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Abstract: A fiber-optic temperature sensor based on fiber tip polystyrene microsphere is proposed. 
The sensor structure can be formed simply by placing and fixing a polystyrene microsphere on the 
center of an optical fiber tip. Since polystyrene has a much larger thermal expansivity, the structure 
can be used for high-sensitive temperature measurement. By the illuminating of the sensor with a 
broadband light source and through the optical Fabry-Perot interference between the front and back 
surfaces of the polystyrene microsphere, the optical phase difference (OPD) or wavelength shift can 
be used for the extraction of temperature. Temperature measurement experiment shows that, using a 
fiber probe polystyrene microsphere temperature sensor with a spherical diameter of about 91.7 μm, a 
high OPD-temperature sensitivity of about –0.617 96 nm/℃ and a good linearity of 0.991 6 were 
achieved in a temperature range of 20 ℃–70 .℃  
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1. Introduction 

Fiber-optic Fabry-Perot (FP) sensors, as one 

important type of fiber-optic sensors, for their 

advantages of compact size, light weight, high 

sensitivity, strong anti-electromagnetic interference, 

etc, can be used in many important areas such as 

civil engineering, petroleum, aviation, biology, and 

medicine [1–5]. 

Particularly, the fiber-tip FP sensors, by the 

forming of the FP cavities on the fiber facets, due to 

the features of simpler structure, more compact size, 

and versatile to be used, have attracted much more 

attentions. The fiber tip FP sensors can be formed by 

attaching a dielectric, metal or polymer film on the 

fiber facet [6–9], fabricating an FP structure through 

micro electro mechanical system (MEMS) 

processing and then attaching it on a fiber facet [10, 

11], the writing of a micro FP cavity near the fiber 

endface through the femtosecond laser 

micromachining technology [12, 13], and many 

other methods. These fiber tip FP sensors have been 

proposed for the sensing of various physical, 

chemical, or biological parameters such as 

temperature, pressure, pH value, and chemical 

concentration. 

Recently, there appeared some proposals on the 

fabrication of the fiber tip FP sensors through the 
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introducing of air bubbles or microspheres on the 

fiber facets [14–20]. Ma et al. [16] proposed the 

fabrication of a fiber-tip microcavity sensor by 

fusing a silica capillary to the end of a single mode 

fiber (SMF), tapering the capillary with internal gas 

pressure applied, and then melting the capillary at 

the waist to form an air-cavity. The cavity length of 

the sensor was only about 107 μm, and can be used 

for the measurement of pressure up to 40 MPa [16]. 

Chen et al. [17] reported a fiber tip FP 

interferometric sensor made by the gluing of a glass 

microsphere at the etched end of a multimode 

optical fiber. However, the sensor showed a large 

nonlinearity, and the temperature sensitivity was 

about 0.202 6 nm/  [17]. Jiang ℃ et al. [18] fabricated 

a microcavity on the tip of a multimode fiber 

through the arc discharge on a multimode fiber 

which was firstly made a hole on the facet by a 

chemical etching method, showing a good 

temperature linearity in a temperature range of 20 ℃ 

to 1 000  and a wavelength℃ -temperature sensitivity 

of 0.001 89 nm/  [18]. The fiber℃ -tip temperature 

sensors proposed above showed relatively high 

requirements on the fabrication process. And since 

the material composed of the FP structure was silica, 

which has a relatively low thermal expansion 

coefficient, their sensitivities were relatively low. 

There has been a standard way to mass fabricate 

monodisperse polymer microspheres through the 

dispersion polymerization method [21]. If these 

microspheres can be assembled onto the fiber tip, 

the fabrication process can be simplified effectively. 

Furthermore, since polymers commonly show a 

relatively large thermal expansion coefficient, the 

sensitivity can also be greatly improved. 

