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Abstract—A highly-sensitive temperature sensor with con-
trollable sensitivity based on Vernier effect by cascading a
tunable extrinsic Fabry-Perot interferometer (FPI) and a fixed
reflective Lyot filter (RLF) is theoretically investigated and
experimentally demonstrated. The temperature sensitivity
can be tuned by modulating the cavity length of the extrinsic
FPI and online monitoring the envelope of superimposed
spectrum with optical spectrum analyzer (OSA). The FPI
works as the reference arm to tune the temperature sensitivity
of the sensing system, while the RLF with 1-meter polarization
maintaining fiber (PMF) acts as the sensing probe. Experi-
mental results prove that by changing the cavity length of
the FPI, the sensitivities of —3.82 nm/°C, —8.33 nm/°C and
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—14.63 nm/°C can be achieved. Compared with the single sensing element, the sensitivities are magnified by 3.78, 8.25 and

14.49 times. The proposed temperature sensor is feasible to

be applied practically in scenarios which require different

temperature sensitivities in demanded temperature detection ranges.

Index Terms— Optical fiber sensors, temperature sensors, Fabry-Perot interferometer, Lyot filter, Vernier effect.

I. INTRODUCTION

EMPERATURE monitoring is an essential calibration
in several industrial fields, such as precision processing
and biomedicine. Currently, the investigation of temperature
sensors attracts tremendous research interests from the pho-
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tonic device research community. Fiber optic sensors, with the
merits of electromagnetic immunity, fast response, excellent
security and free to chemical corrosion, are intensively devel-
oped for temperature monitoring [1]-[7]. Among fiber optic
temperature sensors, grating based sensors [8]-[11] and inter-
ferometer based sensors have been investigated mostly [12]—
[17]. Grating based temperature sensors demonstrate good
potential for remote and multipoint operation. However, com-
pared to the fiber sensors based on functionalized materials
coating or polarization maintaining fiber (PMF), the sensitivity
of ~10 pm/°C of grating based sensors is relatively lower.
For interferometer based temperature sensors, Fabry-Perot
interferometer (FPI) is generally developed as sensing probes
for space-limited applications [5], [12] and PMF based Sagnac
interferometer (SI) achieves excellent temperature response
of ~1 nm/°C [16], [18], [19]. Recently, sensors based on
reflective Lyot filter (RLF) have been reported for differ-
ent applications including temperature monitoring [4], [20],
[21]. The RLF, which consists of a polarizer and a section
of PMF, shows a great potential application for tempera-
ture monitoring with high sensitivity of —1.46 nm/°C [4].
As a combination of reflective transmission and good
temperature response, the RLF enables the highly sensi-
tive temperature detection in the space-limited environment.
However, the temperature response of a single interferometer
remains limited by the intrinsic characteristics of the optical
fiber.
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Fig. 1. Schematic of experimental setup. Inset (a) shows the schematic
of the tunable extrinsic FPI, which consists of two sections of SMF and
a silica capillary. The cavity length is tuned by modulating the adjusting
mount. Inset (b) shows the schematic of the RLF, consisting of a polarizer
and a section of PMF.

To enhance the temperature sensing performance, the func-
tionalized materials with high thermo-optic coefficient are
usually introduced with special optical fibers, such as
microfiber [2], [6]. However, the pretreatment of optical fibers
and packaging of functionalized materials lead to inconve-
nience and complexity. Vernier effect has been proved to
be a good stratagem to enhance the sensing performance of
interferometer based fiber optic sensors. A sensing system with
Vernier effect usually consists of two interferometers. One acts
as a reference arm and the other acts as a sensing arm. There is
a small difference in free spectral ranges (FSRs) of two arms,
working as the scales of Vernier calipers. When the peaks or
dips of two arms overlap, there are peaks or dips observed
in the superimposed spectrum. The FSR of superimposed
spectrum is determined by the FSR difference of two arms.
Generally, the spectrum of reference arm is fixed. When there
is a small spectral shift in sensing arm, an explicitly huge
spectral shift in superimposed spectrum of the sensing system
appears. Consequently, the sensitivity can be hugely improved.

