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A B S T R A C T   

In this paper, a Fabry-Pérot interferometer microprobe was constructed based on microfiber taper and hollow 
microfiber cone cavity. The interference cavity length of the Fabry-Pérot structure can be flexibly changed by 
moving the microfiber taper in the hollow microfiber. Polydimethylsiloxane solution was filled into the air cavity 
of the Fabry-Pérot interferometer to build a Fabry-Pérot temperature-sensitive microprobe with a stable structure 
by coaxially fixing the microfiber taper in the hollow fiber. The temperature sensitivity reached up to 2.41 nm/ 
◦C. The triple-repeated measurements and stability tests were experimentally verified with an excellent sensing 
performance. This small, compact, and end-sealed temperature-sensitive probe will push forward the develop
ment of wearable or implantable sensors.   

1. Introduction 

Temperature monitoring is essential in the fields of industrial pro
duction, biochemical reaction, and environmental safety [1,2]. Because 
of its small volume, light weight, electronic magnetic resistance, and 
high performance, the optical fiber temperature sensor occupies an 
irreplaceable position for determining the physical or chemical param
eters in extreme and complex environments, such as small spaces and 
flammable and explosive environment [3]. In recent years, a variety of 
optical fiber temperature sensors have been demonstrated with the ul
trahigh sensitivity and environmental adaptability. Fiber Bragg grating 
and long period grating become the most promising fiber sensors due to 
their good repeatability in preparation, stable structure, easy to 
demodulate and network. But the sensitivity was limited ~0.02 nm/◦C, 
many sensitive material and complex encapsulation method were 
introduced to improve the sensing performance [4,5]. 

A special structure was designed to convert the temperature to the 
curve change of the polymer fiber, in which a temperature sensitivity of 
1.04 × 10− 3 ◦C− 1 was obtained for the temperature range up to 110 ◦C 
[6]. Some materials with high thermo-optic or thermo-expansion co
efficients were introduced to improve the sensing performance of optical 
fiber temperature sensors being filled into the fiber structure in the 
liquid form [7,8]. A D-shaped-hole, double-cladding fiber temperature 

sensor was proposed by employing an Au coating film and filling liquid 
to theoretically verify a high sensitivity of − 3.635 nm/◦C or even 42.99 
nm/◦C [9,10]. A higher sensitivity of − 9.0 nm/◦C was observed by 
combining a Sagnac loop interferometer with an indium-filled side-hole 
photonic crystal fiber (PCF) [11]. In another work, only a Sagnac loop 
was used to obtain a temperature sensitivity of 1.739 nm/◦C [12]. 
Although PCF has the promising multi-core structures enabling the gas- 
or liquid-filling process, it also increases the manufacturing difficulty 
and cost of the device. Thermo-sensitive materials in solid form are 
desired to ensure the stability of temperature sensors. 

By evaporating TiO2 film on the end face of single mode fiber (SMF), 
splicing another cut of SMF, and encapsulating them by poly
dimethylsiloxane (PDMS) to fabricate a Fabry-Pérot microcavity, a 
temperature sensitivity of 0.13 dB/◦C was experimentally demonstrated 
in the range of 22–60 ◦C [13]. Another similar temperature probe was 
designed to improve the response time (<0.09 s) and high-temperature 
(225 ◦C) working performance by splicing the multi-core fiber between 
SMFs [14]. The highest working temperature of >1500 ◦C was experi
mentally demonstrated by Tian et al. using a sapphire fiber extrinsic 
Fabry-Pérot interferometer [15]. Fabry-Perot interferometer can also be 
formed by fiber Bragg grating mirrors, resulting in the temperature 
resolution of 0.005 ◦C during 25–170 ◦C [16]. The composite fiber 
structures have the potential application for measuring muti-parameters 
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at the same time and solving the problem of temperature cross sensitive. 
Generally, the high-temperature working characteristics depend on the 
special processed optical fiber structures without the assistance of sen
sitive materials. These Fabry-Perot structures were emerge as the air 
holes on or through the optical fiber machined by the fs laser etching 
technology [17,18]; but the high-sensitivity characteristics are rely on 
sensitive materials, such as PDMS, which have been experimentally 
demonstrated in our previous works [19]. However, for a Fabry-Pérot 
structure with an open cavity, the temperature sensing characteristics 
are easily affected by the ambient humidity [20]. High resolution is 
required for the temperature precise controlling in the marine envi
ronment research, the chemical reaction of industrial manufacturing, 
the thermal deformation of optical system and the resource optimizing 
of precision agriculture [21]. 

