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Abstract: A polymer-based micro-bottle resonator coated with graphene oxide (GO) film is
presented to improve the relative humidity (RH) sensing performance. Polymeric
material Loctite 3525 was coated onto a quartz fiber and cured by using UV light
irradiation and thermal reflow technology. A layer of GO film was prepared on
the resonator by the dip impregnation method, which realized a high Q-factor (>10  4  )
transmission of energy by appropriately designing a wave-guide resonator coupling. By
optimizing the concentration of GO, high sensitivity and figure of merit (FoM) of 0.161
and 2.01/%RH were achieved in the RH range of 22~81%. After high-temperature
annealing at 300 ℃, the temperature sensitivity decreased by an order of magnitude
from 0.793 to 0.068  nm  /℃, which significantly reduces the cross-sensitivity between
humidity and temperature. The proposed resonator has the advantages of being
compact in size, low in cost, high sensitivity, and low in temperature crosstalk.
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Temperature-Independent Relative Humidity Sensing 

Properties of polymer Micro-bottle Resonators 

Coated with Graphene Oxide 
Abstract 
A polymer-based micro-bottle resonator coated with graphene oxide (GO) film is presented to improve the relative humidity (RH) 

sensing performance. Polymeric material Loctite 3525 was coated onto a quartz fiber and cured by using UV light irradiation and 

thermal reflow technology. A layer of GO film was prepared on the micro-bottle resonator by the dip impregnation method, which 

realized a high Q-factor (>104) transmission of energy by appropriately designing a wave-guide resonator coupling. By optimizing 

the concentration of GO dip impregnation solution, high sensitivity and figure of merit (FoM) of 0.161 nm/%RH and 2.01/%RH 

were achieved in the RH range of 22~81%. In addition, after high-temperature annealing at 300 ℃, the temperature sensitivity 

decreased by an order of magnitude from 0.793 nm/℃ to 0.068 nm/℃, which significantly reduces the cross-sensitivity between 

humidity and temperature. The proposed resonator has the advantages of being compact in size, low in cost, high sensitivity, and 

low in temperature crosstalk. 

 

Keywords: relative humidity; micro-bottle resonator; polymer material; whispering-gallery mode (WGM); graphene oxide 

1. Introduction 

Humidity is one of the most accessible physical forces in daily life. People's dietary activities and the survival and reproduction 

of animals and plants are closely related to the humidity of the environment. With the development of the social economy, all 

walks of life have more and more strict requirements on humidity indicators, and the requirements on all aspects of humidity 

sensors are getting higher and higher. The use of traditional humidity sensors in some extreme environments will be restricted, but 

fiber optic sensors have the advantages of anti-electromagnetic interference, high sensitivity, lightweight, small size, corrosion 

resistance, and electrical insulation [1], [2]. Therefore, the optical fiber humidity sensor has attracted more and more researchers' 

attention. 

Since the material of the optical fiber itself is not sensitive to humidity, most optical fiber humidity sensors need to be coated 

with a moisture-sensitive coating on the surface of the optical fiber to enhance the humidity-sensitive characteristics of the optical 

fiber sensor. Common humidity-sensitive materials mainly include gelatin (Gelatin) [3], polyvinyl alcohol (PVA) [4], tungsten 

disulfide (WS2) [5], zinc oxide (ZnO) [6], titanium dioxide (TiO2) [7], carbon nanotubes (Carbon nanotubes) [8], etc. Among them, 

GO [9-11] is considered to be an excellent humidity sensitizing material because of its unique photoelectric properties, high 

sensitivity to external environmental changes, and strong adsorption capacity for water molecules. Based on this, people have 

designed a variety of fiber optic humidity sensors with different structures, such as fiber grating humidity sensors [12], resonant 

cavity humidity sensors [13], interferometric humidity sensors [14], and so on. Among them: the grating-type humidity sensor has 

a stable structure, but its sensitivity is generally low due to objective factors of its sensing principle; the humidity sensor has the 

advantage of high sensitivity, but the disadvantage is that some have complex structures, difficult production, and some are 

expensive. In recent years, with the improvement of the micro-machining level and the emergence of new processing techniques, 

WGM micro-cavities of various geometries have been fabricated and extensively studied. Sensors based on WGM can provide a 

very long photon lifetime and high Q-factor. This makes it an ideal humidity sensor for many applications. For example, in 2016, 

