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Abstract—Ethylene monitoring has long been a method of controlling the ripening of climacteric fruits. But it turns out 

that this gas is an important biomarker in biomedical applications. This work presents an optical gas sensor based on 

the lossy mode resonance (LMR) effect for ethylene detection in planar waveguide configuration. Two different 

approaches have been explored: one in the visible (VIS) spectral region and the second one in the mid infrared (MIR) 

region. Optical resonances have been achieved, in all cases, by means of sputtered tin oxide thin films. Response and 

recovery times were 54 and 246 s respectively for the sensor with the resonance in the VIS region while the device 

operating in the MIR obtained response and recovery times of 19 s and 47 s respectively. The sensitivity during ethylene 

detection varied from 93.8 pm/ppm to 187.5 pm/ppm with the devices working in the VIS and MIR regions, respectively. 

According to the calibration curve, devices shown an ethylene limit of detection (LOD) of 4.0058 ppm and 0.6532 ppm 

in the VIS and MIR spectral regions respectively, which finds applications in climacteric fruit ripening assessment as well 

as hemodialysis control. Cross sensitivity with humidity was also characterized for both devices.  

Index Terms—Optical Sensor, Gas Sensor, Lossy Mode Resonance, Ethylene Sensor.  

I. INTRODUCTION 

Environmental pollution monitoring due to hazardous gases 

emission is a constant concern nowadays for health and safety among 

other reasons. The need to control precisely the concentrations of 

different gaseous species in industries as well as biomedical 

applications is increasing considerably the demand and the research 

efforts on highly sensitive and reliable gas sensors [1].  

Particularly, ethylene is a traditional indicator used for fruits 

ripening assessment [2] but not exclusively. Ethylene also finds 

applications as biomarker for lipid peroxidation and oxidative stress 

in the exhaled breath of elderly patients with renal failure immediately 

after hemodialysis (HD) [3]. In particular, a patient average increase 

from 0.15 to 0.8 ppm of ethylene in breath was found after HD [3]. 

This gas, also known as ethene, is an organic chemical compound 

formed by two carbon atoms linked by a double bond. Ethylene is 

very well known by its effect upon plant growth and development, 

and it is cataloged as a regulator of organ senescence, stress responses, 

and pathogen responses [4].  

LMR-based sensors have been successfully proven in the past as 

useful sensing tools using optical fiber configuration [5] and recently 

also in a planar waveguide configuration [6]. A metallic oxide thin-

film is typically used for LMR generation, such as tin oxide that 

fulfills all the necessary conditions for the LMR to be generated. Its 

operating principle is based on resonance displacements produced by 
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changes in the effective refractive index of the external medium [7]. 

Regarding gas sensing applications, optical fiber LMR-based devices 

have demonstrated to be suitable for humidity [8, 9] and hydrogen 

sulfide [10] detection. LMR-based devices have also been 

successfully used in planar waveguide configuration for the detection 

of acetone, ammonia and ethanol in the visible spectral region [11], 

and for 1-butanol detection in the mid infrared region [12].  

SnO2 is the most widely used material as sensitive to ethylene for 

sensing purpose [13-23], but not combined to LMR effect till now.  

This work presents the utilization of LMR-based devices in planar 

waveguide configuration for ethylene detection in the visible and mid 

infrared regions by means of SnO2 sputtered thin film.  

II. SENSOR DESIGN AND EXPERIMENTAL SETUP 

A. Device Fabrication 

Two devices were fabricated and characterized for ethylene 

detection, both in planar waveguide configuration. The first one 

(sensor A, Fig.1a), using a 18 x 18 mm and 130 µm thick standard 

borosilicate glass coverslip as waveguide, and the other one (sensor 

B, Fig.1b) using a 10 x 10 mm and 500 µm thick CaF2 (from UQG 

Optics). Tin oxide thin-films were deposited onto the planar 

waveguides by means of DC-sputtering using a Benchtop High-

Vacuum Magnetron Sputtering System purchased from 

MOORFIELD and a tin oxide target. The fabrication conditions were: 
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120 mA current, 1.2 × 10-2 mBar vacuum pressure and a distance of 10 cm between the substrates and the target.  