In this paper, a reflected Fabry-Pérot interferometer temperature 
sensor with a closed end is proposed. The temperature sensitivity was 
improved by the thermo-expansion and elastic-optic effects of the so
lidified PDMS filled in the air cavity of the Fabry-Pérot structure. 

2. Microfiber Fabry-Perot interferometer temperature probe 
preparation 

The structure of the Fabry-Pérot interference sensor designed and 
studied in this work is mainly composed of a single-mode microfiber 
taper and a hollow-core fiber with a melted conical air cavity at its end. 
This structure is packaged with temperature-sensitive material, i.e., 
PDMS. The fabrication process mainly includes the fabrication of the 
microfiber taper, preparation of the conical air cavity at the end of the 
hollow fiber, the optimization of cavity length, and PDMS filling. 

The microfiber taper was made by the flame-scanning melt-drawing 
method using a multi-functional fiber-stretching machine (IPCS-5000- 
SMT). A microfiber with specific diameter and smooth surface can be 
obtained by controlling the temperature of hydrogen oxygen flame, 
heating region (scanning heating or fixed-point heating), and drawing 
speed. Then, the fixed-point cutting and fiber end-face observation were 
completed with the help of a homemade microscope-micromanipulation 
system. First, the hollow-core fiber was selected, having the outer 
diameter of 162 μm and the inner diameter of 100 μm (TSP160100, 
Polymicro). After removing the coating layer, the hollow-core fiber was 
placed into a fusion machine (Furukawa S178), in which the manual 
fusion model was used to adjust the discharge position at one end of the 
hollow-core fiber and discharge to obtain the conical cavity. The other 
end of the hollow-core fiber was cut to the proper length to facilitate the 
insertion of the microfiber taper. 

The conical cavity of the hollow-core fiber was filled with PDMS. 
After the solidification of the PDMS, the microfiber was fixed consis
tently with the central axis of the hollow-core fiber to complete the 
Fabry-Pérot interferometer. When the temperature changes, its cavity 
length will change due to the thermo-optic and elastic-optic effects, and 
the optical path difference will result in the shift of the interference 
spectrum. Therefore, the temperature can be demodulated by tracing 
the shift of the specified resonance peaks. 

To select the appropriate diameter and cavity length, four sensing 
structures with diameters of 20, 28, 36, and 44 μm were fabricated. The 
cavity length can be flexibly adjusted before PDMS solidification by 
moving the microfiber taper in the hollow core fiber. It was fixed at 30 
μm to explore the impact of microfiber diameter on the interference 
spectrum. By analyzing the reflection spectra of the Fabry-Pérot struc
tures with different microfiber diameters, as shown in Fig. 1, the 
diameter parameter was optimized by comparing the corresponding 
peak (dip) intensity, period number, and extinction ratio. The compar
ison results for the period numbers and extinction ratio (i.e., the ratio of 
the highest peak power to the lowest peak power) of the Fabry-Pérot 
reflection spectrum reveals that the interference spectrum exhibits sig
nificant clutter when the microfiber diameters are 20 and 28 μm. 
Furthermore, it is clear that the intensity (dB) varies with diameter 

inconsistently. This power uncertainty phenomenon is mainly affected 
by the end-face flatness of microfiber, which has a large randomness 
during the process cutting, because the fiber material becomes 
extremely brittle after the heating-melting treatment. The thinner mi
crofiber tapers excited more complex optical modes, leading to loss or 
enhancement of some optical signals with special wavelengths in the 
reflection spectrum. When the diameters of the tapered fiber were 36 
and 44 μm, the reflection spectrum quality and extinction became bet
ter. When a 44-μm microfiber taper was used, the extinction ratio and 
the spectral period numbers increase with cavity length (from 30, 60, 
and 90 μm to 120 μm). For the cavity length of 30 μm, the free spectrum 
range (FSR) was too wide, and only one resonance peak exists during the 
wavelength range of light source. It is difficult to determine the specific 
wavelength value of the peak value due to the wide pulse. Moreover, 
when the cavity length was longer than 60 μm, the period numbers were 
too large [that is, the FSR became narrowed], and the extinction ratio 
was worse. The final structural parameters for the microfiber diameter 
and cavity length were set as 50 and 40 μm, respectively. The fringe 
contrast is not high compared with that of hollow Fabry-Perot inter
ferometer due to the light reflection loss on the surface of the two re
flectors. It is promising to be improved by optimize the fabrication 
process of hollow fiber cone and microfiber taper to obtain a flatter 
surface. 

