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Ultrafast Laser Fabricated Bio-Inspired Surfaces with Special Wettability
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Abstract  Bio-inspired surfaces with special wettability include superhydrophilic surfaces and various kinds of
superhydrophobic surfaces. Since these surfaces possess the properties as self-cleaning, anti-icing, anti-drag, and so
on, they have attracted tremendous attentions of international academia in recent years. With the rapid development
of ultrafast lasers, various surfaces with special wettability can be fabricated by means of the ultrafast laser.
Compared to other methods, the ultrafast laser surface treatment technology is simple, flexible and controllable.
The research progress in combination with the research achievements in our group in this field is reviewed.
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Fig. 1 Contact angles measured for water on (a) copper and (b) polytetrafluoroethylene surfaces
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Fig. 3 Micro- and nano-structures on biological surfaces. (a) Mosquito eyes” ; (b) lotus leaves

(¢) legs of water striders™ ; (d) back of beetle™ ; (e) rose face™ ; (f) Navodon septentrionalis™!"
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Fig. 4 Micro- and nano-structures fabricated by ultrafast laser on different materials. (a) Silicon
(b) glass®; (¢) polytetrafluoroethylene®™ ; (d)-(f) copper
(XRD) 43 #1 JC i 45 B 2 00 43 BT 25 28
R PO A AT LA A 2 1T (] ) A4 Tl A 235 4 R e 2 A2 1 oy (A R D L ARl — R R R R E AL BE T,

3 A PUEOG T A R R IR T K T
3.1 ®EFRKKRE
S K SR T P AZ O A TR 3R T R RE N T B O R AN A A . —BamT X A DL R R L B TR
T FIE I » D5 7 2 T ) 5 G 00 205 A b AR SR A5 8 S /K e T, B T 2 459 B S I K (W 22 i . PRIt B S /K R i
WL &8 AR ALY P B T R R, X S SR T A R AN S A I, — e R] ARA R R K
Vorobyev % Fi| FH TR RD IO 76 3% 55 2% 100 1 4% 17 5 ] BOK VA R 25 6 Y A 1 (BT BE 2954 100 pem , 7 T8 1
PRI w5 A M GOR SR X g T HL AT R (Y R SR K RRAE KR AR O AE R T MR E . A
AR IR, Y RE SR TR 0 = 4E B ANVE T L K RE S R N T ) R S K A e A U A R
WS s . ARl 0% T 35 R0 5 3k o 76 28 Filt 0 0 2 A I 2 1t S 3 T A R A B R

groove orientation Il (@)

\
t=0s  3-ul water drop

5 2% /K 3k 35 2% T S0 B K A e 4

Fig. 5 Realization of water running uphill on superhydrophilic glass surface
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Fig. 6 Ultrafast laser modified silicon surface in reactive gas atmosphere. (a) Modified sample surface and the black area
is modified by ultrafast laser; (b) contact angle of water on modified surface, about 154°; (¢) (d) micro-morphology of

modified areas (the scale bars are 5 pm and 1 pm, respectively)
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. (a) Schematic of reaction process; (b) schematic of final modified surface
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Fig. 8 SEM images of (a) top view and (b) side view from 45° of tungsten oxide surface topography;

(¢) water-drop profiles for the photoresponsive switch between superhydrophobicity and
superhydrophilicity of the tungsten oxide film before (left) and after (right) ultraviolet (UV) irradiation;

(d) reversible circulation of superhydrophobicity and superhydrophilicity'™
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Fig. 9 (a)(b) Micro- and nano-structures and wettability on copper surface obtained when scanning speed is 10 mm/s;
(¢)(d) micro- and nano-structures and wettability on copper surface obtained when scanning speed is 50 mm/s;

(e) (f) micro- and nano-structures and wettability on copper surface obtained when scanning speed is 100 mm/s;

(g) contact angles and sliding angles of water droplets on these different surfaces!"
AR TR 2 3 o R OO 2 T I 2 A B2 S R T A A A A 0 Oy kL TR R T A T B OB AE R T A
FE I S G450 . TERE—Z 80T G 2 18 57 OG4BT 42 i 3 10 ) 300 1 K 5 48 1) TR BE S A

0800001-8



H # ot

DK 2 R 1) AR R, DT ST 2 TR B 0 (R SRR T . TR O Ay oA R ) R T 4 4 AR Ak B X i
Al RS, AR (10 mm/s) , fHOK 25 F4 AR [R) B 2 T 40 K 25 4 % AR L& 9 () L (b) ], BB
Ferm HA W NOE S A ONTF 5% s B BB 2] 100 mm/s BFLE 9 Ce) () ], ok 45 48 %5 v 26 i o A
A D YRR A A, B S D B AR 3R T 45 R B R A 30K I R T JR B R AR ARG B T B ARE S SRR A K
WA SR IE GXFRS R S e LR 907 o HF — 25 18 4 4 18 132, SOK 25 1y 2 T AR R [ 7 B IR 25 = 30
Pz fil f AR /N