From previous works, the structures of Vernier effect
based temperature sensors are cascaded Sls [22], [23], cas-
caded FPIs [24]-[27], cascaded Mach-Zehnder interferometers
(MZIs) [28] or cascaded hybrid interferometers [29], [30]. The
Lyot filter temperature sensor based on Vernier effect has been
reported previously [29]. However, this work cascades the RLF
with a section of hollow core fiber (HCF), the length of HCF
is fixed and is difficult to control owing to the microscale of
the cavity length. Based on the characteristics of Vernier effect
in interferometers, it is achievable to develop the sensitivity-
enhanced sensor with flexible sensitivity by control the differ-
ence of two interferometric spectra. Nevertheless, as reported,
the two cascaded interferometers are fixed. The FSR of super-
imposed spectrum is prescribed, leading to constant sensitivity
and cannot be changed afterwards. It is difficult utilizing the
identical sensor for challenging application scenarios which
require significant temperature sensitivities as well as different
operation ranges.

In this work, we first propose a fiber temperature sensor
with online controllable sensitivity based on the Vernier effect
by cascading a tunable FPI and a fixed RLF. The theoretical
analysis and experimental results are demonstrated. The FPI

works as the reference arm, and the FSR can be tuned
freely by changing the cavity length using a 3-D adjusting
mount. The adjustable FSR of FPI brings a tunable sensitivity
enhancement coefficient for the cascaded structure. Combined
with good temperature response of the RLF, the temperature
sensor is potential to be practically applied to monitor the
ambient temperature with a dynamic sensitivity range for
various application scenarios, such as biomedicine, precision
machining, or chemical industry, with the merits of straight-
forward operation and probe-type detection.

Il. PRINCIPLE AND SIMULATIONS

A. Schematic Diagram and Principle

The schematic diagram of the proposed sensor and the
experimental setup is illustrated in Fig. 1. The tunable FPI
is connected with the RLF via two fiber circulators. The input
light passes through the FPI and the RLF orderly, in particular
experience two interferences. The schematic of FPI is shown
in the Inset (a) of Fig. 1. The FPI consists of two sections of
single mode fiber (SMF, G.652, YOFC) and a silica capillary.
The two SMFs (lead-in SMF and reflective SMF) with an
outer diameter of 125 um are aligned in the capillary with
the inner diameter of 127 um. The reflective SMF is fixed on
an adjusting mount, the cavity length of FPI is tuned freely
by modulating the adjusting mount. There are two reflection
mirrors in the FPI. One is the interface between the lead-in
SMF and the air cavity, M1. The other is the interface between
the air cavity and the reflective SMF, M2. The two reflective
lights interfere with each other, then the interference spectrum
of the FPI is obtained. It is noted that the other interface
between reflective SMF and air environment is roughened
to prevent additional Fresnel reflection. The FPI works as
reference arm, then the reflection spectrum of reference arm
Ir p; can be roughly expressed as [30]

Irpr = RY + (1 —a)*(1 — R1)*R3

drnlL
+2(1—a)(1 — R))R| Ry cos ”z Lo

where R and R, are the reflectivity coefficients of M1 and
M2, respectively. o is the transmission loss coefficient of the
air cavity. The refractive index of the air cavity is followed
as n = 1. Ly is the cavity length and 1 is the wavelength of
incident light. The FSR of the reference arm is deduced as

2

2nLy’ )

The schematic of the RLF is shown in the Inset (b) of Fig. 1.
The output light of the FPI acts as the input light of the RLF.
The light is linearly polarized by the fiber polarizer, then the
pigtail fiber of polarizer is spliced with the PMF at 45°. The
linearly polarized light is equally coupled to the slow axis and
fast axis of the PMF. After a Fresnel reflection at the fiber
end, the light is back to the polarizer, then the polarizer acts
as a polarization analyzer. The light transmitted along the slow
axis and fast axis experience an accumulated phase difference.
Therefore, the two orthogonal light interfere with each other at
the polarizer. After Fabry-Perot interference and birefringence
interference, the output spectrum is superimposed. The RLF