The temperature-sensitive material, i.e., PDMS, was used to encap
sulate the Fabry-Pérot structure. The PDMS solution was obtained by 
mixing main and curing agents at a ratio of 10:1 and was then filled into 
the conical air cavity of the hollow-core fiber. After the PDMS became 
solidified, the microfiber taper was fixed and lined consistent with the 
central axis of the hollow-core fiber to ensure the quality of the inter
ference spectrum. The microfiber Fabry-Pérot temperature probe was 
obtained with a fixed cavity length. During the fabrication process, the 
cavity length was precisely controlled by moving the microfiber taper in 
hollow fiber using our home-made micromanipulation system. The 
PDMS solution can be solidified quickly by placing it in a thermostat and 
heating at 80 ◦C for 1 h 

3. Temperature sensing experiment and results analysis 

As shown in Fig. 2, the experimental system mainly comprises an 
amplified spontaneous emission (ASE) light source (Golight 1550-nm 
ASE; wavelength, 1520–1610 nm), circulator, thermostat (Boxun BGZ- 
30; temperature range, room temperature to 250 ◦C), and 

Fig. 1. Interference spectra for Fabry-Perot structure with a fixed cavity length 
of 30 μm and microfiber diameters of 20 μm, 28 μm, 36 μm and 44 μm, 
respectively. 
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spectrometer (Yokogawa AQ6370; resolution, 20 pm). The temperature- 
sensor probe was placed in the thermostat. 

When the temperature rises or falls, the Fabry-Pérot cavity length 
and refractive index of the fiber core changes, and the spectrum moves 
to the right or left accordingly. The single-peak demodulation method 
was used to trace one interference dip of the spectra in the experiment to 
determine the relationship of the temperature as a function of wave
length location, as shown in Fig. 3, where the temperature changes from 
30 ◦C to 34 ◦C. 

With temperature increasing, the reflectance spectrum red shifted as 
a whole with the rate of ~2.4 nm/◦C. Because of the high temperature 
sensitivity, the temperature sensing performance will only be experi
mental demonstrated first during a short range. Since the FSR of the 
interference spectrum was less than 6 nm, the wavelength position of the 
specific interference peak (dip) must be selected and tracked to plot the 
temperature-response curve. When a characteristic peak (dip) value was 
tracked continuously over the entire wavelength range of the light 
source (90 nm), the continuous temperature change for ~30 ◦C can be 
determined, but it will take too long time for the increasing and 
decreasing process of temperature. In this experiment, the temperature 
range from 25 ◦C to 35 ◦C was calibrated by tracing one interference dip. 
The temperature sensor probe was heated first from 25 ◦C to 35 ◦C, and 
then cooled from 35 ◦C to 25 ◦C, with the corresponding sensitivities of 
2.41 nm/◦C and 2.42 nm/◦C, respectively. 

To verify the repeatability of the temperature sensor, three rounds of 
the increasing–decreasing process between 25 ◦C and 35 ◦C was 

experimentally carried out. As indicated in Fig. 4, the fitting curve re
veals that the interference spectrum undergoes a small drift during the 
temperature-decrease process. It is likely that the temperature of the 
sensor-probe position will be lower than the display temperature of the 
thermostat when it is cooled by the blast flow. However, the three fitting 
curves exhibit little difference in either sensitivity (Increasing process- 
IP, <0.078 nm/◦C; Decreasing process-DP, <0.243 nm/◦C) or return 
error (~0.469 nm). 

To further test the stability of the sensor, the temperature was 
frequency-changed between 30 ◦C and 33 ◦C to observe the fluctuation 
of the wavelength location of interference dip, as shown in Fig. 5. 