In this paper, we demonstrate a novel miniature 

fiber tip temperature sensor which is made by the 

fixing of a polystyrene microsphere in the centre of 

a vertically cut single mode fiber (SMF). Using a 

wideband light source to illuminate the sensor, 

through the FP interference between the back and 

front surfaces of the microsphere, the optical phase 

difference (OPD) variation or the wavelength shift 

directly can be used for the extraction of 

environment temperature. The proposed sensor 

structure shows advantages of compact size, simple 

fabrication process, and high temperature sensitivity. 

2. Structure and fabrication 

The sensor structure is very simple, as shown in 
Fig. 1, which is only composed of a vertically cut 
SMF, a polystyrene microsphere attached to the 
center of the fiber tip, and a short glass capillary 
used for the mechanical protection. 

As seen in Fig. 2, the fabrication procedures of 
the sensor are as follows: 

Step 1: Remove a short length of the SMF 
coating layer near the fiber tip, and cut the fiber 
vertically to form a flat facet, as shown in Fig. 2(a). 

Step 2: Cut a short-length glass capillary with 
inner diameters slightly larger than the outer 
diameter of the SMF, and penetrate the SMF into the 
glass capillary, as s shown in Fig. 2(b). 

Step 3: Glue the polystyrene microsphere on the 
center of the fiber tip: spread a few of ultraviolet 
(UV)-curable epoxy on the fiber tip, as s shown in   
Fig. 2(c). Use a hollow-core fiber with an inner 
diameter of 75 μm, which is fixed on a multi-axis 
translation stage, to adsorb a polystyrene 
microsphere onto its end through the capillary effect. 
Use the multi-axis translation stage to move the 
polystyrene microsphere to the center of the fiber tip. 
Since the UV-curable epoxy has a larger surface 
tension than the solvent of the microsphere, after the 
attaching of the microsphere and the epoxy on the 
fiber tip, the microsphere will be attracted to the 
fiber tip. Move back to the translation stage, the 
microsphere will be left on the fiber tip. Using a UV 
light-emitting diode (LED) to illuminate the 
structure, the microsphere will be fixed in the center 
of the fiber tip, as seen in Fig. 2(d). 

Step 4: Fix the glass capillary. Move back the 
fiber with microsphere till the microsphere is 
completely contained in the glass capillary, as seen 
in Fig. 2(e), then spread a few UV-curable epoxy at 
the rear end (the end far away from the polystyrene 
microsphere) of the glass capillary, and illuminate it 
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by the UV LED to fix the glass capillary on the SMF, 
as seen in Fig. 2(f). 

d 

SMF 
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Fig. 1 Schematic diagram of the fiber tip polystyrene 

microsphere temperature sensor. 
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Fig. 2 Fabrication process of the fiber tip polystyrene 

microsphere sensor: (a) SMF cutting, (b) glass capillary 
penetration, (c) UV adhesive dispense, (d) polystyrene 
microsphere gluing, (e) glass capillary gluing, and (f) UV 
adhesive solidification. 

The microspheres used were monodispersed 
polystyrene microspheres fabricated by Tianjin 

BaseLine ChromTech Research Centre (UniBead), 
which had an average diameter of 100 μm, the 
standard deviation was estimated to be 5%–10%. 

The monodispersed polystyrene microspheres were 
suspended in a mixture solvent of 1:1 deionized 
water-ethanol (2.5%w/v). Figure 3(a) shows a 

microscopic photograph of the microspheres, in 
which the molecular formula was also given. The 
refractive index of the microspheres was 1.57. For a 

temperature below 80 , polystyrene microspheres ℃

shrunk with the temperature increasing, since it has 
a negative thermal expansion coefficient. When the 
temperature was above the glass transition 
temperature (80 ℃–100 ), it transform℃ ed from the 

glassy state to high-elastic state, and became 
unstable. Thus the thermal property of the 
polystyrene microspheres could be used for 

temperature sensing below 80 .℃  

n
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(b) 

 
(c) 

Fig. 3 Microscopic photographs of (a) the polystyrene 
microsphere sample, (b) a fiber tip attached with a polystyrene 
microsphere, and (c) the fiber tip polystyrene microsphere 
sensor with a glass capillary. 

