Chin. Phys. B 32, 030702 (2023)

Fiber cladding dual channel surface plasmon resonance
sensor based on S-type fiber

Yong Wei(%£ %), Xiaoling Zhao(i4%¥%), Chunlan Liu(X|%>%)", Rui Wang(FE %), Tianci Jiang(# K 15),
Lingling Li(Z=¥4¥), Chen Shi(f1 /&), Chunbiao Liu(x4fi%), and Dong Zhu(Z#)

College of Electronic and Information Engineering, Chongqing Three Gorges University, Chongqing 404100, China
(Received 16 March 2022; revised manuscript received 24 June 2022; accepted manuscript online 5 July 2022)

Fiber cladding surface plasmon resonance (SPR) sensors have few structures, and a clad SPR sensor based on S-type
fiber is proposed in this paper. This new type of fiber cladding SPR sensor was formed by electrofusing an S-shaped
structure on the fiber to couple the light in the fiber core to the cladding. In this paper, the effects of fiber parameters on the
performance of the sensor were studied by simulation and experiment. Based on the conclusion that the smaller the core
diameter is, the closer the working band of the SPR resonance is to long wavelengths, and that the geometric characteristics
mean that a multimode fiber can receive the fiber cladding light from a small core diameter few-mode fiber, a dual channel
SPR sensor with a double S-type fiber cascade was proposed. In the refractive index detection range of 1.333-1.385
refractive index units (RIU), the resonant working band of channel I is 627.66 nm—759.78 nm, with an average sensitivity
of 2540.77 nm/RIU, and the resonant working band of channel II is 518.24 nm—658.2 nm, with an average sensitivity of
2691.54 nm/RIU. The processing method for the S-type fiber cladding SPR sensor is simple, effectively solving the problem
of this type of SPR sensor structure and the difficult realization of a dual channel. The sensor is expected to be used in the

fields of medical treatment and biological analysis.
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1. Introduction

Fiber surface plasmon resonance (SPR) sensors have

(121 and

the advantages of high sensitivity, good integration
label-free and real-time online monitoring,’>* and have been
widely used in the fields of chemical reaction and detection
of biomolecular analyte reactions.!>~") The occurrence of SPR
on an optical fiber requires the evanescent field of transmit-
ted light in the optical fiber to contact with the metal film, so
that the evanescent wave can resonate with the surface plasma
wave of the metal film. According to the position of the fiber
substrate where SPR occurs, fiber SPR sensors can be divided
into core type and cladding type. Core-type SPR sensors have
the core exposed by removing the optical fiber cladding, and
a metal film is plated on the surface of the exposed core to
make the evanescent field of the core mode contact with the
metal film, thus producing SPR. Typical methods for remov-
ing cladding and constructing an SPR optical fiber sensing
structure include the side throwing method,®°! the grinding
method, '-12] and the corrosion method.!!3-1] These process-
ing methods often require complex microprocessing equip-
ment, with problems such as low processing efficiency and the
sensing probe being easily damaged. In recent years, fiber-
clad SPR sensors have become a new research hotspot.

A fiber cladding SPR sensor couples the light transmit-
ted in the fiber core to the cladding, and a metal film is
plated on the cladding surface. The evanescent field of the
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cladding mode contacts the metal film to produce SPR. A typ-
ical fiber cladding SPR sensor is a heterocore structure com-
posed of a multimode fiber, a single-mode fiber and a multi-
mode fiber.[!”-1°1 By the method of core mismatch, the light
in the core of the multimode fiber is directly coupled and in-
jected into the cladding of the single-mode fiber, and then a
metal film is plated on the cladding of the single-mode fiber.
This fiber cladding SPR sensor can be fabricated just by simple
welding, with simple processing, low cost and a strong probe
structure. However, there are few reported fiber cladding SPR
sensor structures because there are few structures that can ef-
fectively couple the light in the fiber core to the cladding to
construct such a sensor.

In this paper, we propose and demonstrate a novel fiber
cladding SPR sensor based on an S-type fiber structure. Due
to the S-type fiber structure, the light in the fiber core is cou-
pled to the fiber cladding. By directly coating a 50 nm gold
film outside the fiber cladding and splicing a multimode fiber
with a larger core diameter to receive the cladding light, a fiber
cladding SPR sensor was realized. Further, the effects of dif-
ferent kinds of S-type fibers and S-type fibers with different
core diameters on the performance of the SPR sensor were
also studied. The results indicate that, for few-mode step in-
dex S-type fibers, the smaller the core diameter is the closer
the corresponding SPR resonance working band is to longer
wavelengths.