FSRpp; =
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acts as sensing arm, then the reflection spectrum of the sensing 0
arm Igpr can be expressed as [21]
2204
w2 pan? 2 2
IR F = sin” fsin” y + cos” fcos” y 2 0] FSR — 6.01 nm 200 m
+1 in 2 sin 2 dr BL» 3) =
—sin2fsin 2y cos =
w»
where f = 45°, is the angle between the polarizer and the §  s0-
PMF. After Fresnel reflection, the polarization state is changed = FSR=31nm 400 pm
to y and L; is the length of PME. B = ngjou — N fast, is the -1001
birefringence of PMF, to illustrate the difference of refractive 120 -
indices of slow axis and fast axis. 140 SR L2 600
The FSR and the dip wavelength of the interference spec- @ . o . Hm
trum are deduced as 1520 1540 1560 1580
12 Wavelength (nm)
FSRRLF = 57—, 4
2B L2 ( ) 0
4BL,
and 1, = ————, ®)]
2m+1 104
where m is an integer. Equation (5) indicates that dip wave- =
length is decided by the birefringence and the length of PMF 2 204
simultaneously. When the RLF is exposed to environment £
with temperature variation, the birefringence and the length of E 304 X
PMF will change under the thermo-optic effect and thermo- \ o
expand effect. However, the dip wavelength shift induced FSR=2.67 nm »
. . . -40
by the thermo-optic effect is much larger than that induced 30
by a thermo-expand effect. Therefore, the dip wavelength () —Lew—Im 1545 1548 1551 1554
shift induced by.thermo—expand effect is neglected [4]. The '5(1520 1540 1560 1580
dependence of dip wavelength shift on ambient temperature Wavelength (nm)

change can be expressed as

oB
Aj-m = j-m ﬁ AT, (6)
where 0B / oT is the thermo-optic coefficient of the PMF.
After cascading two interferometers, the transmission spec-
trum of the structure / can be expressed as

I =1Ippr X IRLF. @)

When the peak or dip of reference arm overlaps with the
peak or dip of sensing arm, there is a peak or dip in the
superimposed spectrum in a certain wavelength. The space
between two peaks or dips, so-called FSR, of the superimposed
spectrum, is determined by FSRs of reference arm and sensing
arm. The FSR of superimposed spectrum is expressed as

FSR — FSRFP1 XFSRRLF . (8)
|FSRrpr — FSRRLFI
For the sensing arm, the FSR is magnified with a coefficient
M = FSRppi/|FSRrpp; — FSRgrF|. When the sensing arm
experiences a wavelength shift A/, then the wavelength shift
of superimposed spectral envelope AAenpeiope 15

A/Ienvelope =M x AZ. 9)

As a result, the temperature sensitivity of the sensing arm
can be hugely magnified by the Vernier effect owing to
the small difference between FSRrp; and FSRgrfr. In our
research, the FPI is designed as flexibly tunable. The tunable
FPI leads to a tunable magnification coefficient, making the
controllable sensitivity of the sensor possible.

Fig. 2. (a) Simulation spectra of the FPI with the cavity length of 200 um
(black), 400 um (red) and 600 um (blue). The corresponding FSRs are
6.01 nm, 3 nm and 2 nm, respectively. (b) Simulation spectrum of the RLF
with 1-m PMF. The FSR is 2.67 nm. The inset is the magnified spectrum
near 1550 nm.

