the femtosecond laser
treatment. Taking advantages of these features, femtosecond laser microfabrication have also been a great success in preparing
superwetting surfaces.

In this review, we summarize the recent developments in femtosecond laser-structured surfaces with special wettability. The
article starts with the introduction related to the theoretical basis of wettability and the features of femtosecond laser microfab-
rication, as the background. Then, different superwettabilities achieved by femtosecond laser treatment are summarized,
grouped by the characteristic of wettability. Inspired by nature, those laser-induced surface microstructures have superhydro-
phobicity, underwater superoleophobicity, underwater superaerophobicity, slippery liquid-infused porous surface, controllable
adhesion, and anisotropic wettability, respectively. In each class of properties, the biological surface with such superwettability
is introduced in advance. Then, how to use a femtosecond laser to design and fabricate these special superwetting microstruc-
tures was discussed, i.e., the preparation principle. According to the formation mechanism of these superwetting states, the in-
ternal relation between the femtosecond laser-induced surface microstructure and the macroscopic wettability is revealed; that
is, surface microstructure determines the surface wettability. Next, some examples about the practical applications of the
femtosecond laser-designed superwetting surfaces are also introduced following various superwettabilities, such as
self-cleaning, manipulation of liquid droplets, oil/water separation, cell engineering, fog harvesting, buoyancy enhancement,
liquid patterning, underwater gas capture, and detection analysis. Finally, the existing challenges and future prospects of this
fast-growing field are discussed.

The technology of femtosecond laser-controlled surface wettability is still irreplaceable by other microfabrication methods
because of its special advantages. Such technology is better at designing and preparing fine microstructures and complex and
heterogeneous wettability. This technology will have superiority in some special applications, such as cell engineering, military
facilities, etc. With more and more scientists and engineers getting into this research field and being devoted to fabricating var-
ious superwetting surfaces, this research direction will have a bright and exciting future.

femtosecond laser, wettability, superhydrophobicity, superoleophobicity, bio-inspired
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