A fiber cladding SPR dual channel sensor based on wave-
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length division multiplexing technology requires two sens-
ing areas with inconsistent SPR working bands on the same
fiber.[20-231 By employing the structural characteristics that (i)
the working band of the few-mode fiber cladding SPR sen-
sor based on S-type fiber with a thin core diameter is closer
to long wavelengths, (ii) the working band of the multimode
fiber cladding SPR sensor based on S-type fiber with a thick
core diameter is closer to short wavelengths, and (iii) the mul-
timode fiber can receive the light from the cladding of the few-
mode fiber, a dual-channel SPR sensor with double S-type
fiber cascade is constructed that effectively solves the diffi-
culty of dual-channel realization of a fiber SPR sensor.

2. Sensing principles and probe fabrication
2.1. Study of the cladding mode excitation of S-type fiber

In order to study the characteristics of the S-type fiber
coupling the light in the core to the cladding, the light
transmission characteristics of single-mode straight fiber and
single-mode S-type fiber were simulated by Rsoft software.
The simulation results for the beam transmission path are
shown in Figs. 1(a) and 1(e), and the energy monitoring dia-
gram of the fiber cladding is shown in Figs. 1(b) and 1(f). The
diameter and refractive index of the single-mode fiber core and
cladding are 9 pm and 125 pm and 1.457 and 1.4468, respec-
tively. The length of the fiber is 950 um, the length of the
S-type structure is 350 pm and its vertical axis offset Ax is
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60 um. As shown in Figs. 1(a), 1(b), 1(e), and 1(f), the single-
mode straight fiber maintains stable transmission of the light
in the core and the single-mode S-type fiber couples the light
in the core to the cladding.

Next, experimental verification of the optical transmis-
sion characteristics of the S-type fiber was carried out. Fig-
ures 1(c) and 1(d) show micrographs of the side transmission
light field and end exit light field, respectively, of a single-
mode straight fiber, and figures 1(g) and 1(h) show micro-
graphs of the side transmission light field and end exit light
field, respectively, of a single-mode S-type fiber. It can be
clearly seen from the figure that the light only propagates
along the fiber core in the single-mode straight fiber. How-
ever, when we fabricate an S-type structure on the single-mode
fiber, the cladding mode is excited when the transmission light
passes though the S-type structure, which provides a structural
basis for the construction of an S-type fiber cladding SPR sen-
sor. Simulation and verification experiments indicate that the
vertical axis offset is too small to effectively couple the light
in the single-mode fiber to the cladding. If the vertical axis
offset is too large, the light will leak out of the cladding and
be lost. When the vertical offset is 60 pum, the efficiency of
optical coupling to the cladding in the fiber core is high, and
the cladding mode can be stably transmitted. In this paper, a
vertical axis offset Ax = 60 um was selected to conduct the

follow-up experiments.
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Fig. 1. (a) Simulation diagram of a single-mode straight fiber. (b) Light energy curve of single-mode straight fiber cladding. (c) Experimental
micrograph of the end light field of a single-mode straight fiber. (d) Experimental micrograph of the side light field of a single-mode straight
fiber. (e) Simulation diagram of a single-mode S-type fiber. (f) Light energy curve of single-mode S-shaped fiber cladding. (g) Experimental
micrograph of the end light field of a single-mode S-type fiber. (h) Experimental micrograph of the side light field of a single-mode S-type fiber.

2.2. Structure and fabrication of an S-type fiber cladding
SPR probe

According to the excitation characteristics of the S-type
fiber cladding mode, we designed and constructed a cladding
SPR sensor based on S-type fiber. The structural diagram is
shown in Fig. 2(a). The probe consists of a thin core sensing
fiber and a thick core receiving fiber. An S-shaped structure

was prepared on the sensing fiber, and the SPR sensing area

was prepared in the 2 cm cladding area behind the S-shaped
structure. The broad-spectrum light source was injected from
the left side of the sensing fiber. When passing through the
S-shaped area, most of the light transmitted in the fiber core is
coupled to the cladding. The evanescent field of the cladding
mode contacts the 50 nm gold film on the cladding surface to
produce SPR, and the cladding light is injected into the fiber
core of the thick core receiving fiber. Figure 2(b) shows an
electron micrograph of the S-type fiber cladding SPR sensing

030702-2



Chin. Phys. B 32, 030702 (2023)

probe.
(a) Receiving
&——— Sensing fiber —)(—OPtICdl 5
fiber |

E Au <

é(— Sensirlg —):
! zonel

Fig. 2. (a) Schematic diagram of the S-type fiber cladding SPR sensing
probe and (b) electron micrograph.
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Fig. 3. Preparation process for the S-type fiber cladding SPR sensing
probe.