Ahmad [15] et al. pulled a common single-mode fiber (SMF-28) into a micro-nano fiber with a diameter of 4.04 μm. On this basis, 
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the micro-nano fiber was made into a micro-nano fiber ring resonator (MLR) and covered the surface of MLR with GO film. The 

sensitivity is 0.0537 nm/%RH in the range of 30 % to 50 % RH. However, the ring resonant cavity humidity sensor prepared based 

on micro-fibers has a complicated preparation process and is not conducive to the coating of humidity-sensitive materials, which 

limits the improvement of its sensitivity. In addition, the limitation of measurement types caused by cross-sensitivity has always 

been a problem that plagues the integration of optical fiber sensing systems. The multimodal method [16] is an effective method 

to solve the cross-sensitivity problem. However, the number of resonance peaks with different sensitivities is limited, and the merit 

value is low, resulting in low measurement types and resolution. Therefore, there is an urgent need for a humidity sensor with 

small effective sensing volume, low-temperature crosstalk, and high FoM. 

Based on previous research, this paper designs and manufactures a micro-bottle resonator humidity sensor using polymer 

material (Loctite 3525) composite GO film. Loctite 3525 is a commercial UV-sensitive material that cures to a depth of 1 cm at 

low irradiance (30-50 mW/cm2) at 365 cm. The total light transmittance of the material after curing is greater than 99 %, and the 

transparency is close to that of optical glass, so it is very suitable for micro-resonators. By combining with GO, humidity sensing 

with a sensitivity of 0.161 nm/%RH is realized. In addition, the high-temperature annealing technology (300 ℃) eliminates the 

influence of temperature on the RH sensor and achieves the purpose of temperature insensitivity, thereby improving the accuracy 

of humidity measurement. The designed humidity sensor has the advantages of high Q-factor, high-sensitivity, and low-

temperature crosstalk. It has certain application prospects in analytical chemistry, environmental monitoring, and other fields. 

2. Theoretical analysis 

 
Fig. 1. Schematic diagram of the structure of the micro-bottle resonator 

 

The micro-bottle resonator satisfies the cylindrical symmetry distribution (Fig. 1). Considering the mode distribution 

characteristics, the solution needs to be carried out in a cylindrical coordinate system. First, we perform numerical modeling on 

the micro-bottle cavity structure. Assuming that the cavity shell is parabolic: 

𝑅(𝑧) ≈ 𝑅0 (1 −
1

2(∆𝐾 ∙ 𝑍)2
) (1) 

Where 𝑅0 is the maximum radius of the cavity at Z = 0, which ∆𝐾 is the curvature of the cavity profile. The electric and magnetic 

fields follow the Helmholtz equation: 

(𝛻2 + 𝑘2) ∙ �⃑� = 0  

(𝛻2 + 𝑘2) ∙ �⃑⃑� = 0 (2) 

In cylindrical coordinates, the Laplacian has the following form: 

𝛻2 =
1

𝑟
𝜕𝑟 + 𝜕𝑟

2 +
1

𝑟2
𝜕𝜙

2 + 𝜕𝑧
2 (3) 
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Since the radius of the micro-bottle resonator in the axial z-direction is very small, it satisfies dR/dz≪1. The propagation wave 

vector kr in the radial component is negligible relative to the other two directions. The projection component in the z-direction is 

a constant value, there is 𝜕𝑧𝑘𝜑(𝑧)𝑅(𝑧) = 0 . The propagation wave-vector will disappear at a special position in the axial 

component. This position is recorded as ±Zc, which is called the axial cutoff point 𝑘𝑧(±𝑍𝑐) = 0. The components of k in the other 

two directions are converted to: 

𝑘𝜑(𝑧) =
𝑘𝑅𝑐

𝑅(𝑧)
(4) 

𝑘𝑧(𝑧) = ±𝑘√1 − [
𝑅𝑐

𝑅(𝑧)
]
2

(5) 

Approximately under adiabatic conditions, separating the variables of the wave equation, according to formula (2), the 

Helmholtz equation can be further rewritten as: 

(𝛻2 + 𝑘2) ∙ 𝜙(𝑟, 𝑅(𝑧))𝑍(𝑧)𝑒𝑖𝑚𝜙 (6) 

Where 𝜙(𝑟, 𝑅(𝑧)) is the radial wave function, and 𝑍(𝑧) is the Z-direction (axial) wave function. Separate the variables of the 

equations to obtain the radial wave equation and the axial wave equation respectively. When they are solved separately, we can 

get: 

