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1. History and Current Status

SMOX-based sensors appeared as a response to a very serious safety issue in Japan, namely gas
explosion accidents related to leakages of piped and bottled cooking gas. The first commercial gas
sensors were self-supported beads; there were two Pt coils, one of them used as heater and with a
DC resistance measurement between the two coils. The power consumption was more than 1 W [1].

SMOX-based sensors application fields were extended because of their inherent
advantages—high sensitivity, low cost, good stability—and as a consequence the performance
requirements evolved. At the beginning of the 1990s, the regulation of the air intake for car cabins
was becoming extremely important and, because of cost issues, the miniaturization drive was
gaining practical relevance [2]. Together with the additional trend of getting all household devices
battery operated [3], the resulting market pull determined the appearance of the current state of the
art gas sensors that are realized by depositing porous sensing layers realized by using pre-processed
powders onto ceramic and MEMS substrates [4,5].

2. Future Trends

As in the past, the developments in the field are determined by the needs of the applications to
be solved. Shifting from mains connected domestic gas alarms to battery operated ones will surely
continue as will continue the integration of more sensors with the target to detect more gases and
provide extended functionality such as fire detection and/or indoor air quality. There are already
commercial devices that use SMOX gas sensors for the latter; they measure the total volatile organic
compounds TVOC concentration and are giving a CO: equivalent output [6]. One can imagine that
success in this field will make possible the large scale integration of SMOX sensors in a host of
household products with the biggest prize being the integration into mobile devices such as smart
phones. There are companies that are making this approach quite central to their development
strategy [7]. There are also reports about successful integration of SMOX sensors in cooking hoods as
fire alarms [8].

Another type of applications that are rising a lot of interest are the ones related to breath
analysis, especially for the detection of diseases [9]. It was proven that it is possible to use gas
sensors for measuring the NO content of alveolar air and by that to get important information about
inflammatory processes in the lungs and adjust medication [10]; there are though a couple of
caveats: the used gas sensor is a highly specific electrochemical cell and the sampling technique
increases the complexity and the price of the instrument. Moreover, the application it serves is really
well documented and even standardized [11]. Such a success is not easy to emulate because one of
the intrinsic weaknesses of the SMOX sensors is their lack of selectivity. This is the reason why a lot
of efforts are made for obtaining selective sensors and it is expected that this will be one of the main
direction for the future R&D activities.
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In what concerns the transducers, besides the approach towards miniaturization of the MEMS
substrates it is expected that activities focused on the use of additives technologies and plastics will
amplify with the goal of decreasing even more the costs of the gas sensors to such an extent that
disposable devices will be available [2]. It was already shown that it is possible to integrate different
sensing principles on foils [12] —the various transducers were obtained by using MEMS, which is a
non-additive technology—so the next steps will be in the direction of developing processes
compatible to roll to roll production. Such transducers will need sensing layers deposition methods
that do not require high temperatures annealing.

One can conclude that, because of the application pull, the drive is towards further
miniaturization, see Figure 1, and increased selectivity and sensitivity in order to make possible their
integration in a host of mobile and household devices and help make possible the Internet of
Things (IoT).
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Figure 1. First and last generation of methane Figaro gas sensors (courtesy of Figaro Eng.).
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