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METHOD FOR THE CONTROL OF THE RESPONSE TIME OF
A SENSOR FOR CHEMICAL SUBSTANCES.

The present invention concerns a method for the control of the
response time of a sensor for chemical substances.

More in detail the invention pertains to a method of control of a
sensor that foresees active substances that through the contact with
determined gas change their own electric characteristics, for instance the
impedance. Said method, being able to drastically reduce the times of
detection/recovery, maintaining the characteristics of the sensor of an
elevated sensibility, a low dependence of the sensibility in comparison to
the temperature, and having been further studied and realized particularly
for the detection of nitrogen dioxide NO, or ammonia NHj3), but that it can
be used for any other gas.

In the following the description will be addressed to the
detection of ammonia or nitrogen dioxide, but it is well evident that the
description itself does not have to be considered as limited to this specific
use.

As it is well known, the sensors of gaseous substances
generally use some materials sensitive to the gases to be detected.
Detection can occur through different chemical-physical phenomena’s.
Among these, the variation of impedance of the material is currently object
of particular attention. In fact, it has been noted that semiconductor
materials or nanotubes layers show this interesting phenomenon.

As far as nanotubes, and patrticularly the carbon nanotubes, are
concerned, since their discovery, have aroused a lot of interest in the
scientific  community, due to their electronic and mechanical
characteristics.

Currently the carbon nanotubes are object of studies especially
in the area of electronics, biosensors, medicine and realization of chemical
sensors. With reference to this last application, it has been noted that they
provides a series of advantages in comparison to other materials, among
which:

¢ high sensitivity;

e low dependence of the sensitivity with respect to the
temperature;

e linearity of the response also for low concentrations.
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The nanotubes consist in folded graphite sheets. They have a
diameter of the order of few nanometres (nm) and a length also superior to
100um. Substantially they form very thin interconnection wires.

The realization of said nanotubes occurs by the wrapping of
monoatomic layers of graphite sheets along one set direction. Said
direction determines both the diameter and the chirality. These variables
determine the nature of semiconductor or conductor of the layer.

As already said, currently, it is very promising the use of
nanotubes in sensors for gas detection.

It is known, in fact, that the doping of the carbon nanotubes
brings to sensitive variations of the conductance, also for concentrations of
gas of some hundred parts per million (ppm) of the same gas.

Another design variable related to the nanotubes is the fact that
they can be deposited in a random or ordered way. Sensitivity generally
results best in the case in which nanotubes are used deposited in ordered
way, because they introduce a greater effective surface.

As already said, sensors with nanotubes are very sensitive.
One common technical problem for many gas sensor devices based on
the variation of impedance, concerns to the slow recovery times of the
same sensor. In other words, following an experimental measure, the
molecules of the gas the presence of which is to be detected, remains
adherent for a lot of time to the walls of the carbon nanotubes, or of the
active material of the sensor in general. It must be taken into consideration
that the recovery time generally results to be, during the experiment, of the
order of many tenths of minutes.

A technique currently used for reducing the desorption times of
the molecules from the sensor is to radiate said carbon nanotubes layers
by light. Particularly, ultraviolet light is used.

This system, despite is very efficient, is poorly applicable for the
realization of sensors suitable for the marketing, because it is very
expensive and complex at the same time. Finally, engineering could not
be able to allow the same performances in the desorption times.

Some techniques currently exist providing the application of a
constant electric field on the surface of the active material, so as to
facilitate the desorption of the detected molecules. This system revealed
to be rather efficient. However, the problem of the reduction of the
absorption time has not been resolved as yet, this problem being the most
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important from the application view. It is, in fact, obvious that as primary
function the sensor has to be able to perceive a danger in the shortest
possible time, before being able to make another measure.

It appears, therefore, evident that the technical problem of the
absorption/desorption times is very important for sensors, mainly to
increase the probabilities of a commercial success.

Therefore, the object of the present invention is to propose a
sensor whose response times, both for the absorption and for the
desorption of the molecules to be detected, can be easily controlled,
allowing remarkable reductions of the same times.