The process for preparation of an S-type fiber cladding
SPR sensing probe is shown in Fig. 3. We first employed a
single-mode fiber (SMF-28e, Corning) to fabricate the sens-
ing fiber. Using Miller pliers, the right side coating film of the
single-mode fiber with a length of 5 cm was peeled off. The
two ends of the single-mode fiber without coating film were
clamped in the left and right clamps of an optical fiber welding
machine (FL-116, FiberLink). Using the manual mode of the
welding machine, the relative position of the two fiber clamps
on the y-axis was adjusted to produce a vertical axis offset
along the y-axis direction, and the fiber became S-shaped un-
der the action of the vertical axis offset thrust. Controlling
the welding machine to discharge, the pre melting time and
welding time were set to 0.05 s and 0.8 s, respectively, the
pre melting power and welding power were set to 70 W and
75 W, respectively, and the x-axis propulsion of the two fix-

ture motors of the welding machine was set to 0. Under the

action of vertical axis offset thrust and high-temperature dis-
charge heating, the optical fiber was bent into an S-shape. The
horizontal length of the S-type fiber area was 350 wm and the
vertical axis offset was 60 um. A fixed length cut was made
at 2 cm on the right side of the S-shaped area and the end face
of the optical fiber was cut flat. A thick core step index mul-
timode fiber (S1105/125-22/250, YOFC) was used as the light
receiving fiber. After the left end face was cut flat, the thick
core multimode fiber was welded with the right end of the pre-
pared S-type single-mode fiber. The fabricated fiber probe was
placed in a magnetron sputtering instrument (ETD-650MS,
Vision Precision Instruments) so that the 2 cm cladding area
behind the S-type area of the sensing single-mode fiber was
directly below the gold target, and the 50 nm gold film was
coated outside the fiber cladding. Study of S-type clad SPR
sensors with different gold film thickness has shown that a
sensor with a 50 nm thick gold film has high average sensi-
tivity and the deepest resonance valley. Thus the single-mode
S-type optical fiber cladding SPR sensing probe was finished.

3. Experiments and results
3.1. Construction of the experimental device

The fiber cladding SPR refractive index sensing test sys-
tem is shown in Fig. 4. The light emitted by the broad-
spectrum light source (HL-2000, Ocean Optics) was injected
into the left side of the sensing fiber and coupled into the
cladding of the sensing area after the S-shaped structure
of the sensing fiber. The evanescent field of the cladding
mode contacted the gold film on the surface of the sensing
area to produce SPR. The light receiving thick core fiber re-
ceived the cladding light after SPR, sent it to the spectrometer
(USB2000+, Ocean Optics) to collect data and then sent it
to the computer for data processing. The sensing area of the
S-type fiber cladding SPR sensor was sealed in the reaction
reservoir. Standard testing solutions with different refractive
indices were injected into the reaction reservoir through the
micro flow pump, and the tested solution was discharged into
the waste reservoir.
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Fig. 4. Schematic diagram of fiber cladding SPR refractive index sensing
testing system.
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3.2. Experimental results

As shown in Fig. 5, the single-mode S-type fiber cladding
SPR sensor was experimentally tested within the refractive
index testing range of 1.333-1.385 refractive index units
(RIU). The test results indicate that, with increase in the so-
lution refractive index, the wavelength of the SPR resonance
valley moves to a longer wavelength, from 606.27 nm to
729.55 nm, proving that the S-type fiber cladding SPR sen-
sor proposed in this paper can stably realize refractive index
sensing. Figure 5(b) shows the SPR resonance valley wave-
length for solutions with different refractive indices; the curve
shows a good linearity and the average detection sensitivity is
2370.77 nm/RIU.