The fabricated fiber tip polystyrene microsphere 

sensors with and without a glass capillary are shown 

in Figs. 3(b) and 3(c), respectively. The optical fiber 

used is the standard SMF G652D fabricated by 

Corning Inc., which has a core diameter of 9 μm, and 

a cladding diameter of 125 μm. The glass capillary 
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has an inner diameter of 128 μm and an outer 

diameter of 420 μm. 
Fabrication repeatability of the sensor mainly 

depends on two factors, the consistency of the 
diameter of the polystyrene microspheres and the 
dislocation of the microsphere fixed in the center of 
the fiber facet. If diameters of the monodisperse 
polymer microsphere distribute in a relatively large 
range, the sensitivities of the fabricated sensors will 
be relatively different from each other. To reduce 
response differences between sensors, better 
monodispersed polystyrene microspheres with much 
smaller standard deviation of diameters can be used. 

In the fabrication process, when gluing the 
polystyrene microsphere to the center of the fiber tip 
(Step 3), special attention should be paid to its 
transverse position. Since the fiber core is only 9 μm, 
dislocation of the microsphere from the tip center 
may reduce the reflected optical power, or even no 
spectral signal can be received. To minimize the 
dislocation, the following method can be used. 
Illuminate the fiber tip by a broadband source, at the 
same time, continuously monitor its reflection 
spectrum with an optical spectrum analyzer (OSA). 
When the polystyrene microsphere is very close to 
the tip center, there will appear a spectrum with 
multiple peaks. With a fixed distance between the 
fiber tip and the microsphere, the transverse position 
of the microsphere is finely tuned through a 
multi-axis translation stage. Only when the center of 
microsphere is at the axis of the fiber core, we can 
get a maximum signal on the OSA. By the 
optimization of the reflected spectral signal, the 
polystyrene microsphere can be optimally fixed to 
the fiber tip center. 

3. Temperature sensing mechanism 

When a light is coupled into the fiber tip 
polystyrene microsphere sensor, two reflected lights 
will be formed and returned back to the lead-in fiber. 
One is returned back from the interface between the 
fiber facet and the rear surface of microsphere, and 
the other is returned from the front surface of 
microsphere. The two reflected lights interfere with 

each other. 

Since the reflectivities of the two interfaces are 

relatively low, according to the multi-beam 

interferencing theory, the total intensity of the 

interferencing reflected lights can be given by 

1 2 1 22 cosI I I I I              (1) 

where 1I  and 2I  are the intensities of the light 

reflected from the front and rear interfaces of the 
polystyrene microsphere, respectively. And the 
phase factor   can be given by  

0

4
OPD

 


               (2) 

where 0  is an initial phase constant, OPD=nd (n 
is the refractive index of the polystyrene, d is the 
diameter of the polystyrene microsphere, i.e., the FP 
cavity length), and   is the optical wavelength. 

As external temperature changes, since the 
diameter and refractive index of the polystyrene 
microsphere will change accordingly, because of the 
thermal expansion and thermo-optic effects, the 
OPD between the two reflected light will linearly 
vary with the temperature changing, which leads to 
the phase shift of the interferometric signal. By the 
monitoring of the phase shift, the external 
temperature change can be extracted. 

4. Experiment and analysis 

An experimental setup for the characterization of 

the fiber tip polystyrene microsphere sensor was 

built as shown in Fig. 4, which is composed of a 

super luminescent diode (SLD) [S5FC1550S-A2, 

Thorlabs Inc., central wavelength 1 568 nm, 3-dB 

bandwidth 90 nm, maximum output power 3 mW, of 

which, the output spectrum is shown in Fig. 5(a)] an 

optical circulator, an OSA (MS9740A, Anritsu Inc., 

wavelength range of 0.6 μm–1.75 μm, best 

wavelength resolution of 0.03 nm), and an computer. 