B. Simulation

First, we simulate the reflection spectra of the FPI with
different cavity lengths and the RLF with 1-m PMF, the sim-
ulation results are shown in Fig. 2 (a) and (b). The calculated
results show that with the increase of cavity length from
200 pm to 600 um with each step of 200 xm, FSR of the FPI
near 1550 nm decreases from 6.01 nm to 2 nm. Note that the
spectra are offset in the y axis to present a clear comparison of
spectral characteristics, namely the y axis represents a relative
intensity. The Fig. 3(a), Fig. 4(a) and Fig. 8 are processed as
the same way. The simulated spectrum of the RLF with 1-m
PMF (birefringence, B = 4.5 x 10~* calculated from Nufern)
has an FSR of 2.67 nm near 1550 nm. We find that the FSR
of the FPI with 400-um cavity is close to the FSR of the RLF
with 1-m PMFE. Next, we simulate the superimposed spectrum
when cascading the 400-um-cavity FPI with the 1-m-PMF
RLF in Fig 3.

In Fig. 3(a), the simulated spectrum of FPI with 400-um
cavity is placed in the upper (the black curve). The simulated
spectra of RLF with different birefringence are placed in the
bottom (the red and blue curve). For the blue curve, the bire-
fringence of RLF is 4.5 x 10~4. For the red curve, the
birefringence is 4.498 x 10~* after temperature changes. When
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Fig. 3. (a) Simulation spectrum of FPI with 400-um cavity (upper) and

spectral shift of RLF with different birefringence (bottom). (b) Spectral
shift of superimposed spectrum envelope when cascading the 400-um
FPI with 1-m-PMF RLF.
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Fig. 4. (a) Measured reflection spectra of the FPI with the cavity length
of 56 um, 99 um, 146 um, 190 um and 257 um. The corresponding
microscope images of FPI with different cavity lengths are shown
in (b), (c), (d), (e) and (f), respectively.

the birefringence is decreased from 4.5 x 107 to 4.498 x 1074,
the dip wavelength shifts towards short wavelength by 0.7 nm.
The alignment at 1562.46 nm between the two spectra of FPI
and RLF shifts to 1556.35 nm. When the FPI is cascaded

with the RLF with different birefringence, the superimposed
spectra are shown in Fig. 3(b). The red curve and blue curves
are the superimposed spectra of the FPI and the RLF with
birefringence of 4.5 x 10™* and 4.498 x 10~*, respectively.
The corresponding dotted lines are the upper envelopes of
the superimposed spectra. The FSRs of the envelopes are
24.35 nm, which is well consistent with Equation (8). When
the birefringence of the RLF decreases from 4.5 x 1074
to 4.498 x 10, the envelope of superimposed spectrum
blueshifts 6.39 nm. Compared to single RLF, the magnification
coefficient is 9.12, which is accordant with Equation (9). Also,
the peak at 1562.4 nm of the red envelope and the peak
at 1556.3 nm of the blue envelope correspond to the two
alignments in Fig. 3(a) at 1562.46 nm and 1556.35 nm, respec-
tively. The simulated results clearly show that the Vernier
effect enables efficient magnification of dip wavelength shift
after cascading the FPI with RLF.

I1l. EXPERIMENT RESULTS AND DISCUSSIONS

The experiment is carried out to investigate the temperature
sensing performance of the proposed sensor with sensitivity
controllability. The FPI is connected with a broadband light
source (BLS, ALS-CL-15-B-FA, Amonics), and the RLF is
connected with an optical spectrum analyzer (OSA, AQ6370D,
Yokogawa). Fig. 4 shows the measured reflection spectra of
the FPI with different cavity lengths. Note that the spectra are
normalized by the reference spectrum of the light source to
avoid the intensity fluctuations. All the measured spectra in
this text are processed in this way.