Another object of the invention is that of obtaining such control
through an electronic device or in general through the use of an electric
signal.

Further object of the present invention is that of allowing to
detect the composition of the mixture of air to which the sensor is
subjected.

It is therefore specific object of the present invention a method
for the control of the response time of a sensor for chemical substances,
said sensor being comprised of a first and a second pins, at least a layer
of active material deposited between said first and said second pins, said
active material varying its own impedance following the contact with said
chemical substances and as a function of their concentration, and a further
control pin; said method being characterized in that it provides at least a
phase of detection of said chemical substances corresponding to an
absorption of said chemical substances by said material, and at least a
phase of recovery of said sensor, corresponding to a desorption of said
chemical substances by said material; and in that during said phases of
detection and recovery a signal is applied to said control pin, suited to
solicit the absorption or desorption of said material varying the duration of
the respective phases of detection and recovery.

Always according to the invention, said signal can provide a
component in (DC) direct current so as:

e to negatively polarize said control pin with respect to the
active material in the phase of absorption, in case the
molecule of the gas to be detected allows a joining with
said active material of the electron donor type, or
positively in case the molecule of the gas to be detected
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allows a joining with said active material of the electron
withdrawer type;

e to positively polarize said control pin with respect to the
active material in the phase of desorption, in case the
molecule of the gas to be detected allows a joining with
said active material of the electron donor type, or
negatively in case the molecule of the gas to be detected
allows a joining with active said material of the electron
withdrawer type.

Furthermore, according to the invention, said signal can
provide a frequency component, that can vary between 0 Hz and 100 KHz,
suited to solicit the molecules of said gaseous kinds and/or to be greater
than 100 KHz, so as to interact on the bond among said active material
and said gaseous kinds.

Preferably according to the invention, said signal can have a
sinusoidal waveform, a quadratic waveform or a pulsed waveform of
arbitrary form.

Always according to the invention, said active material can be
comprised of nanostructurated materials, preferably carbon nanotubes,
deposited between said first and said second pins.

Advantageously, according to the invention, said nanotubes can
be of the single wall type and deposited in an ordered way, preferably by
dielectrophoresys.

Further, according to the invention, said active material can be
comprised of metallic oxides deposited between said first and said second
pins, that can be tin oxide (SnO,) and/or tungsten oxide (WOs3).

Still according to the invention, said active material can be
comprised of organic semiconductor materials and organic-metallic
materials deposited between said first and said second pins.

Advantageously, according to the invention, said sensor can
include an insulating layer, above which said first and said second pins are
placed, and beneath which said control pin is placed.

Still according to the invention, said first and said second pins
can be interdigitated and said insulating layer can be comprised of silicon
dioxide (SiO,) or glass.

Advantageously according to the invention, said chemical
substances can include nitrogen dioxide NO, or ammonia NHs.
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It is further object of the present invention a method for the
detection of the composition of a mixture of gas, characterized in that it
comprises a sensor of chemical substances, said sensor being polarized
in such way that a current flows through the active material, said method
being further characterized in that it provides the following phases:

a. detecting the spectrum of the output signal of one of said
first or second pins with respect to said control pin;

b. extracting from said spectrum one or more measures;

c. comparing said one or more measures obtained with
reference measures in order to detect the presence of a
kind of gas.

Always according to the invention, said sensor provides said
first pin and it can be connected to a reference potential, said second pin
connected to a greater potential with respect to said reference potential by
a resistive dipole and said control pin to a signal generator.

Still according to the invention, said measures can include the
detection of the cut off frequency and/or the detection of the depths of the
resonance curves and/or the detection of the resonance frequencies.

