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The Effect of Micro Nano Multi-Scale Structures on the Surface Wettability
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Abstract

Surface wettability in terms of the size of the micro nano structures has been ex

<743), Micro Nano Structure("}0] A2 1

amined. To evaluate the

influence of the nano structures on the contact angles, we fabricated two different kinds of structures: square-

pillar-type microstructure with nano-protrusions and without nano-protrusions.

Microstructure and

nanostructure arrays were fabricated by deep reactive ion etching (DRIE) and reactive ion etching (RIE)

processes, respectively. And plasma polymerized fluorocarbon (PPFC) was finally deposited onto the

fabricated structures. Average value of the measured contact angles from microstructures with nano-

protrusions was 6.37° higher than that from microstructures without nano-protrusio
that the nano-protrusions give a crucial effect to increase the contact angle.
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Table 1 Theoretical contact angles according to the
structure sizes on square pillar array.

Liguid )/ Ajc

Structure size Roughness factonr) & Theoritical CAs.
(a) (b) (C) Micro Nano Solid fraction(f) [deg.]
- . . . PPFC coated
Fig. 1 Three different wetting modes of multi-scale sy | by | va | wgm | vem [ 0 | 27| g | £ = e‘:‘ =
structures: Wenzel- Wenzel mode; (b) Cassie-
. . 10 5 0.5 4.977 | 0.866 | 0.100 - 109.47 | 157.35
Cassie mode; (c) Wenzel-Cassie mode
10 10 1 3.237 | 0487 | 0.056 | 138.37 | 128.68 | 163.06
10 0 2 1.994 | 0.216 | 0.025 | 117.42 | 146.44 | 168.73
Nano structures
Micro structures 10 40 4 0,95 108 25 1.358 | 0.078 | 0.009 [ 108.27 | 160.08 | 173.24
10 &0 [ 1.182 | 0.03% | 0.004 | 105.84 | 165.78 | 175.17
10 &0 & 1.111 | 0.024 | 0.002 | 104.86 | 168.95 | 176.24
10 100 10 1074 | 0.016 | 0.001 | 104.36 | 170.96 | 176.93
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Fig. 3 Fabrication process of multi-scale structures: (a)
1** photolithography; (b) RIE (for nanostructure);
(¢) 2™ photolithography; (d) DRIE (for
microstructure); (¢) PR removal; (f) PPFC coating
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Fig. 4 SEM images of the fabricated micro nano multi-
scale structure
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Table 2 Theoretical and experimental contact angles
according to the structure sizes on multi-scale
square pillar array

Structure size Theoretical CAs. Experimental CAs.
Micro Nano [deg.] [deg.]
Micro Multi-scale
a(um) | bimy [ Wa | a'(m) | b'(m) [ n e | = &
Structore Structure
10 5 05 - 109.47 | 157.35 147.81 155.56
10 10 1 138.37 | 128.68 | 163.06 147.16 156,13
10 0 2 117.42 | 146.44 | 168.73 150.75 157.84
10 40 4 0.08 1.08 25 108.27 | 160.05 | 173.24 15512 159.47
10 &0 6 105.84 | 165.78 | 175.17 160.88 169.17
10 80 8 104.86 | 168.95 | 176.24 160.42 165,13
10 100 10 104.36 | 170.96 | 176.93 162.62 169,08
I ! |
(a) (b) (c)

Fig. 5 Images of water drops with the highest contact
angle for each structure: (a) PPFC coated smooth

surface, CA=103.35°; (b) micro-structure,

CA=160.88° (c) multi-scale square pillar,

CA=169.17°
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Fig. 6 Theoretical and experimental contact angles as a
function of b/a. Solid symbols are experimental
values and open symbols are theoretical ones.
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