The microsphere sensor was inserted into a high 

temperature furnace for temperature control, which 

had a temperature resolution of 1 . The wideband ℃

light output from the SLD illuminated the FP 

microsphere sensor through the optical circulator. 
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The reflected light containing the temperature 

modulated information of the microsphere was 

returned back to the optical circulator and 

transmitted into the OSA to get the reflection 

spectrum, which was analyzed through a computer 

to interrogate the temperature. 

OSA 

SLD 

Computer 

High temperature furnace

Optical circulator 
Fiber tip microsphere sensor

 
Fig. 4 Experimental setup for the investigation of the fiber 

tip polystyrene microsphere temperature sensor. 

The reflection spectrum of the fiber tip 

polystyrene microsphere temperature sensor is 

similar to that shown in Fig. 5(a), which was 

measured for a sphere with an initial diameter of 

91.706 μm at a temperature of 20 , and was a ℃

typical reflection spectrum of an FP cavity. Since the 

cavity length is relatively short, only limited several 

peaks appeared in the spectral range of 1 472 nm–  

1 672 nm. With an increase in the temperature, 

wavelengths corresponding to the reflection dips or 

peaks blueshifted to the shorter wavelength direction, 

which was caused by the shrinking of the 

polystyrene microsphere with the increasing in the 

temperature.
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Fig. 5 Optical spectra of the SLD source and the sensor: (a) output spectrum of the SLD and (b) full reflection spectrum of the 

fiber-tip microsphere sensor with an initial diameter of 91.706 μm at a temperature of 20 .℃  

 

In Fig. 6(a), the wavelength shift of the the 

reflection dip marked in Fig. 5(b) is given for a 

temperature range of 20 ℃–70 ℃ with a temperature 

step of 10 . We also give out the relationship ℃

between the dip wavelength and the temperature in 

Fig. 6(b), which is with a good linear manner, and 

the wavelength-temperature sensitivity can be found 

to be –0.006 5 nm/ .℃  The sensitivity is several times 

of the result in [18], but lower than that in [7]. 

The OPD caused by the polystyrene microsphere 

can be calculated through the reflection spectrum  

by the peak-to-peak method. The temperature 

response of the OPD is shown in Fig. 7. It can     

be found that, the relationship between the OPD   

and the temperature has a good linearity during a 

complete heating and cooling process.      

Although there exists some small deviations 

between the heating and cooling processes, it    

can still be safely concluded that the repeatability  

is good. However, the temperature should not  

reach or exceed the glass transition temperature 

80 , otherwise, the repeatability cannot be ℃

guaranteed. Through the linear fitting, the 

OPD-temperature sensitivity is –0.617 96 nm/ , and ℃

the R2 coefficient is 0.991 6. The experiment shows 

that the fiber tip polystyrene microsphere 

temperature sensor has a high temperature 

sensitivity and good linearity. 
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Fig. 6 Wavelength shift caused by temperature change:    

(a) wavelength shift of one reflection dip in a temperature range 
of 20 ℃–70  and (b) relationship between the dip wa℃ velength 
and the temperature. 
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Fig. 7 Relationship between OPD and the temperature. 

5. Conclusions 

In summary, we proposed and fabricated a 

miniature fiber-optic temperature sensor by the 

gluing of a polystyrene microsphere on the tip center 

of a vertically cut single mode fiber. By using a 

polystyrene microsphere with a diameter of about 

91.7 μm, a high OPD-temperature sensitivity of 

–0.617 96 nm/  in a temperature range of ℃

20 ℃–70  was achieved. The sensor also showed a ℃

good linearity of 0.991 6. The sensor structure is 

simple, compact, and easy to fabricate, and can be 

used in various applications. 
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