The present invention will be now described, for illustrative but
not limitative purposes, according to its preferred embodiments, with
particular reference to the figures of the enclosed drawings, wherein:

figure 1 shows a top section view of the sensor for chemical
substances with ordered single wall carbon nanotubes;

figure 2 shows a side section view of the sensor according to
the figure 1;

figure 3 shows a graph of a lateral view of a model of interaction
of a nanotube with a gaseous molecule;

figure 4 shows an experimental model for the analysis of the
working parameters of the sensor according to the present invention;

figure 5 shows the graph of the sensitivity of the sensor
according to figure 1 as a function of the ammonia concentration for
different static voltage (DC) applied on the gate;

figure 6 shows the graph of the sensitivity of the sensor
according to figure 1 as a function of the static voltage (DC) applied on the
gate;

figure 7 shows the graph of the sensitivity of the sensor
according to figure 1 as a function of the elapsed time for different
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ammonia concentrations and different static voltage (DC) applied on the
gate;

figure 8 shows the graph of the sensitivity of the sensor
according to figure 1 and of the concentration of ammonia as a function of
the elapsed time, with respect to pulsed gate voltage during the desorption
phase;

figure 9 shows the graph of the sensitivity of the sensor
according to figure 1 and of the concentration of ammonia as a function of
the elapsed time, with respect to pulsed gate voltage during the absorption
and desorption phases;

figure 10a shows the graph of the sensitivity for a sensor
according to figure 1 as a function of the ammonia concentration, with
respect to two different temperatures;

figure 10b shows the graph of the sensitivity for a sensor
according to figure 1 as a function of the temperature;

figure 11a shows the graph of the sensitivity for a sensor with
ordered single wall carbon nanotubes and for a sensor with disordered
single wall carbon nanotubes as a function of the ammonia concentration;

figure 11b shows the graph of the sensitivity for a sensor with
ordered single wall carbon nanotubes and for a sensor with disordered
single wall carbon nanotubes;

figure 12 shows an electric scheme in which the sensor is
assembled according to figure 1; and

figure 13 shows the graph of the Bode diagram of the
amplitude-frequency characteristic of a sensor according to figure 1.

Making reference to figure 1, it is possible to observe the
sensor 1 in a top section view. Said sensor 1 includes three pins. A first
source pin 2, a second drain pin 3 and one control or gate pin 4.

The source 2 and drain 3 pins are interdigitated on the surface
5. On said pins are further deposited carbon nanotubes that, following the
interaction with a molecule of a gas to be detected, vary their impedance.
Therefore, the assembly comprised of the source 2 and drain 3 pins and
carbon nanotubes as active material, substantially forms a variable
resistor as a function of the concentration of gas to which said material is
submitted.

the gate pin 4 extends itself under the surface 5. By a suitable
signal, on the gate 4, it is possible to control, i.e. to reduce the absorption



10

15

20

25

30

35

7
and/or desorption time of said gas to be detected, allowing to obtain with
greater rapidity the necessary information relevant to the presence of the
gas, or to make more quickly reusable the sensor 1 for a new measure.

Observing figure 2, it is possible to analyse in greater detail the
structure of sensor 1, particularly with respect to the surface 5. In fact, it is
possible to observe the source 2 and drain 3 pins interdigitated and the
underlying gate 4, realized in silicon (Si).

Between the gate 4 and the surface 5 it is present an
insulating layer 6 that in this embodiment is comprised of silicon dioxide
SiO..

On the sources 2 and drain 3 pins, nanotubes of carbon 7 are
deposited. These are single-walled nanotubes. This allows a greater
sensitivity of the sensor 1. Nevertheless, this is not a limitative
characteristic of the invention, since it could be also possible using other
nanocomposite of carbon or other materials, as for instance multi walled
carbon nanotubes, that as known are comprised of concentric cylinders,
surfaces with nano-diamond or metallic oxides and/or organic
semiconductors.

In the present embodiment of sensor 1, carbon nanotubes 7 are
deposited in an ordered way. Also this characteristic is not limitative for the
present invention.

In this embodiment, the deposition method for the layer of
carbon nanotubes 7 to obtain its alignment makes use of the well known
technique of dielectrophoresys. Said technique consists in the fact that
when a generic dielectric particle is placed in an electric field it
experiences the action of a dielectrophoretic force.

In the present embodiment, single wall carbon nanotubes are
first synthesized by arc discharge technique, subsequently purified using
HNO;3; and finally dispersed in Chloroform and Dimethylformamide.

