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uVALVIT: A tool for droplet mobility control and valving
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Abstract. Active control of droplet mobility through low cost tools is highly desirable in applications entailing
microfluidics, Lab-on-Chip devices and pertinent technologies. Here, we present the design concepts of a versatile,
low cost tool for dynamic droplet mobility manipulation, employing a scheme with backpressure application. Initially
sticky open- or closed- channel fluidics with hydrophobic, porous walls are rendered slippery with the application of
backpressure through the porous walls. Deliberate control of backpressure directs the wetting phenomena to the
desired state. Operation parameters, and control system considerations are presented. Ultra-low backpressure values,
are needed for channels with small cross-sections, which in turn are compatible with ultra-low energy demands.

1 Introduction
Starting from the early 90s a series of outstanding
advances in microfluidics technology have been
performed [1, 2], enabling the research of fluid flows in
the micro- and nano- scale [3], and inseminating a wide
range of applications from chemical and biological
analysis [4-7], to micro and nano synthesis routes [8].
Pertaining market analysis have shown the overall
Compound Annual Growth Rate (CAGR), is expected to
grow up to ~25% from 2010 to 2016, while the unit cost
is decreasing to well below €5 (see ref. [9] and references
therein). The key for further development and
exploitation of these technologies includes larger-scale
integration and autonomy, while a particular associated
emerging market includes the use of coupled
components.
In most cases, crucial functions are realized
exogenously, for example the fluid flow is adjusted
exogenously from typical large-scale pumps, e.g. syringe
pumps in most cases. Implementation of such large scale
components diminish the portability of such devices and
hinders further utilization. As such, development and
integration of active or passive pumps and valves has
thus attracted a lot of attention lately [10-13] especially
for the case of droplet based microfluidics. Several
actuation and valving technologies have been proposed,
including electric, thermal, optic and acoustic. All of
these technologies induce heat into the droplets affecting
their temperature and therefore, are not suitable for
handling temperature sensitive bio particles such as cells
and bacteria [14]. On the other hand, magnetics-related
schemes necessitate the use of magnetic media, which
introduce complexity and increase costs.
Recently alternative pneumatic-assisted schemes have
been proposed for droplet actuation and mobility

manipulation. Mild gas pressure/flow is applied under a
porous medium [15-17], or hole [18] on top of which a
droplet is situated. The pressure balance at the
liquid/solid interface is changed, thus imposing
respective mobility variations, and found applications in
wetting control upon impingement [19] and in valving
inside open-channel fluidics [20]. The presence and
conservation of gas pockets resided in the solid-liquid
interface and the significance of pressure gradient below
and over the liquid phase has been highlighted, also in
other studies [21-23].
In this work we present the design of an integrated
tool, for controlling the mobility of plugs inside open- or
closed-channel fluidics. The heart of the tool is a low-cost
disposable fluidic with porous hydrophobic walls, that
may facilitate the application of backpressure. The
construction material is ceramic, exhibiting high
robustness, chemical inactivity, mechanical stability and
high temperature stability. With the application of
backpressure, gas pockets evolve at the solid-liquid (S-L)
interface, with tunable pressure and volume. With this the
S-L surface area is decreasing, the receding contact line is
partially detached, while additional, anisotropic Laplace
pressures appear, along with asymmetric bubbles. The
collapsing of the gas pockets introduce additional
forward wave, assisting the liquid movement. Through
deliberate backpressure control, the above mentioned
phenomena, are tuned towards the desired direction. The
design concepts and considerations are presented in this
work.

2 Experimental Section
The basic operational principle for a closed channel
fluidic is depicted in Fig.1(a). A honeycomb-like
structure is needed. The central channel will be used as
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1. Honeycomb structure
with hydrophobic porous walls

2. Water droplet is introduced into the
center channel. The droplet is sticky

(b)

4. Air pockets form at the water/wall
interface, minimizing the interface contact area.
The wall becomes slippery and the water flows through

3. Air pressure is applied
at the adjacent channels
Gas tight wall

Hydrophobic porous wall

Air pressure application

Water

Air pockets at the liquid/solid interface (out of scale)
Water flow

(c)

(a)

Figure 1. (a) Schematic of the operation principle for the integrated pneumatic-actuated component for the fluid flow control. (b)
Logic flowchart of the component (c) Envisaged schematic of the integrated device, uVALVIT.