As both the temperature increasing and decreasing processes were 
very slow, only the stability of the wavelength location for the fixed 
temperature is demonstrated here. The experimental results cannot 
indicate either response or recovery time for the temperature sensor. For 
the fixed-temperature environment, the overall performance of the 
sensor was stable, with a power-fluctuation range of less than 0.34 nm. 
For most of the FP interferometer sensors, the cross sensitivity between 
the parameters must be discussed. Because most of Fabry-Pérot in
terferometers have an open cavity structure or a closed film that directly 
contacts with the external environment [22,23]. In addition to being 
sensitive to temperature, the sensitive materials or Fabry-Pérot struc
tures (for example, the encapsulated film) are susceptible to humidity, 
pressure, and vibration [24]. The proposed FP interferometer is 
completely encapsulated in the tapered hollow fiber. The microfiber is 
completely fixed by PDMS. Therefore, the cross sensitivity of other pa
rameters to temperature can be ignored in this experiment. 

Theoretically, the working range of the temperature sensor as 
designed will be − 50 ◦C to 200 ◦C, only limited by the temperature 
tolerance range of PDMS. The thermostat temperature can be controlled 
from room temperature to 250 ◦C. Therefore, the temperature-sensing 
performance of the proposed sensor was further experimentally 
demonstrated for the higher temperature. Fig. 6 show the temperature- 
sensing characteristic curves in the ranges of 25–125 ◦C. Because of the 
wide temperature range, it is necessary to select different characteristic 
interference peaks (dips) to calibrate the sensing performance in 
different intervals to complete the temperature measurement in the 
whole temperature range, where the corresponding resonance wave
length will be different. Therefore, in Fig. 6, the relative wavelength 
shift of the interference peaks (dips) was used to explain its depending 
relationship with temperature change. 

The sensitivity in the higher temperature region is slightly lower than 
that in the lower one. The sensor system exhibits good stability and 
sensing performance. When the temperature is over 115 ◦C, the sensi
tivity drops rapidly, and more modes turn out in the interference spec
trum, which will seriously interfere with the interference-dip tracking 

Fig. 2. Schematic diagram of experiment and microscope photo of tempera
ture probe. 

Fig. 3. Reflected spectrum changes as a function of temperature increasing 
from 30 ◦C to 34 ◦C. 

Fig. 4. Triple temperature-sensing characteristic curves of microfiber Fabry- 
Pérot sensor in increasing–decreasing process between 25 ◦C and 35 ◦C. 
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and temperature measurement. This can be attributed to the insignifi
cant thermal expansion of PDMS in the higher temperature range. 
Furthermore, in addition to the Fabry-Pérot cavity, the PDMS also be 
used to fix the microfiber taper, caused that the linear expansion of the 
cavity was limited. The structure of the sensor must be optimized for a 
larger operating range. Therefore, the working range of the proposed 
microfiber Fabry-Pérot temperature sensor can be finally determined 
from 25 ◦C to 115 ◦C. 

4. Conclusions 

A microfiber Fabry-Pérot structure was fabricated by inserting a 
microfiber taper into a micrometer-sized hollow fiber with a closed end. 
The microfiber end and cone cavity surface of the hollow fiber were used 
as the two reflectors of the Fabry-Pérot interference structure. The 
interference-spectrum quality was greatly affected by the diameter of 
the microfiber taper and geometry angle of the conical air cavity. An 
overly thin microfiber will reduce the interference light intensity and 
may play the role of an optical filter. The cone angle and external geo
metric contour of the conical air cavity may introduce the resonance 
effect of whisper gallery modes. By filling the air cavity with PDMS 
solution and curing, the proposed temperature sensor was experimen
tally demonstrated with a high sensitivity. Tiny changes of temperature 
acts on the PDMS, causing the change of its equivalent refractive index 
and volume, and resulting in the change of the cavity length of the 
Fabry-Pérot interferometer. A temperature sensitivity of >2.4 nm/◦C 
was obtained by tracing the wavelength location of the special reso
nance dip. However, the results of repeatability and stability experi
ments indicate a significant fluctuation of ~0.469 nm and ~0.253 nm, 

respectively, which can be partially attributed to the temperature- 
control accuracy of the blast drying oven. The temperature- 
measurement range was finally experimentally demonstrated to range 
from 25 ◦C to 115 ◦C with good stability and repeatability. 
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