In figure 3 it is possible observing the interaction between a
carbon nanotube 7 and a molecule of a gas 8. Following the interaction
with a molecule of NO, or NHjs, for instance, it occurs a variation of the
impedance of the nanotube 7. The reason of such phenomenon is
generally attributed to a mechanism of charge transfer. In other words,
some gaseous kinds are able to alter the impedance of the carbon
nanotubes 7 following the exchange of charge carriers. In the case under



10

15

20

25

30

35

8

examination, molecules of NH; assume the form of electron donor, while
those of NO> of electron withdrawer.

By a suitable signal on the gate 4 it is possible to increase the
coupling, and therefore the absorption or the uncoupling, and therefore the
desorption, of the gaseous molecules. The characteristics of said signal to
get the aforesaid phenomenon are:

polarity: depending on the fact if the gas to be detected
is electron donor or electron withdrawer, with a suitable
choice of the polarity of the voltage on the gate 4, and
therefore of the direction of the electric field with respect
to the perpendicular to said surface 5, an electrostatic
repulsion or electrostatic attraction will occur that will
favour the coupling or uncoupling of the molecules to the
surface of the nanotubes 7;

amplitude of the signal: this is proportional to the
intensity of the electric field on the surface 5. Therefore,
the greater is the intensity of the voltage on the gate 4,
the greater is the energy of the electric field described in
the preceding point;

frequency: the second mechanism by which a coupling
or uncoupling of the molecule is that of subjecting carbon
nanotubes 7 to an electric field that has a frequency able
to condition the bond between the molecule of the gas
and the surface of the carbon nanotubes 7. Efficiency of
such interaction can depend on the frequency of the
applied electric field. Particularly, conditions of
resonance can be obtained depending on the specific
bond energy between gas and active substance.
However, also the application of a low frequency signal
stimulates in an effective way the molecules.

With such systems it is even possible to obtain a reduction of
two orders of magnitude of the absorption or desorption times for the gas.

For the detection of the performances of sensor 1 according to
the present invention, an experimental apparatus has been used as shown
in figure 4. In the case under examination, said apparatus is prepared for
the detection of the ammonia (NH3) molecules.
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In the apparatus it is possible to observe that a nitrogen (N>)
flux enters a device controlling the flux 9. Part of said nitrogen flux enters
the cell 10, said cell 10 providing an exit 10' of the gas, in which the sensor
1 is contained, and a part is sent within a bubbler 11, at the outlet being
obtained the ammonia vapour NH3 which is sent within the cell 10.

A multimeter 12 and a temperature controller and sensor 13 are
connected to said cell 10. Finally, a processing unit 14 controls both the
multimeter 12 and flux controller 9.

To evaluate the performances of sensor 1 according to the
present invention, in the following some experimental data are shown. In
order to make clearer the features of sensor 1, the electrostatic effects will
be analysed, these effects being obtained by the application of a constant
voltage of gate 4 in the absorption/desorption phases. Then, a frequency
signal will be added to the signal of the polarized gate 4.

The data are shown for the detection of ammonia (NHs), that, it
must be remembered, when bond with a nanotube operates like a donor
molecule. Particularly, the typical measured parameter is the relative
resistance, defined as:

0lc

being ¢ the concentration of the detected substance. The slope
of p expresses the sensitivity of the sensor in (AR/R)/ppm.

Electrostatic analysis

A sensor with ordered single wall carbon nanotubes carries out
experimental analyses.

Figures 5 and 6 show the behaviour of the sensitivity, i.e. of the
relative resistance p, obtained by varying the gate voltage 4 for five
different concentrations of NHs. It is demonstrated how the interaction
among carbon nanotubes can be controlled acting by an electrostatic way,
polarizing the gate 4. Varying said voltage among +20Volt and -20Volt, the
sensitivity changes of about 100%. It is further evident the linearity of the
characteristic.

