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Research and developments have been actively conducted to improve the functionality of gas sensors. These
gas sensors can use to detect specific vaporized components present in the air in small and easy. Research
and development have been conducted on methods that focus on the principles by which gas sensors detect
gases. However, detecting low concentrations of gases and selectively detecting each component remain
major technical challenges.

In this study, we developed devices (grid) that can be combined with a single gas sensor to make it easier to
identify gases. The grid modulates the gas sensor output by changing the chemical and physical properties
of the gas itself. This modulation allows the components to be identified more clearly than when the gas is
detected using only the gas sensor. The grid consists of a lattice structure in which 15 pm-wide metal wires
are arranged in parallel at 15 pm intervals, and a silicon substrate with through-holes underneath. Gasses
pass through the gaps between the metal wires, then exit the through-holes and reach the gas sensor.

We fabricated several types of grids at our university's LSI factory. These change gas properties in different
ways. After creating grids for all methods, we conducted basic experiments. As a result, we determined that
the electric field control type grid, which applied voltage and forms an electric field around the metal wire,
is advantageous in terms of gas property changes and handling. Next, we simulated the electric field
strength around the grid. As a result, we confirmed that the electric field strength increases mainly near the
interface between the metal wire and air as the applied voltage increases. We also created a jig for fixing the
grid and gas sensor with an optimized structure to allow gas to easily pass through the grid.

In this study, we verified the gas sensor output for several gases with similar molecular structures. At this
time, we focused on whether the output of the gas sensor changes depending on the magnitude of the
voltage applied to the grid. First, we used acetone, isopropanol (IPA), and propane in first experiment. These
gases have different polarities but similar structure. Prior to the experiment, we simulated the electric field
strength of surrounding the grid. As a result, we confirmed the electric field strength increased near the
interface between the metal wire and the air primarily as the applied voltage increased. Also, we created a
jig for use in experiments using the grid. We compared the waveform of the data detected without applying
a voltage and the increase or decrease in output when a voltage was applied. As a result, we confirmed that
the data was different trend of each gas. In this experiment, we found the possibility to distinguish gases

between different polarities by combining the grid and a gas sensor.




Next, we examined the possibility of distinguishing enantiomers. Enantiomers have opposite chemical
structures, like mirror images. Furthermore, even though chemical properties or physical properties are the
same, humans may feel them as different odors. If the enantiomers could be distinguished, the development
of gas sensor (odor sensor) that mimics the human nose can advance. The results showed that the output of
the gas sensor for one of the enantiomeric gases became higher than the another by increasing the applied
voltage.

The experimental result in this study, the electric field control type grid could change the gas sensor output.
There are several possible factors that cause the grid to modulate the gas sensor output for each gas type.
First, it is thought that the grid imparts a charge or ionizes the functional groups to the specific molecules.
These promote oxidation-reduction reactions between the gas and the gas sensor, resulting in an increase in
the gas sensor output. Another possibility is that the some charged molecules adsorb to the metal wire and
decrease the amount of molecule reaching the gas sensor.

The grid can be used with any gas sensor using any detection method by customizing the experimental

system, such as the fixture, and is expected to lead to a wider variety of data.




