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Gas sensing with SU-8 whispering gallery mode 

resonators 
 

Cédric Lemieux-Leduc, Régis Guertin, Marc-Antoine Bianki, and Yves-Alain Peter 

Department of Engineering Physics, Polytechnique Montréal 

Montréal, Canada 

E-mail: cedric.lemieux-leduc@polymtl.ca; yves-alain.peter@polymtl.ca

Abstract—We present an optical gas sensor using SU-8 

microdisk whispering gallery mode resonators. Sensitivities 

were measured for different vapor phases: water, toluene, 

limonene and valeric acid. The highest reported sensitivity 

is 18.98 pm/ppm. 
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I. INTRODUCTION 

The detection of volatile organic compounds (VOC) 

motivates the development of devices based on several sensing 

mechanisms. Most detection methods have flaws and 

limitations like energy consumption that prevent them from 

being used in harsh environments. Optical gas sensors are a 

suitable solution for monitoring in such media like explosive 

environments or in high electromagnetic fields since electronics 

are not required to be connected to the device. We previously 

reported an interferometric sensor based on a silicon 

Fabry-Pérot microcavity functionalized with polymers [1]. The 

polymer inserted in the cavity absorbs gases, thus modifying the 

optical length of the cavity, and inducing a spectral shift of the 

resonance modes. Selected polymers exhibit unequal absorption 

for different gases [2]. Selective measurement of gases is then 

possible by monitoring cavities with different polymers at the 

same time. Whispering Gallery Mode (WGM) resonators are 

attractive optical sensors thanks to their high-quality factor. In 

these circular-shaped cavities, light undergoes total internal 

reflection and resonance occurs for wavelengths matching the 

constructive interference conditions. 

 

Typical WGM chemical sensors are silica microtoroids or 

microspheres functionalized with a thin polymer coating and 

able to detect a spectral shift [3]. The spectral shift ∆� caused 

by the polymer’s absorption of an analyte can be expressed by 

the following equation: 
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+
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where � is the wavelength where the spectral shift is probed, 	 

the radius of the cavity with its change due to swelling ∆	 and 

 the refractive index of the cavity with the change ∆
 coming 
from the mix of analyte and the polymer. The spectral shifts 
achieved by this method are limited by the capacity of the 
coating to absorb a specific analyte and its swelling. 

 We propose an all-polymer WGM microcavity standing on a 
silicon pedestal which increases the absorption capacity and the 

swelling effect. The polymer used to fabricate the WGM cavities 
is SU-8, which is a negative photoresist with excellent 
mechanical and thermal properties broadly used to fabricate 
optical waveguides with high-transparency in the visible and 
telecommunication wavelengths. It has been previously used in 
the fabrication of an integrated humidity sensor [4], but the 
swelling of the cavity is restricted since the WGM cavity is 
attached to the substrate. 

II. FABRICATION AND METHODOLOGY 

The fabrication of the WGM resonators first requires the 

patterning of SU-8 photoresist spin-coated directly on silicon. 

Then a dry chemical etch of silicon with SF6 is performed to 

shape the silicon pedestal. The silicon pedestal, which has a 

higher refractive index than the disk, acts as a sink for the 

higher-order radial modes of the cavity. The number of 

remaining radial modes is inversely proportional with the size 

of the pedestal. Cavities with a 60-µm radius and a thickness of 

700 nm were tested for this study and the radius of the pedestal 

is approximately 50 µm. The measured quality factor �  at 

1549 nm is 2×104  and the free spectral range (FSR) of this 

resonance peak is approximately 4 nm. Figure 1 shows pictures 

of the resonator. 

 
Fig. 1. (A) SEM image of an SU-8 microcavity (	  = 60 µm) with a silicon 
pedestal. (B) Photograph of a tapered fiber coupling into the microcavity with a 
red laser. 

 A schematic of the experimental setup is shown in Figure 2. 
Light is coupled to the microcavity using a 1-µm tapered SMF28 
fiber to probe the transmission of the WGM. An infrared tunable 
laser source is used for the optical characterization of the 
microcavities. A custom fibered tunable laser source ranging 
from 1500 nm to 1620 nm is used for fast acquisition of the 
spectra with an optical power meter. Solvents are placed in a 
bubbler and injected with nitrogen to reach their saturated 
concentration. The analyte is then mixed with a background 
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nitrogen flow and brought to the cavity in a sealed environment. 
Spectra were sampled at different concentrations of analyte to 
observe the related spectral shift. 

 
Fig. 2. Configuration of the experimental setup. 

III. RESULTS AND DISCUSSION 

Figure 3 shows the measured spectral shift of a resonance 
peak at 1549 nm over time as the cavity is exposed to different 
concentrations of toluene. Inset in Figure 3 shows a zoom of the 
transient region for the third gas exposition for which the 
response time (time to reach 90 % of the maximal shift) is 
roughly 34 s. The response time is mainly limited by the 
diffusion of the gas through the setup. Figure 4 shows spectral 
shifts of the cavity in function of different concentrations of 
toluene. The sensitivity values for humidity, valeric acid, toluene 
and limonene were calculated by applying a linear regression on 
the spectral shifts. The limit of detection (LOD) is then 
calculated by taking three times the standard deviation of the 
signal divided by the sensitivity.  

 
Fig. 3. Response of the device for different concentrations of toluene. 

Table I reports the calculated sensitivity and limit of 
detection of the WGM microcavity for each gas tested in 
comparison to previously reported data from the Fabry-Pérot 
cavity functionalized with SU-8 [2]. The resonator shows a high 
sensitivity to valeric acid with 18.98 pm/ppm and a LOD of 

2 ppm. Humidity and toluene have lower sensitivities than 
valeric acid by two orders of magnitude (0.18 and 0.36 pm/ppm 
respectively) while sensitivity to limonene is lower than valeric 
acid by one order of magnitude (5.12 pm/ppm). The same 
pattern can be seen with the Fabry-Pérot cavity. For the same 
gases, the sensitivity with the WGM cavity is higher than the 
Fabry-Pérot cavity by one order of magnitude. The sensitivity of 
the device depends on many parameters such as the radius and 
the thickness of the resonator as well as the size of the silicon 
pedestal. Upcoming work includes a study of the effect of these 
parameters on the sensitivity and tests with other gases. 

 
Fig. 4. Spectral shifts in function of concentration for toluene. 

IV. CONCLUSION 

 Selectivity of an SU-8 microdisk was measured for different 
gases and the device was found to be more sensitive to valeric 
acid than humidity, toluene and limonene. Furthermore, this 
cavity has a higher sensitivity than the functionalized 
Fabry-Pérot [2] by about one order of magnitude for the same 
gases tested. 
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TABLE I.  CALCULATED SENSITIVITIES AND LIMITS OF DETECTION 

 This work Fabry-Pérot functionalized with SU-8 

Analyte Sensitivity (pm/ppm) LOD (ppm) Sensitivity (pm/ppm) LOD (ppm) 

Humidity 0.18 190 0.02 - 

Valeric acid 18.98 2 1.39 - 

Toluene 0.36 57 0.06 201 

Limonene 5.12 6 0.35 99 
 


