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A High Sensitivity Temperature Sensor Based on Packaged Microfibre 

Knot Resonator 

A novel temperature sensor has been proposed based on microfibre knot resonator 

packaged by polydimethylsiloxane (PDMS). Owing to the high thermal expansion 

and thermo-optic coefficients of PDMS, the resonant wavelength shifted obviously 

along with the changing of temperature. The experimental results indicated the 

approximate linear temperature sensing performance in the range of 24‒38 ℃ and 

40‒54 ℃, with the high sensitivities of 1.408nm/ ℃ and 0.973 nm/℃, respectively. 

Due to its excellent performances and easy fabrication process, the temperature 

sensor will be the promising candidate for monitoring the stability of air condition 

and organism. 

Highlights 

 1. A compact sensor chip based on MKR packaged by PDMS was proposed; 

 2. The temperature sensing characteristics has been experimentally demonstrated; 

 3. The detection sensitivity is experimentally demonstrated as 1.408nm/℃. 

A High Sensitivity Temperature Sensor Based on Packaged Microfibre Knot Resonator  

( 

Abstract) 

A novel temperature sensor has been proposed based on microfibre knot resonator 

packaged by polydimethylsiloxane (PDMS). Owing to the high thermal expansion 

and thermo-optic coefficients of PDMS, the resonant wavelength shifted obviously 

along with the changing of temperature. The experimental results indicated the 

approximate linear temperature sensing performance in the range of 24‒38℃ and 

40‒54℃, with the high sensitivities of 1.408nm/℃ and 0.973nm/℃, respectively. 

Due to its excellent performances and easy fabrication process, the temperature 

sensor will be the promising candidate for monitoring the stability of air condition 

and organism. 

Keywords: Fibre sensors; Optical sensing and sensors; Optical resonators. 
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1. Introduction 

Some compact and robust sensors, including the optical microfibre/nanofibre (MNF) 

based sensors, have aroused a wide interest and proverbially studied due to their good 

selectivity, high sensitivity, non-intrusive features, and fast response time (1-3). The 

unique advantages of MNF resonant ring sensors, such as small size, anti-interference, 

quick response, high resolution, low detection limit and high sensitivity (4-8), have 

promoted their enormous potential applications in measuring refractive index (RI), 

temperature, bio-chemical analyte, current, displacement, force, electric field, and 

magnetic field (9-12). Light can transmit through the MNF in a form of evanescent wave 

to highly sense the variation of surrounding environment (13, 14). In a typical MNF 

resonant ring, the light will be split into two parts. Where one part transmits along the 

ring fibre, then interferes with another part transmitted in the bus fibre. When the external 

parameters changes, both the effective RI and the length of the MNF ring change 

accordingly, resulting in the shift of resonant wavelength (15). The corresponding 

changes thus can be obtained. Among different kinds of MNF resonating rings, the micro-

loop resonator (MLR), micro-knot (MKR) resonator and micro-coil resonator (MCR) 

have been mainly studied (16). Being the most simple and unstable structure, MLR can 

be fabricated by self-coupling method. MCR is usually combined with microfluidics 

technology to measure biological and chemical analyte. In comparison with MLR and 

MCR, MKR is an excellent MNF ring resonator due to its stable performances and 

adjustable free spectral range (FSR). Xu et al. (17) demonstrated a compact MKR 

temperature sensor with a sensitivity of 0.28 nm/℃. Yang et al. (18) designed a seawater 

temperature sensor based on a MKR and obtained a sensitivity of 22.81 pm/℃.  

In this paper, we proposed a novel temperature sensor based on MKR packaged 

by polydimethylsiloxane (PDMS). A higher sensitivity, better stability and repeatability 
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performance than those of the bare MKR were experimentally obtained. Compared with 

the temperature sensors based on other fibre structures, such as fibre coupler, fibre Bragg 

grating, Sagnac interferometer, Fabry-Perot interferometer, microfiber taper and high-

order modes interferometer, this temperature sensor has the advantages of small size, 

simple manufacture, compact structure, low cost, easy to carry and convenient to integrate 

with other fibre systems. 