𝛷𝑚(𝑟, 𝑧) = {

                   𝐴𝑚𝐽𝑚(𝑘𝜑𝑟)             , 𝑟 < 𝑅(𝑧)

𝐻𝑚
(2)

(
𝑘𝜑𝑟

𝑛
) + 𝐵𝑚𝐻𝑚

(1)
(
𝑘𝜑𝑟

𝑛
) , 𝑟 > 𝑅(𝑧)

(7) 

In the formula, ∆𝐸𝑚 = 2𝑚∆𝑘/𝑅0, where 𝐻𝑚
(1,2)

 is the Hankel function, 𝐴𝑚, 𝐵𝑚 is the coefficient determined by the boundary 

continuity condition. 𝐻𝑞  is the Hermitian polynomial of order q, 𝐶𝑚𝑞 = [∆𝐸𝑚/(𝜋22𝑞+1(𝑞!)2)]1/4. At this point, we have obtained 

the axial and radial field distribution of the micro vial cavity. If you need to further obtain the TE (TM) mode distribution, apply 

boundary continuity conditions (𝐻𝑧 , 𝐸𝜙(𝐻𝜙, 𝐸𝑧)) and its derivatives to obtain their resonance conditions, and then bring them 

back to eqs. (1) and (2). 

 
Fig. 2. (a) GO molecular structure (b) GO interacting with water molecules 

 

GO is a two-dimensional material with a honeycomb structure (Fig. 2(a)), and the large oxygen-containing functional groups 

(such as -COOH and -OH) are covalently bonded between layers or on the boundary so that GO has good dispersibility and 
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hydrophilicity. Studies have shown that water molecules play a key role in maintaining the layered structure of GO. Through 

neutron scattering experiments, it is more certain than the water molecules are through the interaction between the oxygen in the 

epoxy groups on the surface of GO and the hydrogen bonds in the water molecules [17]. And the physical adsorption caused by 

van der Waals forces and hydrogen bonds ensures that water molecules are adsorbed and fixed on the surface of the GO film (Fig. 

2(b)). In addition, there are more active carriers on the surface of the GO film, which can easily adsorb water molecules, and the 

adsorbed water molecules will become the carriers of the next layer [18]. As the ambient RH increases, the formants also change. 

This can be explained that when the surrounding RH increases, the GO coating absorbs more water from the environment, 

increasing the distance between the GO layers [19]. In addition, charge transfer occurs between the GO film and water molecules 

reducing the effective RI of the GO coating [20]. These two factors together lead to changes in light absorption, which in turn 

affect the intensity and wavelength shift of the light field. 

3. Fabrication of the sensor 

 The method for manufacturing a bottle-shaped resonator is shown in Fig. 3. Firstly, prepare a piece of standard single-mode 

fiber (SMF-28e, Corning) as a bracket and place it on two three-axis translational stages. Then, a polymer solution was coated onto 

the optical fiber, and the polymer will reflow into the shape of a micro bottle. This behavior depends on the performance parameters 

of Loctite 3525 itself (Table 1). Finally, it was cured with Ultraviolet light (SPCM-0800, China), and the temperature control box 

was heated (about 300 ℃ and 10 seconds). After the stable micro-bottle cavity structure is formed, its surface morphology needs 

to be further processed by thermal reflow technology. By reheating the polymer to a micro-melt state, the processing defects on 

the surface are repaired, and the surface form GO nano-film on the surface of the micro-cavity and dry (30℃) for about 4 hours 

finish is improved, to achieve the purpose of reducing the transmission loss of the polymer and improving the performance of the 

resonant cavity [21]. 

 
Fig. 3.  UV curing and high-temperature thermal reflow device 

 

 
 

To further realize humidity sensing, a GO film was fabricated on the surface of the micro-bottle resonator using the modified 

Hummer method [22]. The process is shown in Fig. 4: 

Ⅰ. Micro-bottle resonator was cleaned with alcohol before coating; 

Ⅱ. GO is dispersed in the solvent of deionized water by ultrasound, the GO solution with a concentration of about 0.001, 0.01 

and 0.1 mg/ml are centrifuged in ultrasound for 30 min (70 ℃) and obtain uniform GO crystal suspension;  

TABLE 1 

PROPERTIES VALUES OF POLYMER MATERIALS 

Polymer 

material 

Sensitivity 

RI 
Viscosity 

(cps) 

Hardness 

(Shore) 

Young’s modulus 

[mpa] 

Elongation 

(%) 

Thermal expansion 

coefficient (ppm/℃)  

Loctite3525 1.51 15000 DA68 25 160 120 
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Ⅲ. Then the micro-bottle resonator was impregnated with GO solution for 0.5 h; 

Ⅳ. To obtain a uniform solid GO nano-film, a micro-bottle resonator was dried in a drying oven at 30 ◦C for 4 h. 

