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Abstract

In this work a new microfluidic plat-
form is designed and validated to remove
analyte  contamination problem in
EGOFETs biosensors.

Introduction

In recent years, Electrolyte-Gated
Organic Field-Effect Transistors
(EGOFETs) were proved to be good candi-
dates for the next generation of biosensors,
given their ability to detect biomarkers at
very low concentrations through a specific
functionalization of the gate electrode,
opening the possibility to treat patients at
the early stage of the disease.! However, the
use of EGOFETs as commercial biosensors
is so far mainly limited by the poor reliabil-
ity of the organic material, which is caused
by different factors that are subject of
numerous studies.2 Among them, the
unwanted doping of the polymer upon the
exposure to different analytes is one of the
most important operational limits. This
problem arises because the organic material
and the gate electrode must be immersed in
the same buffer, thus when exposing the
gate electrode to the analyte, the polymer
may be contaminated, too. This issue is usu-
ally overcome with a removable functional-
ized gate that is taken away from the device,
incubated in the buffer containing the ana-
lyte, rinsed and placed back in the device
for the measurement.3 Despite this tech-
nique avoids any contamination of the poly-
meric material, it is evident that a transla-
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tion of this configuration from a research
level to a real diagnostic device is not pos-
sible. Aiming to solve this issue, in this
work the concept of a contamination-free
microfluidic device integrating an EGOFET
biosensor is presented. A finite element sim-
ulation through COMSOL Multiphysics®
software was performed to evaluate the dif-
fusivity of a biomolecule such as BSA
(Bovine Serum Albumin), in order to vali-
date the design.

Materials and Methods

The main concept of this design is to
separate the organic material and the gate
electrode in two different chambers con-
nected through a small bridge. The
microfluidic platform consists in two inlets
(one for each chamber) and one outlet,
which is placed in correspondence of the
gate chamber (Figure 1).

The blank buffer (i.e. without the ana-
lyte, thus not doping the organic material) is
firstly loaded with a syringe from Inlet 1
until it fills completely the whole device.
Then, a second syringe containing the
buffer with the analyte is plugged in and
starts filling the chamber from Inlet 2. Since
Inlet 1 is still plugged with the syringe con-
taining the blank buffer, this results in a
high fluidic resistance: the buffer with the
analyte will then flow straight to the outlet
through the gate chamber, so that the organ-
ic material is always exposed to the same
blank buffer. In the same way, it is possible
to perform a rinse of the gate electrode by
simply loading additional blank buffer from
Inlet 1, which will pass through the gate
chamber to the outlet.

To validate this design, a finite element
simulation was performed exploiting COM-
SOL Multiphysics® software. The goal of
the simulation was to prove if a target
biomolecule (in this case BSA) would dif-
fuse to the organic material during opera-
tion because of a concentration gradient. A
2D model of the chamber was used to lower
the computational efforts and a laminar
flow was imposed. A flow from Inlet 2 was
imposed for 5 minutes, after which it was
stopped to allow the incubation of the ana-
lyte on the gate. The values used in the sim-
ulation were: 3.3x10-3 m/s for the fluid flow
(corresponding to 200 pL/min in the 3D
structure), 15 minutes for the incubation
time, 1 nM for the analyte concentration
and 1.5x10-12 m?/s for the isotropic diffusiv-
ity constant of BSA.4
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Results

The simulations results are reported in
Figure 2. It is possible to notice that at the
beginning (Figure 2a) there is not BSA at all
in the chamber. After 5 minutes of flow, the
BSA at the targeted concentration (1 nM) is
present only inside the gate electrode cham-
ber, as expected (Figure 2b). Finally, after
an incubation time of 15 minutes, it is clear
that BSA did not diffuse into the other
chamber, which validates the microfluidic
design (Figure 2c).

Discussion and Conclusions

The developed microfluidic platform
was proven to meet the requirement of the
lack of contamination of the organic materi-
al. The great results must be also attributed
to the low value of the diffusivity constant
of BSA, which makes diffusion extremely
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Figure 1. 3D model of the microfluidic platform.

slow. Further simulations may concern
other relevant biomolecules to assess their
diffusion, keeping in mind that the
microfluidic platform may be tuned to dif-
ferent diffusivity constants by modulating
the bridge length to ensure a more efficient
separation between the two chambers.
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