2. Theoretical analysis 

Firstly, the MNF ring splits the light into two parts and produces the resonance 

enhancement effect. One part of light resonates in the ring fibre and builds a harmonic 

electromagnetic field, while the other part transmits along the bus fibre directly and 

couples with the resonating light. The resonance frequency is determined by the 

condition: 2πRneff=mλm, neff  is the effective index of microfiber and R is the radius of 

MKR. FSR is given as λ2/ngL (19), λ is the wavelength, ng is the mode propagating index 

in the microfiber, and L is the loop length. When the external temperature changes, the 

loop length L and mode propagating index ng vary accordingly, results in the peak shift 

of resonant wavelength. The relative variation can be expressed as Δλ/λ = (ΔL/L+Δn/n) 

temp = [αs+1/ns(dns/dT)+αp+1/np(dnp/dT)]ΔT, αs and αp are the thermal expansion 

coefficients of microfiber and PDMS, respectively. Here, αs can be ignored because αs 

and αp are ~5.5×10-7 and ~3×10-4, respectively; dns/dT and dnp/dT are the thermo-optic 

coefficients of microfiber and PDMS, which are ~1.1×10-5 /℃ and ~-5×10-4 /℃, 

respectively. The effect of the external refractive index and the length of resonant ring on 

transmission spectra was simulated by R-soft, where the diameter of microfiber 

maintained as 0.2 μm and the length of the resonant ring changed from 1.6 μm to 1.9 μm. 

As the length increasing, the bigger wavelength blue shift has been revealed with a factor 
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of 55.25nm/μm.  The big thermal expansion coefficient of PDMS (~3×10-4) resulted a 

high temperature sensitivity. When the diameter of microfiber and the resonant ring were 

fixed as 0.2 μm and 1.6 μm, respectively, the wavelength blue shift was observed with 

the decrease of the external refractive index. This result was contributed to the big and 

negative thermo-optic coefficients of PDMS (~-5×10-4 /℃). From the theoretical results, 

it is concluded that the introduction of PDMS coating layer can significantly improve the 

sensitivity of MKR temperature sensor. For a thicker microfiber (0.4μm) with the same 

length (1.6μm), the refractive index sensitivity reduced from 81nm/RIU to 45nm/RIU. 

Therefore, the sensitivity of this MKR temperature sensor can be further improved by 

using a thinner microfiber in the future work. 

3. Experiment setup 

In experiment, a uniform microfiber with a diameter of 10.26 µm was fabricated from the 

standard single mode fibre (SMF) with a two-step stretching method reported earlier (20). 

The prepared microfiber was cut into two sections with free ends and fixed on the 3D 

fibre adjustments. A tungsten probe was used to knot the free end of microfiber into a 

ring structure under microscope. The micrograph of knot region is shown in Fig.1 (a). 

By micro-pulling the free end of knot structure, the diameter and corresponding 

FSR could be manipulated easily. The MKR structure is stable due to the Vander Waals 

force and static electricity between MNFs. In experiment, a MKR with the diameter of 

4.5 mm was prepared. Both the SMF tapers and the MKR were placed on an MgF2 

substrate (RI ~1.37, results in a low optical loss) and micro-manipulated by 3D fibre 

adjustment (precision: 0.1 μm). PDMS is a kind of high transparent elastomer with low 

toxicity. The PDMS solution was prepared by mixing the basal component and the 

hardener component with a ratio of 10:1. The mixture has been standing quietly for two 
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hours to eliminate air bubbles. The MKR structure immersed by PDMS solution has been 

cured at 80 ℃ for three hours. A thin layer of PDMS (~30 μm) was finally coated. Both 

ends of MKR were immobilized with UV glue to further enhance the stability. The light 

signal emitted by the amplified spontaneous emission (ASE) source was launched into a 

SMF taper (named input SMF taper), then coupled into MKR by the evanescent coupling 

method. The transmission optical signal was received by the optical spectrum analyzer 

(OSA) through another SMF taper (named output SMF taper). The schematic diagram 

was shown in Fig. 1. To characterize the optical confine performance, the 632.8 nm laser 

was launched into the MKR structure, as shown in Fig. 1 (b). The inset shows the enlarge 

micrograph of the ring section. In addition to the scattering on the edge of MgF2 substrate, 

the light was confined inside the MNF and transmitted through effectively. 

4. Experimental results and discussion 

To explore the temperature sensing performance, a water bath kettle and a thermocouple 

were used to promise a constant temperature environment. When the temperature 

increased continuously from 24 ℃ to 38 ℃ by a step of 2 ℃, the sensing performance was 

determined by tracing the resonant dip in the transmission spectra, as shown in Fig. 2 (a). 