In figure 7 it is observed how the gate voltage 4 applied to the
substrate also influences the time control of the sensor characteristic. In
fact, in the case in which a negative voltage is applied to the gate 4,
ammonia (electron donor) interacts more easily (and quickly). This is
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confirmed by the fact that, as it can be seen, the corresponding signal has
a greater average slope.

In general, it is possible using the following scheme for the
phenomena of electrostatic absorption/desorption:

e type of molecule: electron donor (e.g. NHs);

- polarization voltage of the gate for improvement of the
absorption time: negative;

- polarization voltage of the gate for improvement of the
desorption time: positive;

e electron withdrawer (e.g. NO>);

- polarization voltage of the gate for improvement of the
absorption time: positive;

- polarization voltage of the gate for improvement of the
desorption time: negative;

The use of a gate voltage 4 also solves a further problem.

Sensors 1 realized with single wall carbon nanotubes can
introduce a problem when they are subjected to a mixture of gas, either of
electron-donor type, either of electron-withdrawer type. In fact, relationship
of concentration between the two gases could be at a particular value, so
that it does not make varying the resistivity of the sensor. This is due to
the fact that the single gases have the tendency to vary the resitivity in an
opposite way, thus balancing their effect.

By the use of opposite gate voltages 4, it is possible to promote
the absorption of one or the other gaseous kind detecting both and
overcoming said problem.

Analysis in frequency

Always using the same kind of sensor above mentioned, gate
voltages 4 are applied with positive or negative medium value, so as to
obtain the above described electrostatic effects, but an oscillating signal is
added, in the present case a quadratic signal, with frequency of about
1KHz.

Figure 8 shows, particularly, the effect of the improvement of
the sensor response due to the application of a gate voltage 4 of OVolt in
the phase of absorption and of +20Vpp for three minutes in the phase of
desorption. It can be noted that the molecules of the gas instantly desorbs.

The same technique can be used for the improvement of the
response time in the absorption phase, as shown in figure 9. In this case:



10

15

20

25

30

35

11
- voltage of gate 4 in the absorption phase equal to -20Vpp, applied
for 3 minutes;
. voltage of gate 4 in the desorption phase equal to +20Vpp,
applied for 3 minutes.

As it is deduced, both phases are strongly improved.

The low frequency range (up to 100KHz) is considered
interesting because it acts on the electrostatic interaction between sensor
and molecules. The low frequency modulation, in fact, is useful because
kinetically the transition on-off, greater in such frequency excursions,
contributes to stimulate in a more effective way the molecules.

The high frequency range (from 100KHz) is useful because, as
already said, it exploits the resonance features of the interaction of the
various gaseous substances with the sensible materials, in the specific
case with single wall carbon nanotubes, particularly it interacts with
respect to the bond energies. One gets therefore a high selectivity of the
response.

Materials that it is possible to use for the application of signals
on the gate 4 for the improvement of the response time, besides the single
or multiple wall carbon nanotubes, are many. Some of these can be
identified in metallic oxides materials, particularly SnO, (tin oxide) and
WO; (tungsten oxide), organic semiconductor materials and metallic-
organic materials and other materials.

Always taking into consideration the nanotubes properties, it is
evident from the analysis of graphs 10a and 10b how the sensitivity of
carbon nanotubes sensors has a low dependence from the temperature.
With the same gate voltage 4 (0Volt), and for an excursion of temperature
from 23°C to 80°C, a variation of p of 6%-7% is obtained.

Finally, figures 11a and 11b show how sensors with ordered
carbon nanotubes are more sensitive with respect to those in which
nanotubes are randomly deposited.

Particularly, it is even observed a double sensitivity, being
constant the other physical conditions.

Sensor 1 can also be assembled in "amplifier configuration”, as
shown in the figure 12. Particularly, in the embodiment shown in the figure
a "common source" configuration is observed, in which source 2 is
connected to ground, drain is connected to a power supply 15 through a
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resistance 16. On drain 3 it is read the output signal, while on gate 4
frequency variable signals are applied.