As depicted in Fig. 4, when the cavity length is tuned from
56 um to 257 um, the FSR and fringe visibility decreases from
17.5 nm to 4.6 nm and from 22.7 dB to 6.2 dB, respectively.
The change of fringe visibility results from the increase
of transmission loss in the air cavity. The FSR change is
caused by the different light path difference in the air cavities
with varying lengths. The reflection spectrum of the RLF
with 1-m-long PMF (PM1550-XP, Nufern) is described in
Fig. 5. Note that the spectrum is normalized by the reference
spectrum of the light source to avoid the intensity fluctuation
made by the light source, and as well as other measured
spectra in this manuscript. There are explicit interference
patterns lie on the wavelength domain. The FSR is around
2.66 nm, and the fringe visibility is about 17.9 dB. For the
cascaded structure formed by two interferometers, match of
FSR determines the magnification coefficient of temperature
sensitivity, and match of fringe visibility determines the
envelope quality of the superimposed spectrum. In order to
match the FSR of the RLF, we carefully adjust the cavity
length and at the same time monitor the spectrum online on
the OSA. We tune the reflective fiber to three proper positions
to obtain three suitable superimposed spectra.

The superimposed spectra and the corresponding spectra
of the FPI are recorded in Fig. 6. The black lines are the
superimposed spectra of the cascaded structure with three
different FPI states. The red curves are the sine fitting curves
of the superimposed upper envelope. The sine curve is based
on the maximum values of the spectral peaks. By using the
sine fitting, we can get rid of the power fluctuation and track
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Fig. 5. Measured reflection spectrum of the RLF with 1-m long PMF.

The FSR is 2.6 nm.

the precise locations of the envelope dips. The dip wavelength
is determined by searching the point owns minimum intensity
of each sine dip. Note that the sine fitting is in the linear
form rather than the logarithmic form to well depict the upper
envelope of the superimposed spectrum owing to the relatively
low extinction ratio of the upper envelope. When the FSRs of
the three FPIs are 3.55 nm, 3.02 nm and 2.85 nm, respectively,
the extinction ratios of the three fitting curves are 3.85 dB,
3.29 dB and 2.97 dB, respectively. This is because that with
the lengthening of the extrinsic FPI, the fringe visibility of FPI
will be deceased. The measured FSRs of the superimposed
envelopes are 10.59 nm, 21.45 nm and 38.12 nm, respec-
tively. The measured results are basically corresponding to
the Equation (8). The theoretic FSRs of the superimposed
spectra are 10.61 nm, 21.45 nm and 39.9 nm. The little errors
may result from the measuring error. Therefore, according to
Equation (9), the temperature sensitivities of the 3 states for
the sensor can be magnified by 3.98 times, 8.38 times and
15 times, respectively.

A. Temperature Response of Single Sensing Arm

The temperature sensing characteristics of single sensing
arm is tested in the temperature range of 30 — 32 °C. The RLF
is placed in a temperature controller (SNR-O30H, Schneier)
with the resolution of 0.1 °C, the temperature changes from
30 °C to 32 °C with each step of 0.5 °C. The spectral evolution
of single RLF sensing arm is recorded. The temperature
response of single RLF and the linear fitting curve are plotted
in Fig. 7. In the inset, the arrow depicts the dip wavelength
shift direction, the shadow represents the dip wavelength shift
range.

As shown in Fig. 7, with the temperature increases from
30 °C to 32 °C, the wavelength dip shifts from 1585.33 nm
to 1583.28 nm. The blue-shift results from the negative
thermo-optic coefficient of PMF, which is consistent with
the previous theoretical analysis. The blue-shift of each step
achieves high uniformity indicating that the sensor has linear
response to temperature change. The temperature sensitivity of
the single RLF is —1.01 nm/°C. The sensitivity is relatively
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Fig. 6. Measured superimposed spectra of the cascaded sensor with
the FPI FSR of (a) 3.55 nm, (b) 3.02 nm, and (c) 2.85 nm. The insets are
the spectra of each FPI.

lower compared to [4]. This may result from that the PMFs
offered by different manufacturers possess various birefrin-
gences and thermo-optic coefficients.

B. Temperature Response of Cascaded Sensing System

The temperature response of the cascaded structure with
three states is tested. The experiment is carried out under
the same environmental conditions of that of the single RLF
sensing arm. When the FSR of the FPI is tuned to 3.55 nm,
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the range of 30 — 32 °C. Inset: spectral evolution of single RLF in the
temperature range of 30 — 32 °C. The arrow depicts the dip wavelength
shift direction. The shadow represents the dip wavelength shift range.

