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Biomimetic Micro- and Nanopillar Adhesives
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Abstract: Many animals (gecko, beetle, tree frog, etc. ) can climb on various substrates by reversible adhesion forces,
which are determined by the micro/nano—pillar structures (seta, smooth pad, etc. ) on their toe pads. On the one hand, the
mirco/nano—pillars with fine sub—structures ensure numerous effective contact points between the toe pad and the substrate,
forming tremendous adhesion forces as high as 200 times of animal’s body weight. On the other hand, the fine structures of

mirco/nano—pillars also ensure the effective detachment from the adhering substrate. The adhesion abilities, relying on the

fine structures rather than the surface chemisiry, arise great scientific interests and widely potential applications.
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Fig. 1 Contact tips (in circles) of adhesive setae of different animals.
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The heavier the animal is, the finer the adhesive setae is!’]
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Fig. 2 Pillar arrays prepared by different technologies and materials
(a) polyimide nanorod array prepared by oxygen plasma
etching!”) | (b) PDMS micropillar array prepared by soft
lithography 2! | (¢) ~ (e) PS nanopillar arrays with flat,

pancake-like and foot-like tips replicated from AAO template'®’ |

(f) PMMA nanofibrils replicated from PUA mold by
hot-embossing!®! | (g) VA-CNT arrays with high AR*!
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Fig. 3 Different tips end by direct molding: (a) wedge-like
tips ) | (b) mushroom-like tips ) | (¢) ~ (d) flat

tips and concave tips“g]
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Fig. 4 Different tips end by postshaping; (a) hemispherical tips,

(b) flat tips, (c¢) mushroom-like tips, (d) spatular tips>"!
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Fig.5 (a) ~(b) spatular—like tips'®®*®) | () thin rectangular

tips®) and (d) half—circle tips'®!’

2.3.2 ARIRFE MY A ARG R4 A
BEFEIRAE NI AR EEEH T EEMRE

S5, T RO T A —E A (ARl 6a) o TE SR
7 50T VR BRI 2 T8 094 25 1) 5 1o A e R 0 0 & B,
TR ) (4 B 1 23 0508 W) =6 A i ¥ 22 M R T L, R
b i ok i A, 7 AR ARSR A B B AL AN Tokay BE FE
A 38 ] ) BRI R B AT PR AR 200 N R B ) R 40
N Bk IR 77, R R AR I A SRR I 2 B T v
W3 ABCRG ) WA RO R, RIS R R
BERR AR N, HAs A AE 300 LA BB AT g B kf e
PR S BOBE B A5 10 SRk, RAL,  BE R AR Sh W R K
BT LA/ AR AR i 0 ke 5 A 3% T R R 25
FORE R o 55— 7T, R TR R 2 O AL L TR
ELWIE A e R A50™ A 9 55 R BEAIG, A R T OREENITE
iR

Aksak 25" 13 b B RH BIB9SO ZI IS SU-8 3K
1587 HA MBS AR( ~ 10) HEARBES (WKl 6b)
Jin 2510 L3l 143 Ak PDMS 5 Jiti i 1 554 f1 3548 T
HA AR EA (60 ~90°) B PDMS BEA, I H il 4 i
T EERSERE ) PU FEFY . Reddy 251 LU IR 042 300 1
R BOILIRAN JFURL, 38 AT AR E B AR B T 2 IR
UKL, HEESIA R Z VR E & T T, = 51 CIifET
o= 120 ~ 140 CHF, BEF AT LLAESY V) J1 A9 4 T 3k
AT f B AR, IR IR AR T T, B DR A 1)
5K, FRRFHRE T, VA B0 SR DU & 2 ) 16 1 3R
FUIRAS, AR B8 PR RE RS T R (ARl 6c) .

6 (a)BEFEMIEE [ AOMURHANE L5 M A i e I T2
(b) fHURHY SU-8 HRIRKESI ) | (o) A} PUA HIR I
5, 70 CEHREHE T, LT emte]
Fig.6 (a) SEM image of the slanted seta on gecko’s toe pad' ®!
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Fig. 10 SEM images of crickets’ and tree frogs’ toe pads: (a) the toe pad of bush cricket ( Teitigonia Viridissima) in different scales®! | (b) ~ (d)

the toe pad of tree frog ( Litoria caerulea) in different scales, single polygonal structure is composed by dense array of nanopillars
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