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We have created a high-density array of carbon nanotube field effect transistor
sensors (CNT-FET) and we have proved that they can be used for the sensing of neurotransmitters after
functionalization with specific enzyme. We have demonstrated the ﬁossibility of developing culture of
neurons on those sensors and we have successfully records under those conditions. More specifically, we
have created new type of CNT-FET sensors using electric field manipulation with yield of about 80% of
small bundle on 1024 devices. By using liquid gate configuration, we have proved the high-sensitivity of
our sensors. We have use non-covalent functionalization methods to bind glutamate oxidase to CNT-FET and
we have shown that such biosensors are sensitive to glutamate. This accomplishment represents the
fabrication of a new tool to investigate chemical release in culture medium which can be co-integrated
with electrical recording.

Nanobiotechnology
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The study of brain activity at the single
neuron scale is one of the challenges in
bio-nanotechnology. Large scientific
projects have been launched to understand
the neuron-neuron interactions, such as
action potential propagation or chemical
Interaction via neurotransmitters
exchanges.

The use of nano-electronic recording
system can provide direct information on
the electrical activities of neuronal
network at subcellular scale. Nano-wires or
carbon nanotube (CNT) can therefore be
used as high precision electrodes for extra
or intra-cellular signal recording. In this
project we will use carbon nanotube
sensors to detect chemical activity of
neuron and compare it to the electrical
activity in real time.
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In this project we want to combine
high-density micro electrode array technology
and high-resolution CNT biosensing. The
simultaneous real-time monitoring of both
electrical activity via CNT electrode array and
neurotransmitter release detection at
high-resolution via CNT sensors is an original
and promising way to advance our
understanding of the complex communication
scheme in neuronal tissues
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We want to investigate a direct measure of the
presynaptic glutamate release and to directly
observe glutamate release fatigue and/or
recovery and understand the glutamate vesicles
dynamics under different conditions. A new
CNT nano-sensors matrix will be developed
for this purpose. CNT have already been tested
successfully for several new and sensitive
sensing applications such as intercellular
action potential recording and neurotransmitter
sensing. With this project we aim to use
advanced integration techniques to achieved a
density of 10,000 independent CNT-FET
micro-devices/mm?
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We have created a dense array of 1024
carbon nanotube sensors and we have
proved that they can be used for sensing
application such as neurotransmitters
after functionalization with specific
enzyme. We have demonstrated the
possibility of developing culture of
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neurons on those sensors and we have
successfully  records under those
conditions. We have created a new
integration method for fabrication of
carbon nanotube sensors using electric
field manipulation with yield of about
80% of small bundle on 1024 devices.

Our CMOS system allows for
the sequential current readout of all
1024 CNT devices via 32 simultaneous
signal  amplification channels. To
characterize each device, the potential of
the drain electrode (Vd) was fixed and
the source potential (Vs) was swept
relatively from -0.2 V to 0.2 V. The
current between the source and drain
(Ids) has been measured for every pixel
via one of the readout channels. The
corresponding resistance has been
calculated by linear regression of the
Ids/Vds characteristic of our devices
between -20 mV and 20 mV. A
representation of the spatial distribution
of the devices resistance on a typical
CNT sensors array is shown Figure 1la.
Each pixel in this image corresponds to a
single CNT device with its resistance
represented by a color scale. The
different resistances values are usually
homogeneously dispersed on the array.
The histogram of the corresponding
resistances has been plotted in Figure 1b
to present the distribution ranging from
a few tens of kQ to a few MQ. To
understand the distribution better, a
subset of device resistances has been
compared to the number of CNTs
approximated by SEM for each device
(Figure 1c).
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We have design and fabricate a
second version of our system with about
11000 sensors. By using liquid gate
configuration, we have proved the
sensitivity of our sensors. A typical
behavior of a selected CNT device
recorded via the CMOS interface is
presented Figure 2. In this case, the
variation of Ids for Vlg ranging from -1V
to 0.7 V has been plotted at different Vds
ranging from 20 mV to 120 mV.




non-covalent
functionalization methods to bind
glutamate oxidase and we have shown
that such biosensors are sensitive to
glutamate. This experience leads to
promising but uncomplete results. The
sensitivity of our sensors and
repeatability is demonstrated on the
following picture using different pH

We have use

buffer as model. We can see the
repeatability and stability of our
nanosensors.

We demonstrate new fabrication
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methods which open new possibility for
the future of neurosciences. Despite a
lack of detection of small concentration of
glutamate in complex medium, we have
been able to prove that CNT sensors can
be integrated in a density bigger than
achieve before on substrate that can be
used in the culture medium of neural
cells. Moreover, we have demonstrated
that the integration of those sensors in a
full microfluidic system allows for the
measurement of successive and fast
change in the medium. This is necessary
for use in the detection of rapid release of
neurotransmitter. We have started the
development of a second generation of
CNT sensors integrated chip with more
than 9000 devices. We hope that this new
approach will allow for a more complete
mapping of chemical (higher spatial

resolution). Finally, the integration in
the same microchip of both electrode and
CNT sensors will lead to the full
achievement of our goal. This project
open the road of new ambition in the
field of nanotechnology apply to brain
study.
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