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Abstract

In this study, a high-sensitivity temperature sensor based on surface plasmon resonance (SPR) is

designed by plating gold thin layer and PDMS temperature-sensitive film onto the outer layer of photonic crystal

fiber (PCF). It has the advantages of a simple structure, mature process, and good reversibility. The refractive

index of PDMS decreases with the increase in temperature, causing the loss peak of the core mode to move toward

the short-wave direction. The full-vector finite element method is used to analyze the SPR-PCF loss spectral

characteristics under the condition of a perfectly matched layer boundary, which can achieve highly sensitive and

accurate temperature measurements. The temperature sensitivity of the proposed sensor has been observed to reach

—8.18 nm/°C within the temperature range of 22—47 °‘C. Furthermore, the proposed measurement method is

applicable in safety detection and intelligent monitoring fields.
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Fig. 1 SPR-PCF sensor. (a) Structure diagram of temperature system; (b) cross section of PCF
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Table 1 Influence of different parameters on loss peak, sensitivity, and linearity
Parameter Available range Loss Spectral shift Sensitivity Linearity
{1 /nm 30-40 Decrease Red shift Increase Decrease
L,/pm 1.00-1.20 Increase Blue shift Decrease Decrease
A /pm 2.95-3.20 Increase Blue shift Decrease Decrease
d,/nm 350-450 Decrease Blue shift Decrease Increase
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Table 3 Characteristic comparison of PCF temperature sensors

Type Year Sensitivity /(nm+°C ) Resolution /C Sensitization method
SPR 2015 0.5 0.02 Chloroform &. ethanol
SPR 2016 3.08 0.01325 Anhydrous ethanol
Directional coupling 2017 —6.02 0.00332 Toluene
Proposed 2019 —38.18 0.0123 PDMS
. (21): 6948-6952.
4 élﬂ:': T [7] Du C, Wang Q, Zhao Y, et al. Highly sensitive

ARSCHE T — Rl BT SPR #V 1Y PCF i £
JRES B ST T A MEREAR  R A = I
AL T7E PCEF AL 3 78— O I B50pE B 70 2F
AN 2 SEYETE 18R T A% 8% 38 B 25 b 50 BT B 1) S
R I B . R A BR 0T % i 18 465 440 174 T, 8 A% T4
PEFEAT T o0 M, a5 R I AE R FF R AP BE B 00 T
A% A 0 U BE R ERE RN 4 P53 I O — 8.18 nm/°C
F10.0123 °C, r 4% 82 H A AR i 1y S HIE .

2 % x M

[1] Wang Y, Huang Q, Zhu W J, et al. Novel optical
fiber SPR temperature sensor based on MMF-PCF-
MMF structure and gold-PDMS film [J]. Optics
Express, 2018, 26(2): 1910-1917.

[2] Zhong X Y, Wang Y P, Liao C R, et al.
Temperature-insensitivity gas pressure sensor based
on inflated long period fiber grating inscribed in
photonic crystal fiber [J]. Optics Letters, 2015, 40
(8): 1791-1794.

[3] Yadav T K, Narayanaswamy R, Abu Bakar M H, et
al. Single mode tapered fiber-optic interferometer
based refractive index sensor and its application to
protein sensing[J]. Optics Express, 2014, 22(19):
22802-22807.

[4] DuHF, Sun XY, Hu Y W, et al. High sensitive
refractive index sensor based on cladding etched
photonic crystal fiber Mach-Zehnder interferometer
[J]. Photonic Sensors, 2019, 9(2): 126-134.

[5] Liu C, Wang F M, Lu J, et al. A highly
temperature-sensitive photonic crystal fiber based on
surface  plasmon resonance [ J . Optics
Communications, 2016, 359: 378-382.

[6] Yang X C, Lu Y, Liu B L, et al. Fiber ring laser
temperature sensor based on liquid-filled photonic

crystal fiber [J]. IEEE Sensors Journal, 2017, 17

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

0404003-6

temperature sensor based on an isopropanol-filled
photonic crystal fiber long period grating[J]. Optical
Fiber Technology, 2017, 34: 12-15.

Ma J, Yu H H, Jiang X, et al. High-performance
temperature sensing using a selectively filled solid-
core photonic crystal fiber with a central air-bore[J].
Optics Express, 2017, 25(8): 9406-9415.

