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Abstract:

In the past 10 years we developed a top down process on 4” wafer scale for the fabrication of silicon
nanowire field-effect transistor arrays (SiNW FET). The devices are realized by etching techniques
from silicon-on-insulator wafers. The SINW FET structures and the contact lines are realized in one
step using nanoimprint lithography and wet anisotropic etching of silicon. We optimized our process in
several fabrication rounds in terms of process yield and reproducibility of the sensor structures. This
enables differential readout between electrically identical devices. We typically utilize a combined
potentiometric and impedimetric readout of the devices. In several test assays it became obvious that
for reliable recordings in physiological buffer solutions also the detection and the control of side
parameters such as pH, temperature and ionic strength of the test solution are necessary. Our
platform is now ready to enter into real patient sample tests.
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Introduction A °
Silicon field-effect transistors with dimensions
from micro- to nanoscale are widely used as 0.5

transducers in the field of biosensors. Since the
first introduction of ion-sensitive field-effect
transistors (ISFETs) [1], they have been applied
to many different applications. Very often the
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In the last decade various kinds of nanowire ] ] ] ]
sensors were introduced — most of the time F/g. 1. Typical result for a DNA.exper./ment using
silicon nanowires. In many of the articles in this SiNW FET sensors. In a) a potentiometric readout is

field, conductance changes of the wires upon
biomolecule binding are displayed in a time-
dependent readout mode. In some publications
remarkable sensitivities were reported.
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shown. The binding of DNA leads to a shift of the
transfer characteristics of the SiNW FET (figure
taken from [8]). In b) a typical experiment for
impedance readout with SiINW FET devices upon
DNA detection is shown.
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However, this standard readout principle is also
highly prone to side effects originating from
temperature, pH and ionic strength changes in
the test liquid. It has also been discussed that
some of the time-scales for the reported
biomolecule detection assays in the given
concentration regimes of analytes are at least
questionable [2]. Indeed the transfer of this
remarkable sensor concept towards real
applications is yet to come — a timespan of
more than 15 years hast past from the first
publication [3].

Results and Discussion

In our project we aim to combine various sensor
inputs to calibrate and compensate for the main
important side effects and to work out the real
concentration of analyte biomolecules. As a first
step we combine potentiometric and
impedimetric readout [4] for our SINW FET
platform (Fig. 1) [5-8]. The AC response of a
field-effect transistor sensor is complicated to
interpret, since not only the input impedance of
the nanowire surface but also the parasitic
contributions of reference electrode, electrolyte
solution, contact line capacitance on chip,
amplifier bandwidth and gain are playing a
major role. A first approach to also model the
contributions of these side effects we described
in an earlier work. [9]

In a very recent work we increased the
reliability and yield of our fabrication process
and realized 32-channel SiINW FET devices
(Fig. 2). [10]
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Fig. 2. 32-channel SINW FET platform: The top-
down fabricated SiINW FETs are all individually
addressable. We used 8 groups of 4 channels
separated by 250 um distance to enable
microspotting of capture biomolecules.

At the moment we are aiming to combine the
potentiometric and impedimetric readout
principles in assays in a simultaneous readout
mode. The rational is that the main interfering
parameters to disturb the experiments for
biomolecule detection are pH and temperature
changes in the potentiometric mode while the
ionic strength of the solution plays the major
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role in the impedimetric mode. Combining both
readout methods in a multi-parametric readout
approach might enable us to cancel out the
influence of side effects and improve the
reliability and robustness of the bioassays. In
addition we aim for the integration of control
sensors to our platform for temperature, pH and
ionic strength to read out these effects and to
stabilize the assay conditions. The necessary
sensor structures are already realized and we
currently work on the integration of the readout
system.

The early works in the field of silicon nanowires
also utilized a ‘potentiometric’ readout using
certain AC sensing principle at a fixed
frequency [2]. It has been recently shown that in
particular the impedimetric approach at
elevated frequencies offers a sensing region,
which is further extended into the electrolyte
solution as compared to the potentiometric
readout [11, 12]. The reason for this effect is
that in the impedimetric readout at higher
frequencies the sensors do not only detect the
charges of the molecules but the effect is based
on an alternative physical principle known as
dielectric  spectroscopy. This method s
detecting the change in dielectric constant close
to the liquid-solid interface when biomolecules
are binding and therefore it is not restricted by
the typical Debye screening of charged like the
potentiometric readout mode. First assays show
that with this technique the detection of
biomolecules in physiological solutions is
possible.

Conclusion and Outlook

For precise readout of the biomolecular binding
events with SINW FET sensors, the methods of
potentiometry and impedimetry can be
combined and read out simultaneously. The
latter one has been described to overcome the
typical Debye screening effect of charges in an
electrolyte solution by using an alternative
transducer effect named dielectric
spectroscopy. Both readout principles can be
combined and a multivariant data analysis
scheme can be applied to extract the
biomolecule concentrations of a test assay. A
complete sensor system should also detect and
control the main important side parameters
such as temperature, pH and ionic strength of
the test solution. Biomolecules of different size
such as DNA and proteins can be distinguished
and detected by this novel approach.
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