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A temperature sensor based on the splicing of a core off-
set multi-mode fiber with two single mode fibers®
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In this paper, a temperature sensor based on the splicing of a core offset multi-mode fiber with two single mode fibers

is proposed and demonstrated experimentally. The temperature sensing principle is analyzed and related experiment is

performed. By controlling the core offset and splicing length of the specialty multi-mode fiber (SMMF), two sensors

with different temperature sensing properties are obtained, and experimental results show that the temperature sensitiv-

ity can be up to 48.76 pm/°C in the range of 25—95 °C. Moreover, it has many advantages, including small size, high

sensitivity, and simple structure. So it can be used in potential temperature sensing applications, such as industrial pro-

duction, biomedical science, power electronics, and so on.
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Recently, fiber temperature sensor has been used in
many fields!"™, including transformer substation, petro-
leum pipeline, and fire safety. Moreover, based on the
features of high sensitivity, fast response, and small di-
mension, some scientists researched different fiber
structures for temperature measurement, such as fiber
Bragg gratings'*”), Brillouin optical time domain reflec-
tometer'®”), tapered fiber’” and so on. For example,
Shuo Yuan et al'” proposed an optical fiber high tem-
perature sensor, which was fabricated by cascading two
spherical-shape structures. Jiajun Wang et al''! analyzed
a polished C-plane sapphire fiber temperature sensor,
and a sub-micrometer thick zirconium dioxide film was
deposited on the sapphire fiber to form a Fabry-Perot
interferometric sensor. However, these complicated sen-
sor structures are difficult to fabricate. Thereby, a simple
fiber temperature sensor is necessary.

In this paper, a temperature sensor based on the splic-
ing of a core offset multi-mode fiber with two single
mode fibers (SMF, Corning SMF-28e) is proposed. The
temperature sensing principle is analyzed and testing
experiment is performed. By changing the core offset
and splicing length of specialty multi-mode fiber
(SMMF), the experimental results are discussed in detail.
In the temperature range of 25—095 °C, this sensor has
good temperature measurement performance.

The cross section of SMMF is shown in Fig.1. It is
composed of pure silica core and glass cladding, which

is fabricated by Yangtze Optical Fiber and Cable Joint
Stock Limited Company. The fiber core refractive index
is greater than the cladding refractive index. Fiber core
and cladding diameters are 105 um and 125 pm, respec-
tively. A number of high order core modes will be
stimulated in SMMF due to its lager core diameter by
core offset method. Then the interference between core
and cladding modes can be achieved.

Fig.1 The cross section of SMMF

Based on this interference principle, the schematic
diagram of the proposed SMMF sensor is shown in
Fig.2.

In Fig.2, the SMMF is spliced between SMF1 and
SMF2 by using the fusion splicer (FITEL S178). By ad-
justing the discharge current, discharge time and dis-
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placement parameters of the fusion splicer, the different
core offsets can be obtained. Thus, different miniature
Mach-Zehnder interferometers can be fabricated. The
splicing point photomicrographs between different fibers
are shown in Fig.3.
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Fig.2 Schematic diagram of the cascaded SMMF
sensor
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Fig.3 Splicing point photomicrographs between dif-
ferent fibers

For the miniature Mach-Zehnder interferometer, the
sensing principle is as follows.

The transmission light in SMF1 will be coupled into
SMMF core, and different transmission modes will be
excited. Because of the mismatch mode field between
different fibers, the output beam of SMMF is mainly
divided into two parts which propagate in SMF2 core
and cladding separately. At this time, some transmission
modes will be excited in SMF2 cladding. In order to
simplify the analysis, only the main transmission mode
with the largest energy in SMF2 cladding will be con-
sidered. Therefore, the transmission light in fiber core
and cladding can be regarded as the reference and signal
arms, respectively. When two beams reach SMF3, the
interference phenomenon happens.

Based on double-beam interference principle!'?, the
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phase delay of the two different modes and the central
wavelength satisfy the equation of
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where #°° and »™ are the effective refractive

eff eff
indices of core and cladding modes in SMF, respectively.

An. is the difference of them, 4 is the spatial wavelength
of fringe, A, is the central wavelength of the m-th or-
der interference fringe, and L is the interference length,
namely the total length of SMMF and SMF2. As can be
seen from Eq.(1) and Eq.(2), the SMMF length will af-
fect the peak wavelength of interference fringe. More-
over, the core offset also affects the fringe visibility and
free spectral range (FSR) of interference spectrum.

