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Introduction
Water droplets can be transported with asymmetric lateral vibrations[1] or
with orthogonal vibrations using surface wettability asymmetry[2][3]. Our
anisotropic ratchet conveyor (ARC) system transports droplets with micro-
sized hydrophilic surface patterns on a hydrophobic background with a
wide orthogonal vibration frequency bandwidth (20 ~ 500 Hz). An active
self-cleaning surface is developed using an ARC system to remove surface
contaminants with a single water droplet.

Figure 2: Directional Water Droplet Transport. (A) Test bench setup. (B) Relative
position changes of the water droplet’s leading and trailing edge. (C) Minimum
vibration acceleration required to move the droplet on flat and inclined surfaces.

Water Droplet Transport
 Water droplet moves along the ARC track during each orthogonal

vibration cycle and can climb up to 15o inclined surfaces
 Water droplet motion is captured by the high speed camera

ARC Surface Design
 Periodic TMS (trimethylsilanol, water contact angle 53°) semicircular

rungs are patterned on FOTS surfaces (perfluoro-octyltrichlorosilane,
water contact angle 108°)

 Water droplet movement is driven by wetting anisotropic force at the
hydrophilic-hydrophobic boundary of the leading and trailing edges

Figure 1: ARC Design and Function. (A) Ratchet rung structure after lithographic
patterning. (B) Schematic drawing of water droplet sitting on the TMS-FOTS
surface.

Figure 3: Water Droplet Directional Transport under Different Frequencies.
(A) 7mL water droplet transport under different resonance modes. (B) The contact
angle hysteresis of the leading and trailing edge.

Application: Self-cleaning Surface
 Self-cleaning surface is being developed based on ARC surface
 Water droplet is driven in a zig-zag pattern to dislodge the surface

contaminants

Figure 4: Self-cleaning Surface Design and Test. (A) Surface cleaning performance
for sweetener (dextrose, maltodextrin, and sucralose) contamination on ARC
surface. (B) 2 mg sand particles transported in 10 mL water droplet.

References
[1] L. Dong, A. Chaudhury, and M. K. Chaudhury, “Lateral vibration of a water drop and its motion on a
vibrating surface,” Eur. Phys. J. E, vol. 21, no. 3, pp. 231–242, 2006.
[2] T. A. Duncombe, E. Y. Erdem, A. Shastry, R. Baskaran, and K. F. Böhringer, “Controlling Liquid Drops with
Texture Ratchets,” Adv. Mater., vol. 24, no. 12, pp. 1545–1550, 2012.
[3] T. A. Duncombe, J. F. Parsons, and K. F. Böhringer, “Directed drop transport rectified from orthogonal
vibrations via a flat wetting barrier ratchet.,” Langmuir, vol. 28, no. 38, pp. 13765– 70, 2012.
[4] J. S. Sharp, D. J. Farmer, and J. Kelly, “Contact angle dependence of the resonant frequency of sessile
water droplets.,” Langmuir, vol. 27, no. 15, pp. 9367–9371, 2011.

Acknowledgement
Fabrication was performed at the Washington Nanofabrication Facility (WNF), a member site
of the NSF National Nanotechnology Coordinated Infrastructure (NNCI), with support from
NSF award ECCS-1308025.

Water Droplet Vibration Resonance Modes
 Water droplet resonance frequencies depend on contact angle[4]:
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where: 𝜃 – water droplet contact angle
m – water droplet mass
g – surface tension
j – mode number

 Tested frequency bandwidth: 20 ~ 500 Hz
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Table I: Materials tested on the self-cleaning surface 
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