 
Fig. 1.  Experimental setup used for sensor A (a) and sensor B (b).

B. Experimental measuring setup  

Sensor A experimental setup (Fig.1a) consisted of a typical 

transmission setup in the visible region comprising a Takhi-HP light 

source (from Pyroistech Inc.) coupled to a multimode optical fiber 

(200/225 µm core/cladding diameter purchased from Thorlabs Inc.), 

an USB2000FLG spectrometer (Ocean Optics Inc.), and a 

LPVISA050 polarizer (obtained from Thorlabs Inc.). Sensor B setup 

in the mid infrared region consisted of a stabilized light source, 

SLS201L (from Thorlabs Inc.) coupled to a 500 µm core diameter 

fluorinated zirconium (ZrF4) optical fiber patch cord (MZ41L1, 

purchased from Thorlabs Inc.) with a working range up to 4.5 µm and 

an ARCoptix (Arcoptix Switzerland) FTIR spectrometer. 

Gas measurements were performed with the sensors in a sealed 

chamber with gas inlet and exhaust. Ethylene gas cylinder with a 

concentration of 200 ppm (purchased from Nippon Gases) was used 

for ethylene sensitivity measurements. To achieve stable 

measurement conditions, a nitrogen (N2) carrier gas was used, so that 

the total flow rate was fixed at 300 mL/min during the experiments. 

Table 1 shows the gas flow combinations used for N2 and ethylene 

during the experiments and the obtained concentrations of ethylene 

for each case.  

Table 1.  N2 and ethylene gas flow combinations and ethylene 

concentrations. 

Condition  
N2 flow 

[mL/min] 

Ethylene flow 

[mL/min] 

[Ethylene] 

[ppm] 

1 300 0 0 

2 275 25 16 

3 250 50 32 

4 225 75 50 

5 200 100 66 

In this work, the lowest ethylene flow value (25 mL/min) was 

chosen in order to guarantee the proper operation of the gas flow 

controller (from Bronkhorst, NL-7261 AK Ruurlo, Netherlands), 

which was not qualified for lower values. Therefore, the lowest 

ethylene concentration used in our experiments (16ppm) was defined 

based on measurement conditions and not on sensor performance.  

Water vapor cross sensitivity was also tested in both A and B 

devices. In this case, deionized ultrapure water was pressurized and 

vaporized with a controlled evaporated mixer (CEM, from Bronkhorst, 

NL-7261 AK Ruurlo, Netherlands). Flow control of the CEM is 

expressed in mg/h. Table 2 shows the water vapor mass flow that is 

combined in each case with a constant nitrogen carrier flow of 300 

mL/min in order to provide a fixed water vapor concentration and 

relative humidity inside the sealed chamber.   

Table 2.  Water vapor concentrations and equivalent relative humidity 

for 300 mL/min nitrogen carrier gas. 

Condition 
Water vapor mass 

flow [mg/h] 

Concentration 

[ppm] 
RH (%) 

1 0 0 0 

2 50 3442 12 

3 100 6860 24 

4 150 10255 36 

5 200 13627 48 

Response and recovery times for both sensors were calculated as 

the LMR wavelength shift time from 10 % to 90% and vice versa.  

For both devices, first order resonance was used as reference for 

measurements, at 560 nm for sensor A and at 2320 nm for sensor B.  

III. RESULTS AND DISCUSSION 

Fig. 2.a) shows the response of sensor A to concentrations of 

ethylene in the range from 16 to 66 ppm. Figure 2.b) shows the 

response of sensor A to relative humidity in the range from 12 to 48%.  

The response and recovery times of this sensor A to ethylene were 

54 s and 246 s respectively, achieving a sensitivity of 93.8 pm/ppm. 

Humidity response and recovery times of sensor A were 54 s and 48 

s respectively, achieving a sensitivity of 1.5 pm/ppm (or 417 

pm/%RH). 

