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ARTICLE INFO ABSTRACT

Article history:

A grooved surface with anisotropic wettability was fabricated on a silicon

Received 29 March 2013 substrate using photolithography, reactive ion etching, and a KOH etching
Revised 8 ~ May 2013 process. The contact angles (CAs) of water droplets were measured and
Accepted 14 May 2013 compared with the theoretical values in the Cassie state and Wenzel state.
Kevwords The experimental results showed that the contact area between a water
An)i?(})tropic wettability droplet and a solid surface was important to determine the wettability of the
Contact angle water. The specimens with native oxide layers presented CAs ranging from
Grooved surface 71.6° to 86.4°. The droplets on the specimens with a native oxide layer could
N d be in the Cassie state because they had relatively smooth surfaces. However,
ano-riage . . . .

& the CAs of the specimens with thick oxide layers ranged from 33.4° to 59.1°.
This indicated that the surface roughness for a specimen with a relatively
thick oxide layer was higher, and the water droplet was in the Wenzel state.
From the CA measurement results, it was observed that the wetting on the

grooved surface was anisotropic for all of the specimens.
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Fig. 1 Schematic diagram of water droplets on solid surface
with micro-nano structures: (a) droplet in Cassie state
and (b) droplet in Wenzel state
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Fig. 2 Schematic view of the fabricating processes for nano-
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Fig. 3 SEM images of the grooved surface with different groove
widths: (a) 10.5 pm, (b) 25.5 um, (c) 40.5 pm, (d) 55.5
um and (e) nano-ridge with width of 400 nm and height
of 2.5 y1m
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Fig. 4 Schematic view of the measurement method for contact
angles of water droplets
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Table 1 Theoretical and experimental CAs of specimens with
different thickness of oxide layer

specimens with native |specimens with 85nm thick
dth of oxide layer. oxide layer.
width o
groove Wenzel Experimental Wenzel Experimental
contact contact
[1m] contact angles contact angles
angles. [deg.] angles. [deg.]
[deg.] ' [deg.] '
10.
(ty(;)esl) 58.7 71.6 33.8 41.5
25.
(ty153e52) 64.8 76.9 472 48.8
40.5
(type3) 66.4 80.5 50.3 53.5
55.5
(typed) 67.1 86.4 51.6 59.1
specimens with 135 nm | specimens with 185 nm
dth of thick oxide layer. thick oxide layer.
width o
groove Wenzel Experimental Wenzel Experimental
contact contact
[1um] contact angles contact angles
angles. [deg.] angles. [deg.]
[deg.] ' [deg.] '
10.
(tygesl) 28.6 35.6 225 334
(;;52) 441 48.8 40.9 41.1
(;g';) 475 524 447 47.6
55.5
(typed) 49.0 54.7 46.4 50.3
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Fig. 5 AFM images of specimens with different oxide layer
thickness: (a) native oxide layer, (b) 85 nm thick oxide
layer, (c¢) 135 nm thick oxide layer, (d) 185 nm thick
oxide layer
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Fig. 7 Microscopy images of droplet on typel specimens with
different oxide layer thickness: (a) native oxide layer, (b)
85 nm thick oxide layer, (¢) 135 nm thick oxide layer,
(d) 185 nm thick oxide layer

(d) Droplet on the specimen with 185nm thick oxide layer

Fig. 8 Sequence of high-speed camera images of the water
droplets motion on the different oxide layer thickness:
(a) native oxide layer, (b) 85 nm thick oxide layer, (c)
135 nm thick oxide layer, (d) 185 nm thick oxide layer
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