3.02 nm and 2.85 nm, respectively, the corresponding temper-
ature test results are recorded and shown in Fig 8(a), (b) and
(c), respectively. Because that the FSRs of FPI and RLF are
measured near 1570 nm, we track the superimposed envelope
near 1570 nm to demodulate the ambient temperature change.

When the temperature is changed from 30 °C to 32 °C,
the selected three envelope dips blue shift 7.8 nm, 16.68 nm
and 29.47 nm, respectively. The linear fitting curves of the
envelope dip wavelength shift are shown in Fig. 9. When the
FSRs of the FPI are 3.55, 3.02 and 2.85, the corresponding
temperature sensitivities are —3.82 nm/ °C, —8.33 nm/ °C and
—14.63 nm/ °C, respectively. This confirms that the cascaded
structure has a linear spectral response to ambient temperature
changes. The sensitivity magnification coefficients are 3.78,
8.25 and 14.49, respectively. Compared to the theoretical
values, the relative errors are 5%, 1.6 % and 3.4%. The little
errors may result from the measurement error. It is clear that
the larger FSR the superimposed envelope owns; the higher
temperature sensitivity could be obtained. However, with the
lengthening of the extrinsic FPI, the fringe visibility will
be deceased, which causes the superimposed envelope looks
flat. This will decrease the wavelength tracking precision.
By using the sine fitting, the minimum valve of the envelope
dip can be found easily, which enables accurate temperature
measurement. In the experiment, the tunable FPI is placed out
of the furnace, namely the FPI is kept a constant temperature.
Therefore, the tunable FPI will not affect the temperature sens-
ing performance of the senor. Owing to its low thermo-optic
coefficient and thermo-expand coefficient, even if we put it in
to the same temperature variable condition of sensor probe,
the temperature response of the FPI is two orders lower than
that of the PMF-based RLF, which can be ignored.

For this wavelength demodulation based fiber optic temper-
ature sensor, the detection range is confined by the sensitivity
and the wavelength window simultaneously. The relationship
between the sensitivity and the temperature detection range
can be expressed as a allometric function, which is shown
in Figure 10. Dr is the temperature detection range of the
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Fig. 8. Measured spectral shifts of superimposed spectra from 30 —
32 °C with the FPI FSR of (a) 3.55 nm, (b) 3.02 nm and (c) 2.85 nm. The
red curves are the upper envelopes of each superimposed spectrum.
The arrow depicts the dip shift direction. The shadow represents the dip
wavelength shift range.

sensor, 100 is the width of the wavelength window, con-
fined by the optical source range and OSA detection range
simultaneously; S is the sensitivity of the sensor. When the
temperature sensitivities are —3.82 nm/°C, —8.33 nm/°C and
—14.63 nm/°C, the corresponding temperature detection range
are 26.18 °C, 12 °C and 6.84 °C, respectively. We can find
that, by controlling the sensitivities of the sensor, the operation
range of the sensor can be flexibly tuned. For the application
scenarios required different operation ranges, we can tune
the sensitivities to fulfill the maximum temperature sensitivity
to realize better temperature monitoring. For the scenarios
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Fig. 10. Relationship between the detection range and the temperature
sensitivity of the proposed sensor.

needs wide operation range, we can decrease the sensitivity by
enhancing the FSR of the superimposed envelope to meet the
requirement. For the scenarios needs high sensitivity, the FSR
of the superimposed envelope should be decreased, with the
narrower detection range. Therefore, when then sensor is
applied, there is a trade-off of the sensitivity and the detection
range.

