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Summary:

This work presents bio-inspired microfluidic channels that form liquid diodes and are then equipped with
a needle-like electrode to create "liquid triodes," analogous to electronic triodes. The devices transport
liquid uni- or (bi)directionally over centimeters at velocities in the range of mm/s in response to high-
voltage signals. Fabrication involves laser ablation. The topography of the microfluidic channels was
analyzed by optical coherence tomography (OCT). The components have potential applications in bio-
medical microfluidics, labs-on-a-chip, lubrication, filtration, and electronics cooling.
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Background, Motivation and Objective

Devices for directional liquid transport are known
as liquid diodes [1], fluid diodes [2], or (micro)flu-
idic diodes [3-5]. Some are based on bio-in-
spired designs from animals [4,6,7]. They have
gained attention because they are capable of
unidirectional liquid transport without requiring
external energy input. Lizard- [3,7] and flea-in-
spired devices [4,8] use asymmetric capillary
channels for directional transport. Fabrication
techniques include laser ablation [3,4,7], and
three-dimensional (3D) printing [8]. Material
combinations vary, such as oil on elastomer [6]
and soapy water on poly(methylmethacrylate)
(PMMA) [4,7]. Inspired by the structures on the
integument of Texas horned lizards [3,7] we ap-
ply electrowetting to create liquid triodes capable
of changing their wetting state. We envision ap-
plications such as the transport of cooling lubri-
cants, water-oil separation, and drug coating.

Description of the New Method or System

We succeeded in the fabrication of liquid triodes
based on microfluidic channels bioinspired by
Texas horned lizards [3,7] (Fig. 1), revealing
three wetting states: non-wetting, unidirectional,
and (bi)directional liquid transport. To this end,
we applied electrowetting [9] to reduce the pris-
tine contact angle to force the liquid into open

capillary channels even in the backward direc-
tion. A CO:2 laser (Speedy 300 TM laser cut-
ter/engraver from Trotec Produktions- und Ver-
triebs GmbH, Machtrenk, Austria) was applied to
engrave the bio-inspired capillary channels in 3
mm thick PMMA plates. Several of the unit cells
shown in Figure 1 were placed consecutively.
Capillary channels were fabricated using a Tro-
tec lens with a focal length of 1.5 inches and five
cycles with an average power of 95 W, a velocity
of 106.5 cm/s, a pulse repetition rate of 42 kHz,
and a pulse energy of 2.3 mJ. Nitrogen was used
for flushing to prevent burning. OCT with a cen-
ter wavelength of 1.3 um served for topography
assessment (MEMS-VCSEL Swept Source La-
ser and a Vega Serie SS-OCT system from

Thorlabs, Bergkirchen, Germany).
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Fig. 1. Bio-inspired capillary channel design. All di-
mensions are given in mm.
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The open-source software Fiji (version 1.53q;
Imaged2 distribution developed by Wayne Ras-
band and coworkers, National Institutes of
Health, Bethesda, MD, USA) was used for OCT
data processing, including image filtering and
computing the topography with the Topod-plugin
(quadratic window of 20). For device testing, 0.2
% wiw of the red dye “Ponceau S” (article num-
ber: 5938.1, CAS number: 6226-79-5; Carl Roth
GmbH + Co. KG, D-76185 Karlsruhe, Germany)
was added to distilled water.

Results
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Fig. 2. Topography section of the bioinspired capil-
lary channel. The axis of the capillary channel is high-
lighted with a dashed red line.

The topography data of the structure reveals
maximal capillary channel depths of approx.
2.2 mm (Fig. 2). We dispensed 100 pl of test lig-
uid onto the sample and put the needle-like elec-
trode into it (Fig. 3). Increasing and decreasing
the applied voltage in a ramp (from 0 kV to 8 kV
in 200 s, plateau of 8 kV for 10 s, from 8 kV to 0
kV in 20 s), the wetting states were switched
from non-wetting over unidirectional wetting to
bidirectional wetting. The unidirectional wetting
started at a threshold voltage of ~1.58 kV.
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Fig. 3. Increasing the applied voltage, the wetting
states were switched from non-wetting over unidirec-
tional wetting to (bi)directional wetting. The capillary
channel is 12 cm long.
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