Different from the quartz crystal microbalance sensor based on GO film [23], the thickness of GO nano film coated by the 

evanescent wave optical sensor is relatively thin. Stirring or sonication can get a uniform and stable GO dispersion liquid for the 

good dispersibility of GO in water. Three different low concentrations GO dispersion liquid (0.001, 0.01 and 0.1 mg/ml) were 

prepared by stirring or sonication, which were drop coated on the surface of micro-bottle cavity to form GO nano-film. Field 

emission scanning electron microscopy (FESEM, FEI Nanosem 450*) images of micro-bottle cavity coated with 0.001, 0.01 and 

0.1 mg/ml GO are shown in Fig. 5. 

 
Fig.4. The manufacturing process of GO film 

 

 
Fig. 5. SEM images of the micro-bottle cavity coated with GO (a) 0.001 mg/ml (b) 0.01 mg/ml (c) 0.1 mg/ml. 

4. Experimental results and analysis 

A fiber-optic tapered wave-guide coupling system was built to test the resonant spectral characteristics of the micro-bottle 

resonator, as shown in Fig. 6. The coupling between the micro-cavity and wave-guide fiber is precisely controlled by two three-

dimensional adjustment frames (MBT610D) with a resolution of 50 µm/rev (300 µm Range). Use a CCD (AO-UV200) to observe 

the position between the tapered fiber and micro-bottle resonator.  Then, the light emitted by the light source (BBS, ASE-C-30-

B, Hefei Max-ray Photonics) is coupled into the micro-cavity by wave-guide fiber. The output optical signal was recorded by a 
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spectrometer (OSA, Yokogawa AQ6370D). Fine-tune the position between the micro-cavity and wave-guide fiber, and 

encapsulate it when an ideal and stable transmission spectrum is obtained. 

Fig. 6. Wave-guide coupling and encapsulation.

Using the tapered fiber wave-guide coupling with a taper waist diameter of 2.4 μm, the micro-bottle resonator with 

dimensions R0 = 520 μm, L = 875 μm was tested. When the coupling point of the fiber tapered waveguide is located in the 

center of the micro-bottle resonator, the excited resonance spectrum is shown in Fig. 7(a). It can be seen that due to the 

existence of radial mode and axial mode in the micro-bottle resonator, the light takes a spiral route in the micro-bottle 

resonator, and the azimuthal mode will appear degenerate, so the resonance spectrum of the micro-bottle resonator is 

extremely dense. The free spectral range (FSR) between two adjacent mode numbers is marked in the figure, which is about 

1.33 nm. The FSR is inversely proportional to the radius of the micro-cavity, and the larger the size, the smaller the FSR. 

When the micro-cavity is used for sensing applications, it is usually desirable to obtain a large FSR to increase the detection 

range in sensing applications. In addition, the Q-factor is a key parameter to measure the resonant performance of a resonator, 

and it is also a manifestation of the energy storage capacity of the resonator. This value is related to the optical energy stored 

in the resonator and the optical power loss when the light rotates a circle inside the resonator. Generally, the Q-factor can be 

obtained by calculating the half-maximum value (FWHM) in a specific experimental measurement [24], and the calculation 

formula is as follows: 

𝑄 =
𝜆

𝐹𝑊𝐻𝑀
(9) 

 The experimentally measured transmission spectra of the micro-bottle resonator at different concentrations (0.001 mg/ml 

and 0.5 mg/ml) are shown in Fig. 7(c) and (d), and the peak fitting was performed with Lorentzian profiles. Its optical mode 

FWHM From 0.03 nm to 0.27 nm, the corresponding optical quality factor decreases from 5.326×104 to 5.9×103, that is, the 

Q-factor decreases with the increase of graphene concentration, and its downward trend is shown in Fig. 7(b). The results 

showed that even at a very high concentration (>0.5 mg/ml), the Q-factor was reduced by only one order of magnitude. This 

makes GO a very suitable moisture-sensitive material for this micro-bottle resonator. 
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Fig. 7. (a) Transmission spectrum of Loctite 3525. (b)-(d) Q-factor corresponding to different GO concentrations. 