For S-type fibers with different core diameters, the abil-
ity to couple core modes into cladding modes and the coupled
cladding modes will be different. Different cladding modes
will affect the resonant band, sensitivity and other aspects of
sensing performance of the fiber cladding SPR sensor. In or-
der to study the influence of core diameter on the performance
of the S-type optical fiber cladding SPR sensor we studied it
by simulation and experiment. As shown in Fig. 6, we sim-
ulated the light transmission characteristics of S-type fibers
with different core diameters using Rsoft. The total length
of the optical fiber is 5 mm, the length of the S-shaped struc-
ture is 350 um and the vertical axis offset is 60 um. Fig-
ures 6(a)—6(c) show the simulation results for step index few-
mode fibers with core diameters of 4.7 um, 9 um, and 19 pm,
respectively. Figures 6(d) and 6(e) show the simulation re-
sults for step index multimode fibers with core diameters of
50 um and 60 pm, respectively. Figures 6(f) and 6(g) show
the simulation results for graded-index multimode fibers with
core diameters of 50 um and 62.5 pm, respectively. The sim-
ulation results indicate that the cladding modes excited by S-

5000

Z (pm)

90 —60 0 60

type fibers with different core diameters are different, which
will affect the sensing performance of the fiber cladding SPR
sensor, such as resonance band, sensitivity and so on. In the
optical energy curve for the fiber cladding, the closer the value
of the blue curve is to 1, the more optical energy there is opti-

cally coupled to the fiber cladding.
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Fig. 5. Refractive index measurement results of the single-mode S-type
fiber cladding SPR sensor: (a) experimental spectra; (b) the relationship
between the refractive index and SPR resonance wavelength.
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Fig. 6. Transmission characteristics: simulated results and optical energy curve of S-type few-mode fibers with different core diameters ((a) 4.7 pm,
(b) 9 pm, (c) 19 pm), step-index multimode fibers with core diameters of (d) 50 um and (e) 60 pm and graded-index multimode fibers with core

diameters of (f) 50 um and (g) 60 pm.
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Fig. 7. Test results for few-mode S-type fiber cladding SPR sensors with core diameters of (a) 4.7 um, (b) 9 um, and (¢) 19 um. (d) The
relationship between the refractive index of the solution and resonance wavelength.

In order to further study the influence of S-type fibers with
different core diameters on the sensing performance, various
S-type fiber cladding SPR sensors with different core diame-
ters were fabricated and tested. Firstly, S-type few-mode fiber
cladding SPR sensors with core diameters of 4.7 um, 9 um,
and 19 um were fabricated and tested. The test spectra of
the SPR refractive index sensors are shown in Figs. 7(a)-7(c),
and figure 7(d) shows the relationship between refractive index
and resonance wavelength of the three sensors. From the test
results, with increase in the refractive index of the solution,
the SPR resonance wavelength moves to the long wavelength
direction and the sensing can be well realized with the fiber
cladding SPR sensor. When the fiber core is 4.7 pm, the res-
onance wavelength increases from 628.71 nm to 759.12 nm,
and the average sensitivity is 2507.89 nm/RIU. When the fiber
core is 9 pm and 19 pm, the dynamic range and sensitiv-
ity are 606.27 nm—729.55 nm and 598.87 nm—708.37 nm and
2370.77 nm/RIU and 2105.77 nm/RIU, respectively. The test
results indicate that the smaller the core diameter of the few-
mode step index S-type fiber is, the closer the SPR resonance
working band is to the long wavelength and the higher the av-
erage sensitivity is.
fibers,
multimode fibers are more complex. Multimode fibers in-

Compared with few-mode the modes in

clude step index multimode fibers and graded-index multi-

mode fibers. In order to specifically study the influence of fiber
core diameter on the working performance of the sensor when
the sensing fiber is a multimode fiber, we selected step-index
multimode fibers and graded-index multimode fibers with core
diameters of 50 um and 60 um and 50 um and 62.5 pm, re-
spectively, to fabricate the S-shaped fiber cladding SPR sensor
and perform the refractive index sensing. The test results are
shown in Fig. 8.

As shown in Figs. 8(a) and 8(b), when the sensing
fiber is a step-index multimode fiber with a core diameter
of 50 um or 60 um, the dynamic range and sensing sensi-
tivity are 616.46 nm-724.52 nm and 603.45 nm-707.70 nm
and 2078.08 nm/RIU and 2004.81 nm/RIU, respectively. As
shown in Figs. 8(c) and 8(d), when the sensing fiber is a graded
multimode fiber with a core diameter of 50 pum or 62.5 pm,
the dynamic range and sensing sensitivity are 608.03 nm—
722.18 nm and 591.44 nm-701.95 nm and 2195.19 nm/RIU
and 2125.19 nm/RIU, respectively. Figure 8(e) shows the
relationship between the refractive index of the four sensing
probes and the SPR resonance wavelength. The test and cal-
culation results indicate that when the sensing fiber is a mul-
timode fiber, the larger the core diameter is the larger the half
width and height of the SPR resonance valley is, and the worse
the waveform of the resonance valley is the closer the working
band of SPR resonance wavelength is to shorter wavelengths
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and the lower the detection sensitivity, which is consistent with
the law when the sensing fiber is a few-mode fiber. When the
core diameter of multimode sensing fibers is the same, the av-
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Fig. 8. Test results for multimode S-type fiber cladding SPR sensors: step-index multimode fiber with core diameters of (a) 50 pm and (b) 60 pm
and graded-index multimode fiber with core diameters of (c) 50 pm and (d) 62.5 pm. (e) The relationship between the refractive index of the