Shi M, Li S G, Chen H L. A high-sensitivity
temperature sensor based on Sagnac interferometer
employing photonic crystal fiber fully filled with
ethanol[J]. Applied Physics B, 2018, 124(6): 94.
Sazio P ] A, Amezuca-Correa A, Finlayson C E, et
al. Microstructured optical fibers as high-pressure
microfluidic reactors[J]. Science, 2006, 311(5767):
1583-1586.

He C Y, Fang J B, Zhang Y N, et al. High
performance all-fiber temperature sensor based on
coreless side-polished fiber wrapped with
polydimethylsiloxane[J]. Optics Express, 2018, 26
(8): 9686-9699.

Geng Y F, Wang L N, Tan X L, et al. A compact
four-wave mixing-based temperature fiber sensor with
partially filled photonic crystal fiber [J]. IEEE
Sensors Journal, 2019, 19(8): 2956-2961.

Jeong S W, Bolortuya S, Eadi S B, et al. Fabrication
of superhydrophobic surfaces based on PDMS coated
hydrothermal grown ZnO on PET fabrics[J]. Journal
of Adhesion Science and Technology, 2020, 34(1):
102-113.

Velazquez-Gonzalez ] S, Monzon-Hernandez D,
Martinez-Pinon F, et al. Surface plasmon resonance-
based optical fiber embedded in PDMS for
temperature sensing [J]. IEEE Journal of Selected
Topics in Quantum Electronics, 2017, 23(2): 126-
131.

Cai D K, Neyer A. Cost-effective and reliable sealing
method for PDMS ( polydimethylsiloxane )-based



th i

#

G

[16]

[17]

[18]

[19]

[20]

[21]

microfluidic devices with various substrates [J].
Microfluidies and Nanofluidics, 2010, 9(4/5): 855-
864.

Hassani A, Skorobogatiy M. Design criteria for
microstructured-optical-fiber-based surface-plasmon-
resonance sensors[J]. Journal of the Optical Society
of America B, 2007, 24(6): 1423-1429.

Zhang XY, YuY S, Zhu C C, et al. Miniature end-
refractive index and
temperature IEEE Photonics
Technology Letters, 2014, 26(1): 7-10.

Park CS, Joo K1, Kang SW, et al. A PDMS-coated

optical fiber Bragg grating sensor for enhancing

capped fiber sensor for

measurement [ ] .

temperature sensitivity [J]. Journal of the Optical
Society of Korea, 2011, 15(4): 329-334.
Cruz-Garcia M A, Moreno-

Herndndez C, et al. Optical fiber temperature sensor

Hernandez-Romano 1,

based on a microcavity with polymer overlay [J].
Optics Express, 2016, 24(5): 5654-5661.
Akowuah E K, Gorman T, Ademgil H,

Numerical analysis of a photonic crystal fiber for

et al.

biosensing applications[J]. IEEE Journal of Quantum
Electronics, 2012, 48(11): 1403-1410.
Wang Q, Ding Y, Tan C,

temperature sensor of a long-period grating written in

et al. Dual resonance

a liquid-filled photonic crystal fiber [J]. Journal of
Quantum Optics, 2018, 24(1): 84-92.

[22]

[23]

[24]

[25]

0404003-7

EW, TH, WK, . OREREFEET RAOLT KM
HOGA OO P A% RS 1 i 5Ok D] &
FEER, 2018, 24(1): 84-92.

Steel M J, Osgood R M. Elliptical-hole photonic
crystal fibers[J]. Optics Letters, 2001, 26(4): 229-
231.

Zhu C H, Tan C, Wang Y, et al. Photonic crystal
fiber high sensitivity magnetic field and temperature
sensor based on surface plasma resonance effect and
defect coupling[J]. Chinese Journal of Lasers, 2017,
44(3): 0310001.

Sk, R, £B, . T SPR BN B EE S
ML T AL B R R S IR EE RS D]
[0, 2017, 44¢3): 0310001.

Zhu H X, Ye T, Zhang K F. Study on high
sensitivity pressure sensing characteristics of photonic
crystal fiber [J]. Laser Technology, 2019, 43 (4):
511-516.

RUTPE, M, KeEdE. LT RUAOLE S RBUE R )
R PERT 5T [T]. WOLHE AR, 2019, 43 (4): 511-
516.

Saitoh K, Koshiba M.

distance beam propagation method based on a finite

Full-vectorial imaginary-
element scheme: application to photonic crystal fibers
[J]. IEEE Journal of Quantum Electronics, 2002, 38
(7): 927-933.