 

Three different concentrations of GO (0.001, 0.01, and 0.1 mg/ml) solutions were prepared using the same micro-bottle 

chamber samples for humidity measurement. The experimental setup of the humidity test system is shown in Fig. 8. The 

sensor was fixed on the shelf of a programmable humidity test box (ST-80L, Xiamen Yishh Instrument Co. Ltd.) to ensure 

the stability and mechanical properties of the fiber structure. The chamber is thermoelectrically controlled to ensure 

measurement at a constant temperature. Both ends of the sensor go out of the chamber via optical fibers and connect to the 

BBS and OSA connections. Data were recorded for each humidity gradient spectrometer to study the relationship between 

center wavelength and humidity. 

 

 
Fig. 8. Schematic diagram of the RH experimental setup. 

 

Figures 9(a)-(c) show the transmission spectra of the three samples with the change of the RH of the external environment. It 

can be seen from the figure that when the RH of the external environment increases, the resonance wavelengths of all three samples 

were red-shifted. This is due to the increase in the RH, the water molecules occupy the effective active sites of the GO films. The 

layer of water molecules adsorbed on the surface of the GO film gradually exhibits the properties of liquid water. Water molecules 

penetrate the middle layer of the GO film, increasing the distance between the GO layers. In addition, the absorption of water 
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molecules leads to charge transfer between the GO film and the water molecules. When the water molecules are adsorbed to the 

epoxy groups, the charge density between the hydrogen atoms in the water molecules and the oxygen atoms of the epoxy groups 

increases. Meanwhile, the carbocyclic ring connected to the hydroxyl group also has a small amount of charge transfer, and there 

is also a charge increase in the benzene ring region below the OH bond of the water molecule. The interlayer distance and dielectric 

constant variation of GO films can affect the effective RI through evanescent waves propagating in the micro-bottle cavity, 

resulting in a wavelength shift of the interference fringes during transmission. During the process of increasing the humidity 

from 20% RH to 80% RH [Fig. 9(d)], the corresponding microcavities with three different concentrations of 0.001, 0.01 and 

0.1 mg/ml, the sensitivities were 0.04, 0.161 and 0.068 nm/%RH, respectively. The experimental results show that the 

humidity sensitivity brought by different concentrations of GO is slightly different. In the same conditions, the sensitivity of 

the sensor first increases and then decreases with the increase of the thickness of the humidity-sensitive film. The greater the 

wavelength change, the higher the sensitivity. However, when the thickness of the humidity-sensitive film exceeds a certain 

thickness, although the thicker the humidity-sensitive film can absorb more water molecules, the transmission of external 

water molecules to the interior of the humidity-sensitive film is affected by the thickness [25], which makes it difficult for 

the light beam transmitted inside the humidity-sensitive film to respond to the external humidity change information, and 

the sensitivity of the sensor decreases. It can be seen that when the GO concentration is about 0.01 mg/ml, the RH sensitivity 

in the range of 20% RH to 80% RH is the largest, and the maximum sensitivity is -0.161 nm/% RH. In addition, the sensor 

before coating GO was measured, and the interference peak hardly moved with the increase of humidity. This is due to the 

weak influence of the change of RI around the sensor area on the evanescent field.  

In most sensors, sensitivity (S) and FoM are important parameters to evaluate their sensing performance. In actual 

sensing applications, the narrow line-width resonance dip is conducive to accurate detection. Therefore, the FoM coefficient 

is more meaningful than the S coefficient. Can be expressed as: 

𝐹𝑂𝑀 =
𝑆

𝐹𝑊𝐻𝑀
(10) 

Compared with the traditional optical fiber sensor structure, the WGM has a good Q-factor and can achieve a relatively high 

FoM (2.01/%RH). Such as, in 2020, Petra Urbancova et al. [26] proposed a new guided-mode resonance (GMR) humidity 

sensor based on the use of a planar waveguide structure (PWS), with an FoM of 3.7×10−3/%RH. In 2021, Zixian Hu et al. 

[27] an ultra-small fiber-optic microprobe Fabry-Perot interferometer (FPI) RH sensor is proposed, with FoM~0.95/%RH. 



 9 

 
Fig. 9. (a)-(c) The changing trend of the transmission spectrum with humidity (0.001, 0.1, and 0.01 mg/ml (GO)) (d) The 

linear fitting results of different concentrations of GO. 