We can calculate the temperature resolution using the fol-
lowing equation [31], [23]:

0;,

Ry = —,
K]

(10)
where the R; is the temperature resolution of the sensor, the
0, is the uncertainty of the fit parameter of the sine fitting,
the |S| is the absolute value of the sensitivity. Note that the
uncertainty value of the sine function for each state is the
average uncertainty under the different temperatures. Taking
the uncertainties and the three temperature sensitivities of
the cascaded structure with three states of the FPI, the tem-
perature resolutions are 0.345 °C, 0.39 °C, and 0.442 °C,
respectively. The sine function is used to represent the shift
of the whole upper envelope. Due to the wide range of the
periodic waveform of the sine curve, the uncertainties are
1.318 nm, 3.248 nm and 6.46 nm, which are relatively high.

TABLE |
COMPARISON BETWEEN SEVERAL TEMPERATURE SENSORS BASED
ON VERNIER EFFECT

Year Configuration Sensitivity Reference
2015 Cascaded SIs -13.36 nm/°C [22]
2017 Cascaded MZIs 0.397 nm/°C [28]
2019 Paralleled 17.75 nm/°C [27]
PDMS-filled FPIs
2020 Cascaded SIs -43 nm/°C [23]
2021 Cascaded FPI and Controllable This work
RLF

To enhance the temperature detection resolution, Gauss fitting
can be used to depict the single dip [23]. For the tracked dips
of the upper envelope, the uncertainties can be decreased to
0.002 nm, 0.012 nm and 0.022 nm if Gauss fitting is employed.
The corresponding resolutions are 0.00057 °C, 0.0014 °C and
0.0015 °C.

In recent years, there are researches focused on temperature
sensors with the Vernier effect. Here, we give a brief compar-
ison between the proposed sensors with other representative
works, as listed in Table. 1. [28] cascaded two in-line MZIs,
the temperature sensitivity is fixed as 0.397 nm/°C. The
relatively low sensitivity is determined by the intrinsic low
thermo-expand coefficient of silica. Furthermore, the MZI
is fabricated by offset splicing SMFs, which enhances the
fabrication complexity. In [27], the authors utilized Poly-
dimethylsiloxane (PDMS) to enhance the temperature sens-
ing performance, the sensor exhibited a fixed sensitivity of
17.75 nm/°C. However, the PDMS-filled FPI is difficult to
manufacture, and the samples are less reproducible. Utilized
the unique characteristics of PMF, cascaded SIs based on
PMF were also reported in [22] and [23], the sensitivities are
fixed as —13.36 nm/°C and —43 nm/°C. However, the sensors
are exhibited as fiber loops, which need relatively long PMF.
The PMF utilized in [22] and [23] are 3.83 m and 5.53 m,
respectively. Most importantly, all the mentioned sensors have
fixed sensitivities that cannot be changed. These sensors
exhibit good temperature response howbeit the temperature
sensitivities are constant owing to the prescribed structure and
fiber lengths. Compared with them, the temperature sensor that
we propose combines the advantages of extrinsic adjustable
FPI and thermo-sensitive PMF, with the unique characteris-
tics of straightforward fabrication, probe-type detection and
sensitivity tunability.

IV. CONCLUSION

In conclusion, we theoretically propose and experimentally
demonstrate a temperature sensor with online controllable sen-
sitivity by cascading a tunable extrinsic FPI and a PMF based
RLF for the first time. By controlling the FPI cavity length,
the Vernier enhancement coefficient and the superimposed
envelope is feasible to be tuned, which directly determines
the temperature sensitivity of the sensing system. Experimental
results show that our proposed sensor with different FPI cavity
lengths has different temperature sensing performance, the
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sensitivities of —3.82 nm/°C, —8.33 nm/°C and —14.63 nm/°C
are achieved corresponding to the three states of the FPIL
Compared to the single sensing element, the sensitivities are
magnified by 3.78, 8.25 and 14.49 times, respectively. Com-
bined with the merits of straightforward fabrication, probe-
type detection and online sensitivity tunability, this sensor has
potential to be practically used for temperature monitoring in
different application scenarios which require different sensi-
tivities corresponding to various operation ranges.
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