The resonant dip blue-shifted with the increase of the external temperature during the 

wavelength region less than one FSR. The sensitivity of 1.408 nm/℃ was obtained during 

heating process. When the external temperature decreased from 38 ℃ to 24 ℃ by a step 

of 2 ℃, the same resonant dip red-shifted with a sensitivity of 1.469 nm/℃. As shown in 

Fig. 2 (b), a slight hysteresis error was observed between heating and cooling process 

attributed to the restriction of some experimental conditions, such as the measuring 

exactness, instability distribution of temperature, and the uniformity or smoothness of 

MNF.  
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To verify the stability and repeatability, other twice experiments were carried out 

under the same conditions. The resonance wavelength was recorded during heating 

process from 24 ℃ to 38 ℃ by a step of 2 ℃. Three groups of experimental data and the 

corresponding linear fitting curves were illustrated in Fig. 3. The sensor shows a 

remarkable stability and the small difference in sensitivity caused by the random noise 

during experiment. In addition to the experiment result presented earlier in Fig. 2, the 

sensitivities of 1.413 nm/℃ and 1.406 nm/℃ were obtained for two other heating process 

from 24 ℃ to 38 ℃, while the sensitivities of 1.458 nm/℃ and 1.464 nm/℃ were observed 

during cooling process from 38 ℃ to 24 ℃. The experimental results indicated that this 

packaged MKR structure performed the high sensitivity of more than 1.4 nm/℃ with a 

good linearity in the range of 24–38 ℃. Due to the 20 pm resolution of OSA used in this 

work, the temperature sensing accuracy could be limited less than 0.014 ℃, which was 

more excellent than some commercial temperature sensors. The temperature sensing limit 

can be enhanced further less than 0.008 ℃ by using the demodulator with a higher 

resolution (<10 pm). The outstanding sensing performance enables its promising 

application in monitoring the stability of air condition and organism. However, when the 

temperature increased continually from 40–54 ℃, the sensitivity would be limited by the 

thermal expansion effect of PDMS, which also resulted a worse linearity. As shown in 

Fig. 4, the poorer sensitivities of 0.973 nm/℃ and 0.956 nm/℃ were experimentally 

revealed. It was found that this temperature sensor was more sensitive in 24→38 ℃. 

Furthermore, the sensitivity maybe improved further by diminishing the diameter of 

MNF, reducing the ring diameter of MKR, and introducing some functional materials 

with excellent thermal expansion properties. Moreover, the packaging process could be 

optimized by coating another transition film on the PDMS to expand the working range. 

To explore the stability of the temperature sensor, we monitored the location of the 
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resonance dip using spectrograph for five different constant temperature values, including 

30.2 ℃, 35.35 ℃, 40.36 ℃, 44.23 ℃ and 47.2 ℃. Ten locations were continuously recorded 

with an interval of 5 minutes for each value, as indicated in Fig. 5, where the resonance 

wavelength was demonstrated with an excellent stability performance (floating range 

<0.01 nm). 

5. Conclusion 

In conclusion, a PDMS-packaged MKR structure has been prepared. The temperature 

sensitivity was demonstrated significantly to be up to 1.408 nm/℃ during the heating 

process of 24→38 ℃, and 1.469 nm/℃ in the cooling process of 38→24 ℃. Furthermore, 

the sensitivities of 0.973 nm/℃ and 0.956 nm/℃ were experimentally verified during the 

processes of 40→54 ℃ and 54→40 ℃, respectively. Due to its compact size, low cost and 

stable layout, the proposed MKR temperature sensor provides a potential way to fabricate 

the independent sensor probes or chips. And the sensing performances can be effectively 

improved by encapsulating with functional materials and adjusting morphology 

parameters. 
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Figure captions: 

Figure 1. Schematic diagram of experimental setup for temperature measurement. (a) is 

the micrograph of knot region; (b) is the photograph of MKR lighted by 632.8nm laser 

on a MgF2 substrate. 

Figure 2. (a) Transmission spectra of fabricated MKR for temperature ranges from 24℃ 

to 38℃. (b) Single resonant wavelength changes as a function of temperature from 24℃ 

to 38℃ (black) and 38℃ to 24℃ (red), respectively. Dots and solid lines refer to 

experimental and numerical fitting results, respectively. 

Figure 3. Three experimental sensing curves from 24℃ to 38℃ under same condition. 

Figure 4. (a) Transmission spectra of fabricated MKR for temperature ranges from 40℃ 

to 54℃. (b) Single resonant wavelength changes as a function of temperature from 40℃ 

to 54℃ and 54℃ to 40℃, respectively. The black dots and the red dots represent the 

experimental data in 40℃ to 54℃ (black) and 54℃ to 40℃ (red), respectively. Dots and 

solid lines refer to experimental and numerical fitting results, respectively. 

Figure 5. Temperature sensing stability for five different constant temperature values: 30.2 ℃, 

35.35 ℃, 40.36 ℃, 44.23 ℃ and 47.2 ℃. 
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 14 / 17 

 

Figr-2  
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Figr-3  
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Figr-4  
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