Previous experiments were also repeated with sensor B in order to 

compare the performance with sensor A. Figure 3 shows the results 

of sensor B when it was exposed to the same ethylene concentrations 

and the same relative humidity levels as sensor A. The response and 

recovery times of sensor B for ethylene were 19 s and 47 s 

respectively. In the case of relative humidity, the response and 

recovery times of sensor B were 34 s and 63 s respectively. The 

sensitivity of sensor B was 187.5 pm/ppm and 5.2 pm/ppm (or 1.5 

nm/%RH) for ethylene and relative humidity respectively. 

Fig. 4 calibration curves show the wavelength shift of the optical 

resonances of sensors A and B for different ethylene concentrations 

(Fig. 4a) and different relative humidity levels (Fig. 4b). Linearity 

factors (R2) obtained for sensor A were 0.9427 and 0.9660 for 

ethylene and humidity respectively, while sensor B linearity factors 

were 0.9988 and 1 for ethylene and humidity respectively. Error bars 

in Figure 4 represent the deviation of the measurements from the 

averaged data points represented in the graph. According to the 

statistical properties obtained from the measured data of sensors A 

and B during ethylene detection, the LOD is 4.0058 ppm and 0.6532 

ppm for sensors A and B respectively. These parameters were 

calculated using equation (1), were 𝑆𝑑𝑣 is the standard deviation, and 
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𝜕 is the slope of the calibration curve [24].   

𝐿𝑂𝐷 = 3.3 ∗
𝑆𝑑𝑣

𝜕
                                     (1) 

Both sensors have shown good repeatability as it can be observed 

from the three repetitions at the beginning of the measurements in 

Figures 2 and 3. Particularly, sensor B revealed a higher sensitivity, 

faster response and recovery times and a higher linearity compared to 

sensor A (see Table 3), this reveals the enhanced performance of the 

device operating in the MIR range. On the other hand, the 

performance of sensor A could be also useful in specific applications 

where the high cost of MIR instrumentation could be a barrier and 

there is no demand for high sensitivity or fast response, such as 

climacteric fruit ripening assessment. Table 3 shows a brief summary 

of the parameters of both sensors, A and B, in order to facilitate their 

comparison. 

  

 
Fig. 2: Sensor A response to: (a) Ethylene, (b) Humidity.

 

 
Fig. 3. Sensor B response to: (a) Ethylene, (b) Humidity.

Table 3.  Sensors A and B performance. 

 Gas Target A B 

Response time [s] 
Ethylene 54 19 

Humidity 53 34 

Recovery time [s] 
Ethylene 246 47 

Humidity 48 63 

Sensitivity 

[pm/ppm] 

Ethylene 93.8 187.5 

Humidity 1.5 5.2 

IV. CONCLUSIONS 

As an innovation of this study, LMR-based planar waveguide 

devices operating in the visible and mid infrared regions were 

successfully fabricated by means of tin oxide thin-films and tested for 

ethylene and relative humidity detection. A comparative study was 

also performed highlighting the advantages and disadvantages of each 

device.  

The new findings confirm the feasibility of very simple and very 

low-cost planar waveguide configuration in the fabrication of optical 
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sensors based on LMR effect for gas detection and it is the first 

approach of LMR-based devices for ethylene detection. It is also 

important to remark that this work opens the door to the utilization of 

LMR-based devices for gas detection in biomedical applications. At 

the same time, this result represents an improvement compared to 

many other proposals [13-23] that use other materials and compounds 

or even the same tin oxide we used in this work. 

In the case of sensor B, its LOD makes it feasible for biomedical 

applications where ethylene is used as biomarker for lipid 

peroxidation and oxidative stress in the exhaled breath of elderly 

patients with renal failure immediately after HD, given that its LOD 

is lower than 0.8 ppm (0.6532 ppm).  

 
 

 

Figure 4: LMR shift for sensors A and B: (a) Ethylene, (b) Relative 

Humidity. 
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