T ) 2 TR BRE T3 /I D ik SR 3 o 3T 3 DX 4 ) R T S5 R I A . B K R T 5 A
— S K DX G B Ty S B R, 3 e A B K DX RN A3 A REAE A R R i A 0% [R] B A AR
Bt 7 . 38 G R P EOR 2 R X L AR 2R 5 7E R R E IO S AE AN E B A . RS F B IS K
T e A X3 R R K T RO A A DX e B K 3 e s O R S R X TR
A S 2R RGBT R 45 . Zhang SFHT R AR DRSO 6 R 2 T HEAT 3% X OB 09 KU A
TN G LB 10Cd) IR B 3R T8 TR 1 K8 JA 30 A1 (0 R 3 XD 10 () ~ (o 3208 . = M8 (A
TE I T, Bl 10 Ce) Sy el 728 oA 4514 DX sl R /0N DA e A% 7K 7 3 THT A4 TR 3l ff 1) 52 560 5 B T 25 1 . vl L,
TCE T b €, 24 R 48 DX 3 7 3 1T X3 1) o R e KT I, K 3 T 0 7R Bh A ALY . R I X T T
RGO TR B MO SRSl DB S AR LG/, 388 0.7172 I SRR T IE R S 10D 1,1 f
}0.4209F1 0.0517 B, R BN AA 43 S0/ K 37°F0 5L 10(g) ], 1% 1 50 41 3 3 5b A ) 04 Ji B8 , 7E £ b b ok 3
T S0 T AR 5 R ST

~
@
~

© 100 pm

= theo.
" & exper.rhombus
A exper.triangle
| © exper.circle

'S
=

Y]
S
[ ]

0"
A

Sliding angle /(°)
— [\]
o (=]

01 02 03 04 05
ea fraction (hydrophobic domain)

2
G

g SR

®

®

T

P10 3l Jeh ok X4 i 4 o 2 T K ARG BT . () ~ (o) R ORI O 7 Tk R T e DX T R A 2R
SMAIEFEDE K3, B3 Ky R X (D Ot XS &5 SEM KR (o WIMEE f 12
(D f>=0.7172 WK ZEAR FHTURE R A S BL 5 (@) f2 24 0.4209~0.0517 B Y& A4 76 2 THI 1) VR 3l 17 L
Fig. 10 Controlling surface adhesion to water by laser selected irradiation”™ . (a)-(c¢) SEM images of rhombic, triangular,
and circular patterns fabricated by a femtosecond laser on Si surface; (d) large magnification SEM image of
laser scanned area; (e) sliding angles as a function of f,; (f) optical images of water droplet on different sloping surfaces

when f,=0.7172; (g) morphologies of sliding droplets with f, ranging from 0.4209 to 0.0517
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Fig. 11 Anisotropic micro- and nano-structures and anisotropic superhydrophobicity.

(a) Anisotropic superhydrophobicity of butterfly wings™ ; (b) hierarchical micro- and nano-structures on the
surface of butterfly wing (the scale bars are 100 pm and 100 nm, respectively) ™ ; (¢) anisotropic three-dimensional (3D)
micro- and nano-structures on the rice-leaf surfaces (the left is 60°-tilted-view SEM image, the upper right is cross-sectional
SEM image, the lower right is proposed 3D model of the rice leal)™ ; (d) anisotropic 3D micro- and nano-structures on
PDMS fabricated by ultrafast laser™" ; (e) unidirectional micro- and nano-structures on PDMS fabricated by ultrafast laser
(the spacing of adjacent laser scanned lines is 20 pm, some areas are not irradiated); (f) contact angles of water droplet in

two directions, perpendicular to (CA | ) and parallel to (CA ) the direction of the microgrooves on the surfaces™*
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Fig. 12 3D anisotropic micro- and nano-structures fabricated by multibeam laser interference lithography™*

oL )
30

. (a) Relationship
between micropearl morphology and the laser intensity ratio; (b) top view of SEM image of the fabricated micropearl arrays

(h,2200 nm); (¢) cross-sectional SEM image of the micropear] arrayswhen s =1.75 pm and b, =2 pm; (d) digital
photos of a water droplet on the surface and the contact angles measured along two directions
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Fig. 13 Micro- and nano-structures fabricated by femtosecond laser and their wettability at different temperatures.
(al)(a2) RM1; (bl)(b2) RM2; (cl)(c2) RMNI1; (dl)(d2) RMN2; (el)(e2) MNI1; (f1)(f2) MN2;

(g) contact angles at different temperatures; (h) sliding angles at different temperatures
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Table 1 Modification efficiency collected from some published papers

Material Steel and titanium Alloy Copper Glass PDMS Silicon
Efficiency /(minecm *) 44 55 0.6-11 33 10-42 412
Reference [45] [69] [21] [71] [18] [87]
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Fig. 14 Surface embossing technology. (a) Typical process schematic ; (b) ultrafast laser fabricated high

strength steel mold with micro- and nano-structures on it; (c) replicated silicone rubber surface
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Fig. 15 Representative SEM images of adhesion patterns of four kinds of bacteria on the titanium alloy surface

and ultrafast laser modified titanium alloy surface (after incubation for 18 h)“%
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