With the environmental temperature changing, the re-
fractive index and geometry structure of fiber will
change due to the thermo-optic effect and thermal ex-
pansion effect. It leads to the variation of phase differ-
ence between core mode and cladding mode. The inter-
ference spectrum will also shift. Therefore, the wave-
length shift with temperature changing can be deduced
from Eq.(2), which is expressed as

A = ALAn  +LAn ’ 3)

m
where A4 is the central wavelength shift of the m-th
order interference fringe, and An is the effective re-
fractive index difference between core mode and clad-
ding mode. With the temperature increasing, thermal
expansion effect and thermo-optic effect will be pro-
duced in fiber. Moreover, the thermal expansion effect
will lead to little change for the fiber length AL. The
change of effective refractive index difference An is
mainly affected by thermo-optic effect. Both changes
will lead to transmission spectrum shifts, so the external
temperature can be detected by measuring the interfer-
ence fringe shift.

In order to investigate the temperature performance of
this sensor, a related experiment is performed. The ex-
perimental setup is shown in Fig.4. An amplified spon-
taneous emission (ASE) optical source ranging from
1520nm to 1610nm, an optical spectrum analyzer
(OSA, YOKOGAWA AQ6375) and a temperature con-
trolled cabinet (WHL-30B) are used to test the tempera-
ture sensor.
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s Temperature
}:Jf/\ ? controlled cabinet
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Fig.4 Experimental setup for temperature measurement



* 0436 °

During the experiment, the proposed SMMF sensor is
placed in the temperature controlled cabinet. The inter-
ference spectrum is recorded and investigated experi-
mentally within 25—95 °C with an interval of 10 °C. In
order to further study the temperature performance, some
experiments are performed based on different core off-
sets and splicing lengths of SMMF. The following two
sensors are taken as examples to illustrate the idea.

When the SMMF length is 25 mm, the SMF2 length is
40 mm, the core offset is 10.5 um between SMF1 and
SMMF, and the core offset is 9.1 pm between SMF2 and
SMF3, the interference spectra of the first sensor with
different temperatures are depicted in Fig.5.
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Fig.5 Interference spectra corresponding to different
temperatures for the first sensor

In Fig.5, we can see that with the temperature in-
creasing, the interference spectra have obvious shift to-
wards long wavelength. In order to illustrate the changes
of interference spectra with different temperatures more
directly, the wavelengths near 1 560 nm in spectra are
selected as the observation points. The temperature re-
sponse characteristic of the interference spectrum is
shown in Fig.6.
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Fig.6 Temperature response characteristic of the in-
terference spectrum for the first sensor

As shown in Fig.6, it exhibits high sensitivity to tem-
perature, almost 48.76 pm/°C. When the SMMF length
is 20 mm, the SMF2 length is 20 mm, the core offset is
10.3 pm between SMF1 and SMMF, and the core offset
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is 5.2 um between SMF2 and SMF3, the interference
spectra of the second sensor with different temperatures
are depicted in Fig.7.
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Fig.7 Interference spectra corresponding to different
temperatures for the second sensor

Similarly, we can see that with the temperature in-
creasing, the interference spectra have obvious shift to-
wards long wavelength in Fig.7. The wavelengths near
1 580 nm in the spectra are selected as the observation
points. So we can obtain the temperature response char-
acteristic curve as shown in Fig.8.
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Fig.8 Temperature response characteristic of the in-
terference spectrum for the second sensor

As shown in Fig.8, it exhibits high sensitivity to tem-
perature, almost 33.76 pm/°C. For these two sensors,
there is perfect temperature performance. For different
core offsets and splicing lengths, different transmission
modes are excited. Due to the thermal-optic effect and
thermal expansion effect in fiber, the effective refractive
index difference An increases as temperature increasing.
Through Eq.(3), the wavelength shifts of different dips
also have direct relationship with An . Thereby, by
measuring the wavelength shift of observation point, the
variation of the external temperature can be determined.

This work describes a novel temperature fiber sensor
based on SMMF. The sensing mechanism of it is ana-
lyzed in detail and then its temperature characteristic is
experimentally demonstrated. Experimental results show
that the temperature sensitivity can be up to 48.76 pm/°C
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in the range of 25—95 °C. Moreover, it has many fea-
tures, including small size, high sensitivity, and simple
structure. So it is expected to be applied in temperature
sensing fields, such as industrial production, biomedical
science, power electronics, and so on.
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