application. All walls are hydrophobic and porous, with
the exception of the outer, which have been sealed tight.
Initially the fluidic walls are sticky, and therefore the
water plug inside the channel is pinned; the valve is in
“off” position. With the application of backpressure
application through the peripheral channels, gas pockets
evolve at the S-L interfaces, triggering the plug depinning
and thus setting the valve in “on” position.
The sticky to slippery transition is reversible, in that
when the backpressure is off, the plug sticks back again
to the channel, thus setting the valve in the “off” position.
The simplified logic flowchart is given in Fig.1(b),
and the envisaged final device in Fig.1(c).
(a)
2.1 Fluidic Fabrication
Different approaches may be followed in order to
fabricate the fluidic with the porous walls, such as
casting, extrusion, pressing followed by sintering, or 3D
printing. Up to now single-axis pressing and extrusion
have been used to deliver the adequate porous surfaces.
The respective SEM images are given in Fig. 2. Based on
the primary particles and the thermo-mechanical
pretreatment different porous characteristics may be
attained, tailored to the specifications for each
application.
(b)

Figure 2. SEM images of the porous surfaces. (a) Porous
surface prepared from shaping and sintering of primary
particles, exhibiting micro-sized protrusions. (b) Porous
surface from extrusion of a paste with suitable viscosity,
exhibiting holes (see Ref. [15]).

the fluidic, in which the liquid plug will flow. The
peripheral channels will facilitate the backpressure

2.2 Surface Functionalization
The as-formed ceramic structure is highly hydrophilic
and water absorbing. The surfaces are rendered
hydrophobic –not superhydrophobic– by means of dry
[24-26] or wet chemical processing [27]. Initially water
droplets are sticky; sliding angle measurements are given
hereafter. Reagents, measuring tools and preparation
particularities may be found elsewhere [15].
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Figure 3. Effect of the backpressure on the wetting state of
a porous surface with holes tilted at (a) 0o, and (b) 40o (see
Ref. [15]).
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Figure 5. Effect of the backpressure on the wetting state of
open-channel fluidics with porous surface exhibiting holes vs.
droplet volume and tilt angle: (a) 1.5x1.5 mm2, (b) 0.8x0.8
mm2.

3 Results and discussion
3.1. Open surfaces

3.2 Closed-channel fluidics

As a first step the mobility manipulation on open surfaces
has been demonstrated. In Fig. 3 we present the effect of
backpressure on the mobility state of porous surfaces
exhibiting micro-holes as in Fig. 2b. For example the
surface is inherently sticky for a 55 ul droplet (Fig. 3a).
However with an application of ultra-low
backpressure of 5 mbar the surface is rendered slippery.
Upon removal of backpressure the surface becomes
sticky back again. In any case backpressure values lower
than 45 mbar are needed for the sticky to slippery
transition. This is compatible with ultra-low energy
demands [15].

In Fig. 4 we present a snapshot of a closed-channel
fluidic amenable for plug mobility manipulation by
means of backpressure.
3.3 Open-channel fluidics
In Fig. 5 we present the operation conditions for openchannel fluidics with dimensions 1.5x1.5 mm2 (Fig. 5a)
and 0.8x0.8 mm2 (Fig. 5b). The effect of droplet volume
and tilt angle decreases as the channel dimensions are
lowered [20]. For the case depicted in Fig. 5 b, ultra-low
backpressure values up to 10 mbar are needed to induce
the “off” to “on” transition, regardless the tilt angle and
the droplet volume. Again this is compatible to ultra-low
energy demands.
3.4 Open-channel fluidics

Figure 4 Photograph of a closed-channel fluidic, amenable for
plug mobility manipulation by means of backpressure.

The development of the electronics is a 3-stage process:
1.
In the breadboard prototyping phase, the basic
connections between the components is established and
tested. This provides also a platform for testing the code
as well as for evaluating different design alternatives and
components in isolation.
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2.
The Proto-I stage involves the production of a
prototype board that can be used for integration testing,
debugging problems and refining the design, as well as
for running a first series of experiments. At this stage all
the components are present and the system is built to
enable the full range of the envisioned functionality.

Figure 6. Schematic of the uVALVIT prototype control
system.
3.
The Proto-II stage involves the production of a
small batch of boards incorporating all the needed
changes identified in the previous phases. These boards
will be small size and externally manufactured and will
be used both for further experimentation with the
platform as well as in dissemination activities.
The schematic that is the basis for the first two stages of
the development has been completed and is shown in Fig.
6.

4 Conclusions
We presented the design concepts and fabrication of a
versatile tool for dynamic droplet mobility manipulation.
The tool is designed for both open- and closed channel
fluidics. The heart of the tool is a ceramic, porous fluidic,
enabling the application of backpressure through the
fluidic walls. The inherently sticky walls are rendered
slippery when backpressure is applied at the rear side of
the channel walls. Depending on the porous
characteristics and channel dimensions ultra low
backpressure values are needed to induce the transition
from the sticky to a slippery state.
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