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Abstract: This work presents a first approach to the utilization of Lossy Mode Resonance (LMR)
based optical fiber sensors for gas detection. The optical sensor is based on a SnO2 thin-film
fabricated onto the core of cladding removed multimode fibers (MMF). The time response of the
device to four different gases (NH3, NO, CO2 and O2) was monitored obtaining the best sensitivity
for NO whereas the response to NH3 revealed the best repeatability.
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1. Introduction
Gas detection is an important issue in industrial environments and it is mainly associated to the
risks involved in accidents. Therefore, it is required the utilization of reliable, accurate and fast gas
detection systems [1]. Optical fiber sensors can overcome conventional methods in several features,
such as electromagnetic immunity, easy multiplexing, low losses and intrinsically safe detection (not
carrying electricity). In particular, optical fiber LMR-based sensors comprising a thin metal oxide
film, such as SnO2, have been presented as a high sensitive and versatile tool [2]. Ample
documentation can be found in literature regarding the utilization of metal oxides and SnO2 thin films
in gas sensing applications [3]. On the other hand, it had never been explored before by means of the
utilization of LMR-based optical fiber sensors.
2. Materials and Methods
This work presents a first approach to measure the response of LMR-based sensors to different
gases, such as NH3 (1890 ppm), NO (301 ppb), CO2 (pure) and O2 (pure), generally present in industrial
processes. All the experiments used N2 with 99.99% purity as the reference level for detection. The
experimental transmission setup is represented in Figure 1a with the sensitive region introduced in
a stainless steel gas cell. The sensitive region consisted of a MMF with 200 µm core diameter and 2
cm long. 200 nm thick SnO2 films were fabricated onto the MMF core by means of DC sputtering
technique [4]. A prior characterization of the device was performed with the sensitive region
immersed in glycerin/water concentrations ranging from 0 to 80% (see Figure 1b). The resonance of
the device shifts to longer wavelengths as a function of the external refractive index (RI). The
sensitivity, 1106 nm/RIU, could be easily improved by means of the utilization of a more complex
Proceedings 2018, 2, 890; doi:10.3390/proceedings2130890

www.mdpi.com/journal/proceedings

Proceedings 2018, 2, 890

2 of 4

setup comprising D-shape fibers as well as first order resonances [5–6] but this is not the objective of
this study. The response of the device to the gases was performed during 5 cycles of 5 min in N2 and
5 min in the gas under study. The nitrogen gas flow is set to 0.5 L/min while the gases under test is
0.25 L/min.

Figure 1. (a) Spectral response of the LMR refractometer when the sensitive region is immersed in
different water/glycerin solutions at different concentrations (80% = 1.443 RIU, 70% = 1.428 RIU, 50%
= 1.398 RIU, 30% = 1.370 RIU, 10% = 1.345 RIU, 0% = 1.333 RIU); (b) Experimental setup used to
monitor the sensitivity of the device to different gases that consisted of a gas cell with an optical fiber
pass-through for fiber connections to the optical source and detector as well as gas inlet and outlet.

3. Results and Discussions
The response of the fabricated devices (see Section 2) was tested under different gases. At the
first five minutes of every gas test there is a resonance wavelength shift to shorter wavelengths as it
can be observed in Figure 2. This can be attributed to the stabilization time of the temperature and
humidity conditions in the gas chamber at the first stage after closure compared to the natural air
conditions present during the gas cell assembly. If we omit this first cycle we can observe a LMR
wavelength shift of 4.5 nm, 1.5 nm, 3 nm and 2 nm for the NH3, NO, CO2 and O2 respectively with a
mean response time smaller than 40 s. The mean time response obtained with the presented sensor is
in the same range of others optical gas sensors using different sensing technology [7–9]. The highest
sensitivity was obtained with NO (5 pm/ppb) while NH3 shown a highly repetitive response as well
as a sensitivity of 2.4 pm/ppm.
One of the most noteworthy characteristics of gas sensors is the response time. Hence, Figure 3
presents a closer view of the results from the Figure 2 for each gas under test. The response time is
the rise time measured from 10% to 90% of the resonance wavelength shift. As well as the highest
sensitivity NO revealed the fastest response time response, about 10 s (see Figure 3b). It is also
important to note that the shortest response time is associated to the smallest resonance wavelength
shift while the longer response times correspond to the larger resonance wavelength shifts. However,
a more detailed study of this behavior should be performed in order to stablish a clear relationship
between response time and resonance wavelength shift with different gases and at different
concentrations.
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Figure 2. LMR wavelength shift when the sensitive region of the device is exposed to different
concentrations of NH3 (1890 ppm), NO (301 ppb), CO2 (pure) and O2 (pure) for cycles of 5 min
followed by 5 min of recovery time in N2.

Figure 3. Time response of the LMR optical sensor during the third gas under test cycle: (a) NH3, (b)
NO, (c) CO2 and (d) O2.

4. Conclusions
This work presented a novel way to use the LMR sensors as a gas sensing tool. Results for
refractive index response and gas sensing have been shown for the devices fabricated with SnO2 thin
film. In particular, gas sensing test that consisted of five cycles alternating between the gas under test
and pure nitrogen have been performed using four different gases: NH3 (1890 ppm), NO (301 ppb),
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CO2 (pure) and O2 (pure). The tests. The shortest response time as well as the highest sensitivity are
10 s and 5 pm/ppb respectively and where obtained with NO gas. Finally, it is important to remark
that all the gases produced a response in the sensor by means of resonance wavelength shift, which
reveals the potential of the utilization of these devices in gas sensing applications as well as the
necessity to perform further studies on the optimal characteristics of the film and temperature
operation to obtain selective responses with different gaseous species.
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