By this configuration of the sensor and of the control gate 4, it is
possible to consider how the interaction of sensor 1 with the various gases
modifies the form of the Bode diagram (amplitude-frequency curve), an
example of which can be seen in figure 13 (relationship between the
output voltage on drain 3 and the input voltage on gate 4).

Particularly, from the analysis of said figure 13 it is possible
observing the overlapping of four different gaseous substances. The
frequency responses of said gaseous substances, obtained through the
interaction with sensor 1, allows controlling the possible resonance
frequencies and the cut off frequencies.

What is more remarkable of such application is the possibility of
analysing how the different concentrations of gas, pure or mixed, modify
this spectrum, for instance varying said cut off frequency or the depths of
the curve for the same resonance frequency.

From the above description, it can be observed that the
fundamental characteristic of the present invention is the possibility of
reduction of the response times of a sensor with an active material varying
its impedance as a function of the concentration of gas with which it
interacts.

An advantage of the present invention is the fact that the effect
of improvement of the response times can be obtained by the simple
application of a suitable gate voltage that allows to drastically improve the
response times of the sensor, making it usable in many fields. Said
voltage can be applied in various ways, i.e. continuous, alternate to low
frequency and alternate to high frequency according to the gaseous
substance to be detected.

A further advantage of the present invention is the fact that the
carbon nanotubes have shown very good behaviour for the detection of
some gaseous substance, particularly Ammonia, NOx and gas nerve
agent.

The present invention has been described for illustrative but not
limitative purposes, according to its preferred embodiments, but it is to be
understood that modifications and/or changes can be introduced by those
skilled in the art without departing from the relevant scope as defined in
the enclosed claims.
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CLAIMS

1. Method for the control of the response time of a sensor for
chemical substances, said sensor being comprised of a first and a second
pins, at least a layer of active material deposited between said first and
said second pins, said active material varying its own impedance following
the contact with said chemical substances and as a function of their
concentration, and a further control pin; said method being characterized
in that it provides at least a phase of detection of said chemical
substances corresponding to an absorption of said chemical substances
by said material, and at least a phase of recovery of said sensor,
corresponding to a desorption of said chemical substances by said
material; and in that during said phases of detection and recovery a signal
is applied to said control pin, suited to solicit the absorption or desorption
of said material varying the duration of the respective phases of detection
and recovery.

2. Method according to claim 1, characterised in that said signal
provides a component in (DC) direct current so as:

e to negatively polarize said control pin with respect to the
active material in the phase of absorption, in case the
molecule of the gas to be detected allows a joining with
said active material of the electron donor type, or
positively in case the molecule of the gas to be detected
allows a joining with said active material of the electron
withdrawer type;

e to positively polarize said control pin with respect to the
active material in the phase of desorption, in case the
molecule of the gas to be detected allows a joining with
said active material of the electron donor type, or
negatively in case the molecule of the gas to be detected
allows a joining with active said material of the electron
withdrawer type.

3. Method according to one of the preceding claims,
characterised in that said signal provides a frequency component.

4. Method according to claim 3, characterised in that said signal
has a frequency between 0 Hz and 100 KHz, suited to solicit the
molecules of said gaseous kinds.
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5. Method according to claim 3 or 4, characterised in that said
signal has a frequency greater than 100 KHz, so as to interact on the bond
among said active material and said gaseous kinds.

6. Method according to one of claims 3 - 5, characterised in that
said signal has a sinusoidal waveform, a quadratic waveform.

7. Method according to one of claims 3 - 5, characterised in
that said signal has a pulsed waveform of arbitrary form.

8. Method according to one of the preceding claims,
characterised in that said active material is comprised of nanostructurated
materials deposited between said first and said second pins.

9. Method according to claim 8, characterised in that said
nanotubes are carbon nanotubes.

10. Method according to claim 9, characterised in that said
nanotubes are of the single wall type.

11. Method according to one of claims 8 - 9, characterised in
that and deposited in an ordered way, preferably by dielectrophoresys.

12. Method according to one of the preceding claims,
characterised in that said active material is comprised of metallic oxides
deposited between said first and said second pins.

