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I. I NTRODUCTION
Molecular communication (MC) is a novel paradigm in
communication engineering, aiming to operate in environments, were classical electromagnetic-wave-based methods
reach their limits [1]. Some examples of such environments
are tunnels and pipes on the macro-scale or the human/animal
body on the micro- and nano-scale. Within the last decade
numerous theoretical papers on the subject have been published. For example, [2] theoretically investigates MC in
microfluidic channels. In order to verify and refine those
results, different experimental platforms have been proposed.
These setups differ in their size, propagation environment,
signaling molecules and detection principle. Several works
have considered microfluidic chips as experimental platform,
for example [3] employs microbeads as signaling molecules
together with an optical receiver and [4] uses single-stranded
DNA molecules and a graphene-based field effect transistor for
the detection. Recently, a few works have considered salinitybased information transmission [5] [6] on a larger scale using
conventional tubes. In this work, we combine both approaches
and propose a salinity-based molecular communication on a
microfluidic chip. Unlike [5] and [6], we use a cheap and
flexible in-house developed sensor as detector rather than a
commercial available conductivity sensor. This provides full
control over the detection process and simplifies possible
adjustments. Moreover, all aformentioned works only consider
binary information encoding, while the proposed testbed is
suitable for non-binary information encoding and, thus, enables high transmission rates. The used microfluidic chip is
fabricated using a simple and fast prototyping method and,
thus, arbitrary channel structures can be implemented. This
paves the way for the study of the very little investigated topic
on MC in branched channels.
II. W ORKING PRINCIPLES OF THE EXPERIMENTAL SETUP
In this section, we first introduce the theoretical principles
of measuring the salinity (salt-concentration) of water and then
discuss the realization of the components of the experimental
setup (i.e., transmitter, channel, and receiver).
A. Salinity of Water
According to [7], the salinity S of water can be approximately obtained through its conductivity σ
σ ≈ aS + b,

(1)

where a and b denote parameters, which depend on the temperature and pressure of the fluid. For the following derivations,
we assume, they are constant.
For a microfluidic channel with two plain electrodes, with
area A, that are inserted at a distance L, we can calculate the
conductance of the electrical path between these electrodes as
follows

Aσ
.
(2)
L
Thus, we can infer the salinity in the channel at the location
of the electrodes by measuring the conductance between them.
G=

B. Transmitter
To describe the information encoding principle at the transmitter employing the salinity of water, we apply the well
known analogy between electrical and hydraulic circuits. We
assume, that the influence of the salt concentration of water
on its hydraulic properties is negligible (see [8], [9]), i.e., the
hydraulic resistances do not depend on the salt concentration.
The microfluidic chip and the corresponding schematic are
shown on the left and right hand side of Fig. 1, respectively.
Using this analogy we can calculate the volume flows Q1
and Q2 , which depend on the pressures applied at the inlets. If
we assume that Q1 carries water without salt (S1 = 0) and Q2
water with non-zero salinity (S2 > 0), we can use the principle
of mass-conservation to calculate the concentration Sel carried
by the volume flow Q3 = Q1 + Q2 to the electrodes in the
chip
S2 Q2
.
(3)
Sel =
Q1 + Q2
Note that (1) only holds for perfect mixing of water and
saltwater. Thus a mixing-structure taken from [10] is added
to the chip (see Fig. 1)
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Fig. 1. Hydraulic analogy for the microfluidic chip used in this work. The
resistances R1 consist of the resistances of pumps and tubes (not shown in
this figure) and the short parts of the Y-junction. The resistor R2 is formed
by the resistance of the output channels of the Y-junction with the mixing
structure. The pressure differences are related to atmospheric pressure. The
red dashed frame indicates the electric analogy of the shown microfluidic chip

Thus, by adjusting Q1 and Q2 through changing the applied
input pressure differences, different symbols can be encoded
in the salinity Sel .
C. Microfluidic Channel
In the this subsection, we calculate the time until a set salt
concentration adjusted by Q1 and Q2 reaches the receiver. We
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assume that the volume flow Q3 through the output channel
of the Y-junction is held constant, i.e., the flow velocity v is
constant. The assumption of constant velocity requires that
the sum of the input pressures is constant. Moreover we
assume, that the influence of diffusion is negligible (Peclet
number Pe > 104 ). Based on these assumptions we can derive
the time t needed for the salt-concentration to flow from the
Y-junction to the electrode as follows
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where d denotes the distance between the Y-junction and
the electrodes and w and h denote width and height of the
microfluidic channel, respectively.

0.1

D. Receiver
At the receiver, the transmitted salt concentration is measured through the conductance between the electrodes. The
block diagram of the used electrical circuit is shown in Fig. 2.
The principle is as follows: The sinusoidal signal of the
oscillator (at a sufficiently heigh frequency [11]) is fed into the
amplifier circuit formed by the operational amplifier, the resistance R, and the device-under-test (DUT), i.e., conductance
between the electrodes. Due to the fact that the information
about the conductance is now encoded in the amplitude of
the amplified sine-wave we can infer it by rectifying this
signal. Finally, we converted the rectified signal to the digital
domain using an analog-digital-converter (ADC), which makes
it available for further processing on the RaspberryPi (RPI).
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Fig. 3. Output of the conductance measurement circuit

IV. C ONCLUSION AND O UTLOOK
In this paper, we reported on our current status in developing
a microfluidic salinity-based communication testbed. Through
initial experimental results we already demonstrated, that
different concentration levels can be very well distinguished at
the receiver. In a next step, we will include microfluidic pumps
to automatically control the pressures, which will enable actual
data transmission. Furthermore we will verify our theoretical
results (e.g. (3)) and characterize the system (e.g., data rate
limit, end-to-end communication model).
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Fig. 2. Schematic diagram of the conductivity measurement circuit.

III. E XPERIMENTAL RESULTS
For the first experiments, we used the microfluidic chip
shown in Fig. 1. The chip was fabricated using an in-house
all Polydimetylsiloxan (PDMS)-based approach, which allows
simple, fast, and cheap prototyping. All channels of the chip
have a width of 750 µm and a hight of 1000 µm. The first
experimental results were obtained injecting different saltwater
concentrations into one branch of the Y-junction and no
fluid in the other. We used the following saltwater concentrations: 0 g/L, 2.5 g/L, 5 g/L, 7.5 g/L and 10 g/L. Fig. 3
shows the output of the detection circuit when the saltwater
concentrations given before are incremented and decremented.
In particular, different syringes with different concentrations
are used, which are changed manually. We observe, that the
levels are well distinguishable and reproducable
Please note that the aprupt drop in output level results from
air bubbles stemming from changing the syringe for different
concentrations. However, in the future the syringes will be
replaced by electronically controlled mirofluidic pumps, which
will eliminate this problem. These initial results clearly indicated that the proposed experimental setup is very well suited
for multi-level modulation schemes which will enable high
transmission rates.
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