solution and resonance wavelength.

4. Discussion

For a fiber cladding SPR dual channel sensor based on
wavelength division multiplexing technology it is necessary to
construct two sensing areas with inconsistent dynamic range
on the same fiber. Based on the research results above, the dy-
namic range of a few-mode fiber cladding SPR sensor is closer
to the long wavelength direction, while that of a multimode

fiber cladding SPR sensor is closer to the short wavelength di-
rection. In addition, according to the geometric characteristics
of the fiber, the partial cladding mode of a few-mode fiber with
a small core diameter can be received by a multimode fiber
with a large core diameter. For these reasons, we cascaded a
few-mode fiber cladding S-type sensing probe with small core

diameter and a multi-mode fiber cladding S-type sensing probe
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with large core diameter to build an S-type fiber cladding SPR
dual channel sensor, the structural diagram of which is shown
in Fig. 9. We selected a few-mode fiber with a core diam-
eter of 4.7 um as channel 1. This fiber has a dynamic range
of 628.71 nm-759.12 nm which is closer to long wavelength
direction. We selected a graded-index multimode fiber with
a core diameter of 50 um as channel II; its dynamic range is
608.03 nm—722.18 nm which is closer to the long wavelength
direction and has a better spectral curve. In order to make
the difference between the SPR resonance working bands of
the two channels greater we introduced silver film to modify
the second channel to move its SPR resonance working band
closer to shorter wavelengths; the thickness of silver film was
50 nm. Compared with a sensing probe with 50 nm gold film,
the dynamic range of the sensing probe with 50 nm silver film
is wider, close to 100 nm. When the SPR resonance valleys
of the silver and gold film appear at the same time they can
be effectively separated. In addition, the core diameter of the
S-type fiber cladding SPR sensor can be superimposed on the
SPR resonance band and adjusted together, fully realizing the
separation of two resonance valleys under one spectral scan-
ning. Therefore, we selected gold and silver film thicknesses
of 50 nm, which give the highest average sensitivity and the
deepest resonance valley depth.
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Fig. 9. Structure diagram of dual-channel SPR sensor with double S-type
fiber cascade.

As shown in Fig. 9, the right end of the few-mode S-type
SPR sensor with a core diameter of 4.7 um (channel I) was
spliced with the left end of a graded-index multimode fiber
with a core diameter of 50 um (channel II) to form a double
S-type fiber cascade structure. A 50 nm gold film was coated
on the 2 cm cladding surface behind the left S-shaped struc-
ture, and a 50 nm silver film was coated on the 2 cm cladding
surface behind the right S-shaped structure, and testing of the
refractive index sensing ability of the dual channel SPR was
carried out.

Firstly, keeping channel II in the air, channel I was placed
in the reaction reservoir and the testing solution with a refrac-
tive index of 1.333-1.385 was successively injected into the
reaction reservoir; channel I then carried out refractive index
sensing. As shown in Fig. 10(a), the resonance wavelength

of SPR shifts from 639.85 nm to 781.12 nm, and the average
sensitivity is 2716.73 nm/RIU. Similarly, we tested channel II.
As shown in Fig. 10(b), when channel II works alone, due to
the modification of silver film, its SPR resonance wavelength
moves from 534.19 nm to 672.30 nm and the average sensitiv-
ity is 2655.96 nm/RIU. Compared with channel I, its dynamic
range is closer to the shortwave length direction, and the dif-
ference between the working bands of the two channels can be
more than 100 nm. When the channels work at the same time,
the resonance valley can be effectively separated.