13. Method according to claim 12, characterised in that said
metallic oxides are tin oxide (SnO,) and/or tungsten oxide (WQOs3).

14. Method according to one of the preceding claims,
characterised in that said active material is comprised of organic
semiconductor materials and organic-metallic materials deposited
between said first and said second pins.

15. Method according to one of the preceding claims,
characterised in that said sensor includes an insulating layer, above which
said first and said second pins are placed, and beneath which said control
pin is placed.

16. Method according to claim 15, characterised in that said
insulating layer is comprised of silicon dioxide (SiO,) or glass.

17. Method according to one of the preceding claims,
characterised in that said first and said second pins are interdigitated.

18. Method according to one of the preceding claims,
characterised in that said chemical substances include nitrogen dioxide
NO, or ammonia NHs.
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19. Sensor for the detection of chemical substances, including a
first and a second pin, at least a layer of active material deposited among
said first and said second pin, said active material varying its impedance
following the contact with said chemical substances and in function of their
concentration, and a further control pin, characterized by the fact that said
active material is comprised of nanostructured materials and/or oxidizes-
metallic materials e/0 organic semiconductors materials and organic-
metallic, deposited among said first and said second pin.

20. Sensor according to the claim 19, characterized in that said
nanostructured materials are carbon nanotubes .

21. Sensor according to the claim 20, characterized in that said
nanotubes are of the single wall type.

22. Sensor according to one of the claims 19 - 21,
characterized in that said nanostructured materials are deposited in
orderly way, preferably by dielectrophoresys.

23. Sensor according to one of the claims 19 - 22,
characterized in that said metallic-oxides are tin oxide (SnO2) and/or
tungsten oxide (WQOs3).

24. Sensor according to one of the claims 19 - 23,
characterized in that said sensor includes an insulating substrate, above
which said first and said second pins are provided, and below which said
control pin is provided.

25. Sensor according to one of the claims 19 - 24,
characterized in that said insulating substrate is made of silicon dioxide
(SiOy) or glass.

26. Sensor according to one of the claims 19 - 25,
characterized in that said first and said second pins are interdigitated.

27. Method for the detection of the composition of a mixture of
gas, characterized in that it comprises a sensor as defined in claims 19 —
26, said sensor being polarized in such way that a current flows through
the active material, said method being further characterized in that it
provides the following phases:

a. detecting the spectrum of the output signal of one of said
first or second pins with respect to said control pin;
b. extracting from said spectrum one or more measures;
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c. comparing said one or more measures obtained with
reference measures in order to detect the presence of a
kind of gas.

28. Method according to claim 27, characterised in that said
sensor provides said first pin and it can be connected to a reference
potential, said second pin connected to a greater potential with respect to
said reference potential by a resistive dipole and said control pin to a
signal generator.

29. Method according to one of the claims 27 or 28,
characterised in that said measures include the detection of the cut off
frequency.

30. Method according to one of the claims 27 - 29,
characterised in that said measures include the detection of the depths of
the resonance curves.

31. Method according to one of the claims 27 - 30,
characterised in that said measures include the detection of the resonance
frequencies.

32. Method and sensor according to each one of the preceding
claims, substantially as illustrated and described.
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METHOD FOR THE CONTROL OF THE RESPONSE TIME OF
A SENSOR FOR CHEMICAL SUBSTANCES.

ABSTRACT

The present invention relates to a method for the control of the
response time of a sensor (1) for chemical substances, said sensor (1)
being comprised of a first (2) and a second (3) pins, at least a layer of
active material deposited between said first (2) and said second (3) pins,
said active material varying its own impedance following the contact with
said chemical substances and as a function of their concentration, and a
further control pin (4); said method being characterized in that it provides
at least a phase of detection of said chemical substances corresponding to
an absorption of said chemical substances by said material, and at least a
phase of recovery of said sensor, corresponding to a desorption of said
chemical substances by said material; and in that during said phases of
detection and recovery a signal is applied to said control pin (4), suited to
solicit the absorption or desorption of said material varying the duration of
the respective phases of detection and recovery.