 

Temperature crosstalk is generally associated with humidity measurements, so the structure was temperature tested. The 

experiment compared the spectra of the sensor before and after annealing at 25-29 °C [Fig. 10(a) and (b)]. The temperature 

response sensitivity before and after annealing is 0.793 nm/℃ and 0.068 nm/℃, respectively, significantly reducing the 

temperature sensitivity of the sensor. This property may be related to the structure of the material itself, according to the 

Material Safety Data Sheet (MSDS), Loctite 3525 is an acrylic resin [28]: including polyurethane methacrylate resin, 

hydroxyethyl methacrylate, methacrylate, and diphenyl-2, 4, 6-trimethyl benzyl. These substances are divided into two free 

radicals during the polymerization process and then incorporated into the polymer as chain ends. High-temperature annealing 

eliminates the unsaturated double bonds at the head and end of the unstable structure of acrylic resin polymer, thereby 

improving the thermal stability of the sensor [29]. Moreover, the humidity response characteristics of the sensor at different 

temperatures (25 °C and 35 °C) were investigated experimentally. When the GO concentration was 0.01 mg/ml, the 

sensitivity was 0.161 nm/%RH and 0.167 nm/%RH, respectively [Fig. 10(c)]. The increased sensitivity of the GO sensor is 

possibly due to the increase in absolute vapor pressure with increasing temperature, thus adsorbing more water molecules 

[30]. Since the thin films we form using low concentrations of GO are relatively thin, temperature changes have less effect 

on humidity sensing. 
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Fig. 10 (a) The spectral response of the resonator in the temperature range of 25-29 ℃ was measured; (b) The 

temperature sensitivity of the sensor before/after annealing; (c) The humidity response at different temper. 

 

 For Loctite 3525, compared with other humidity sensors based on WGM reported in the literature. In a larger humidity 

measurement range, it is Shows excellent performance, as shown in table 2. 

 

5. Conclusion  

This paper proposed a micro-bottle resonator made of polymer (Loctite 3525) by UV curing and high-temperature treatment. The 

surface of the micro-bottle resonator is coated with a layer of GO film and realizes high sensitivity humidity sensing. High Q-

factor (104) transmission spectrum obtained through the straight wave-guide coupling of micro-fiber. The micro-bottle resonator 

exhibits a high RH sensitivity of 0.161 nm/%RH and good stability in RH sensing with optimizing the concentration of the dip 

impregnation GO solution. The extremely narrow line-width of WGM improves the FoM of the sensor, which reached 2.01/%RH. 
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TABLE 2 

PERFORMANCE OF OTHER RH SENSORS REPORTED. 

Structure Material 
Measurement 

range(%RH) 

Sensitivity 

(nm/%RH) 
Ref. 

Micro-toroid (WGM) Silica and pNIPAAm - 0.012 [31] (2013) 

Micro-cavity (WGM) 
Roll up Polymer/oxide/polymer 

nanomembranes 
5-97 0.13 [32] (2014) 

An embedded silica optical 

microfiber knot resonator 
Nafion 

30-45 0.11±0.02 
[33] (2014) 

45-75 0.29±0.01 

Micro-disk (WGM) SU-8 polymer 
0-5 0.078 

[34] (2017) 
45-50 0.023 

Micro-sphere (WGM) Silica and Agarose hydrogel 1-25 0.0007 [35] (2018) 

Fabry–Perot interferometer 

and Bragg grating (FBG) 
polyimide (PI) 35-65 0.986 [36] (2018) 

Micro-spheres (WGM) PMMA - 0.047 [37] (2018) 

Microfiber  

knot resonators (MKRs) 
GO 0-80 0.0104 [38] (2018) 

Microfiber  

knot resonators (MKRs) 
Not Available 28.6-53.4 0.01 [39] (2019) 

Micro-sphere (WGM) ZnO 35-85 0.014 [40] (2021) 

Micro-bottle (WGM) Locatite3525 and GO 22-81 0.16 This paper 
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The thermal stability of polymer materials is improved by high-temperature treatment, the temperature sensitivity of the micro-

bottle resonator is reduced by an order of magnitude which humidity sensing with low-temperature crosstalk is realized. The 

proposed sensor design has the advantages of higher sensitivity, better stability, simpler structure, and low-temperature crosstalk, 

and has certain practical application prospects.
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