In order to study the refractive index response of two
channels in solution at the same time, both channels were
placed in the reaction reservoir, and the following experimen-
tal tests were carried out. First, a solution with a refractive
index of 1.333-1.385 was successively injected into the reac-
tion reservoir of channel I and distilled water with a refrac-
tive index of 1.333 was injected into the reaction reservoir of
channel II. As shown in Fig. 11(a), the two resonance valleys
of the two channels are well separated. The SPR resonance
wavelength of channel I moves from 637.76 nm to 759.12 nm,
which is basically consistent with the resonance band when
channel I works alone. The SPR resonance valley of chan-
nel II stays still. Second, distilled water with a refractive in-
dex of 1.385 was injected into the reaction reservoir of chan-
nel I and the solution with a refractive index of 1.333-1.385
was successively injected into the reaction reservoir of chan-
nel II. As shown in Fig. 11(b), the two resonance valleys of the
two channels are well separated. The SPR resonance wave-
length of channel I stays still, and the SPR resonance wave-
length of channel II moves from 522.23 nm to 658.20 nm,
which is basically consistent with the resonance band when
channel II works alone. Finally, the solution with a refractive
index of 1.333-1.385 was successively injected into the reac-
tion reservoirs of channels I and II at the same time. As shown
Fig. 11(c), there are still two distinct SPR resonance valleys in
the transmission spectrum. The SPR resonance wavelength of
channel I moves from 627.66 nm to 759.78 nm, and the aver-
age sensitivity is 2540.77 nm/RIU. The SPR resonance wave-
lIength of channel II moves from 518.24 nm to 658.20 nm, and
the average detection sensitivity is 2691.54 nm/RIU. Which
is basically consistent with the SPR resonance working band
when the two channels work alone. Figure 11(d) shows the
relationship between the refractive index of the solution to be
measured and the resonance wavelength of the double S-type
fiber cascaded dual channel sensor under different testing sta-
tuses. It can be seen from the figure that the SPR dynamic
range of the two channels is basically consistent in various
tests. Even in the case of the double S-type cascade, single
channel independent operation and double channel simultane-
ous operation can be realized, and the refractive index result
obtained with the SPR sensor is still accurate.
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Fig. 11. Test results for a double S-type fiber cascaded dual-channel sensor with: (a) channel I in a solution with refractive index 1.333-1.385
and channel II in distilled water (refractive index 1.333), (b) channel I in solution with refractive index 1.385 and channel II in solution with
refractive index 1.333-1.385 and (c) channel I and channel II both in solution with refractive index 1.333-1.385. (d) The relationship between
the refractive index of the solution and resonance wavelength.

5. Conclusion SPR performance of the sensor was studied when the sensing

In this study, we proposed a novel S-type fiber cladding fiber is a few-mode fiber, a multimode step-index fiber or a

SPR sensor based on the characteristic that an S-type fiber can multimode graded-index fiber. The simulation and test results
couple the light in the core to the cladding. By simulation  indicate that when the sensing fiber is a few-mode fiber the
and experiment, the influence of fiber core diameter on the  smaller the core diameter of the sensing fiber is, the closer the
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dynamic range of SPR resonance is to a longer wavelength,
and the higher the sensitivity is. The few-mode S-type fiber
SPR sensor has the highest sensitivity of 2507.89 nm/RIU
when the core diameter is 4.7 um, and its dynamic range is
628.71 nm—759.12 nm. When the sensing fiber is a multi-
mode fiber, the larger the core diameter is, the closer the dy-
namic range is to the shorter wavelength direction, while the
half width height of the SPR resonance valley increases and
the curve gradually deteriorates. Based on the characteristics
that the dynamic range of an S-type fiber with a thick core
is closer to the short wavelength direction while that of an S-
type fiber with a thin core is closer to the long wavelength
direction, and that the geometric characteristics that the fiber
with a larger core diameter can receive the cladding mode of
the fiber with a smaller core diameter, a dual channel SPR sen-
sor based on cascaded double S-type fiber is constructed. The
sensing fiber of channel I is a few-mode fiber with a core diam-
eter of 4.7 um, which has a dynamic range and sensitivity of
627.66 nm—759.78 nm and 2540.77 nm/RIU, respectively. The
sensing fiber of channel II is a graded-index multimode fiber
with a core diameter of 50 pum, which has a dynamic range and
sensitivity of 518.24 nm—-658.20 nm and 2691.54 nm/RIU, re-
spectively. The proposed dual channel fiber SPR sensor based
on an S-type structure solves the difficulties in implementation
of fiber multi-channel sensors based on wavelength division
multiplexing technology and is expected to be used in medi-
cal treatment, environmental monitoring, food safety detection
and biomolecular analyte reaction detection.
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