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Abstract—Smell is one of the last senses still not completely 

replicated. Artificial gas sensors do manage to reach enough 
sensitivity but selectivity is still an issue. However, it is essential to 
several industries and smart cities. In this work, the selectivity of a 
previously reported optical gas sensor is demonstrated using three 
polymers for functionalization. Different sensitivities are obtained 
for toluene, 1-butanol, limonene and valeric acid. 

Keywords—gas sensor; polymer; Fabry-Pérot; selectivity 

I.  INTRODUCTION 

Many different gas sensors exist and new ones are still 
being developed as they all have limitations. Electrochemical 
ones are usually precise but consume a lot of energy and 
cannot be used in all environments due to the electronics. 
Thermal gas sensors are limited to oxides, while mechanical 
ones need a complex circuitry and are affected by temperature. 
In the case of optical gas sensors, the problem is usually either 
selectivity or their integrability. 

In this report, new results of a gas sensor based on optical 
resonances are presented. This gas sensor was originally 
reported in [1]. Two silicon-air Bragg mirrors create a Fabry-
Pérot cavity and resonance peaks are observed through two 
Corning® SMF-28 optical fibers. In between the mirrors is a 
polymer, which absorbs analyte, gas in this case, and expands, 
thus modifying the cavity. This in turn shifts the wavelength of 
the resonance peaks linearly with the concentration of the 
analyte (Fig. 1). The polymer has the capability of providing 

selectivity as it will not absorb every analyte equally. The 
quantity absorbed depends on the solubility of the analyte-
polymer pair. A future sensor using this technology would have 
multiple cavities with different polymers to differentiate 
several gases. Another particularity of the sensor is that it is in-
plane. Integrability is then simple as there are grooves so the 
optical fibers can be easily aligned and glued.  

II. FABRICATION 

The fabrication of the sensor used a technique called contour 
lithography to obtain equivalent depths and verticality between 
the large openings and the mirrors [2]. Fig. 2 presents this 
fabrication process for the gas sensor. There are two etching 
steps, the first being a deep reactive ion etching (DRIE) for the 
smaller openings and the contour of the larger ones and the 
second being a reactive ion etching (RIE) for the large 
openings. An oxidation after the first etch step protects the 
smaller openings during the second etch step. Fig. 3 shows the 
completed sensor.  

III. METHODOLOGY 

The tests to validate the selectivity were done on three sensors 
with different polymers which were PDMS, SU8 and 2,6-
diaminotoluene. The gases used were volatile organic 
compounds (VOC), more specifically toluene, 1-butanol, 
valeric acid and limonene. The tests were done at their 
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Figure 1: Operating principle of the gas sensor 

 

 

Figure 2: Fabrication process. a) 1st photolithography and DRIE b) 240 
nm dry oxidation c) 2nd photolithography and BHF etching d) resist 

removal e) RIE etching f) BHF etching 
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saturated concentration with the use of a bubbler. The carrier 
gas was nitrogen. Nitrogen plus the analyte were brought to the 
sensor. The light source is a broadband source (Newport BBS-
430) and the spectra were obtained with an optical spectrum 
analyzer (Agilent 86142A). The maximum of the resonance 
peak was recorded with time followed by a Gaussian filtering 
in order to suppress noise. The error of a resonance peak’s shift 
is three times the standard deviation generated by the noise.  

IV. RESULTS 

Wavelength shifts cannot be used to compare the different 
polymer/gas combinations as the gases do not have the same 
saturated concentration. Sensitivity is a better unit in this case. 
Fig. 4 presents the results. The major difference between 
valeric acid and the three other gases demonstrates how the 

sensor can be selective. Toluene, butanol and limonene do have 
similar responses for the three polymers but it is important to 
consider there is still a significant difference. For example, 
there is a difference of two orders of magnitude between the 
sensitivities of PDMS and SU8 to toluene and only one order 
of magnitude in the case of butanol. Also, only three different 
polymers were tested. Many others could provide a better 
selectivity between these gases. The maximum sensitivity was 
1.56 x 10

-2
 nm/ppm for limonene and PDMS. 

A drawback of using polymers is their expansion due to 
temperature. A shift of around 0.1 nm per °C was observed so 
controlling the temperature of the sensor will be necessary. The 
temperature was not controlled for the results presented in this 
abstract and doing it will reduce the error significantly. 

V. CONCLUSION 

The selectivity of an in-plane Fabry-Pérot gas sensor 
functionalized with three different polymers is demonstrated. A 
sensitivity of 1.56 x 10

-2
 nm/ppm was achieved in the case of 

limonene with PDMS.  
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Figure 3: SEM micrograph of the cavity without polymer. On the left and 

right are the optical fiber grooves 

 

 
Figure 4: Sensitivities of the different polymer/gas combinations. The vertical -axis has a logarithmic scale 
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