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Optical Fiber Seawater Temperature and Salinity Sensor Based on
Surface Plasmon Resonance
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Abstract With the aim of achieving the simultaneous monitoring of changes in seawater temperature and salinity, we
propose a surface plasmon resonance (SPR) sensor based on photonic crystal {ibers (PCFs). The sensor probe is realized by
fusing a segment of PCF between two segments of multimode fiber and plating a gold film on the surface of the PCF to
stimulate the SPR phenomenon. This scheme combines the fiber optic SPR sensing probe with the temperature-sensitive
material polydimethylsiloxane to form a dual SPR effect, achieving the simultaneous detection of the temperature and
salinity of seawater. The experimental results show that the maximum temperature sensitivity of the sensor is —2. 021 nm/°C, and
the maximum salinity sensitivity is 0.418 nm/%, . This sensor has a small volume, simple production, and excellent
performance. It is suitable for multi-parameter and distributed measurements of seawater and has good application
prospects in liquid substance measurement.

Key words optical fiber; surface plasmon resonance; salinity; temperature

A o B A e i i K R I Ty vR AN vl i AR
o R RE e (HE B A AR BR e K B 5 5, 2 2 B LG T
E K P & SR E BRI R B SOIEVE A B TERR R AN KT MR B KR P T A Rk

SR A IO L i el A B T B R R AR AR R RO Q’JT%M\%%EWK‘M&UWJE“E
BB SE S, T i A M Rk ez — . 1o MIILZ T DCe L B I LA R AL R RE /NS
Xt R il R AR AL BEAT SE R I BERE T L B AR, R BT R G T DL RE D A 1§$§ﬁﬁ'éjjﬁﬁ
WLt T fige T K AR #ﬁﬁﬁ/@ﬁ&.f“ﬁf&i&@ﬁ ik BRI

Rl AL U T DX R R S R R AR B R AT 4y UTAEK , VFZ BT 51 B 48 ) 2 FhOla 47 12

KRS B HEE. 2023-02-28; f&EHHEE: 2023-04-04; A B 2023-04-28; MEHEZBH: 2023-05-08
HETH.: FEARR¥EE4 (U22A2021,61933004,62201134) s 25 4 KL A BHIF AL 45 %% (N2123014)
BIS1E#& . zhaoyong@ise.neu.edu.cn

1106026-1


https://dx.doi.org/10.3788/LOP230742
mailto:E-mail:zhaoyong@ise.neu.edu.cn
mailto:E-mail:zhaoyong@ise.neu.edu.cn

R RIEX
FERRI LA eE T WAL DR e
o 2T 25 B AR SE YR (SPR) fE g 4 L Hidh ok
£F SPR & 2% DAL AR B i) 47 5 26 A5 e v A A0 4, 7
R ) 40l 2L AR K 4 0 AT . AR G B O £F SPR A%
AR FURE X B — S B AT A I 7 X 9 2K X A A 2% 1)
B BTN L SRR ek R TR . 5
i A9 SPR & 18 E8 A1 L, 25 T XUEE SPR O, A6 7 %6
AT L X b R 00 Z81) AN [) 118 6 2 A 5 XoF AN [) 728 2 %) i) i
ZEF S ARSCHE T — I K R R IR R I Y
H4F SPR G B # o 1% 1% Bk A%l 1 76 W B 2 B £F
(MMF) i # $: — B+ ROt 47 (PCF) , 78 PCF I
B 4 B LA & SPR AN , 78 PCE 3 3 X 38l [ £k i3 B2 %
AT R P R 4R B (PDMS) |, fie 28 52 BB A A5 J%
5K R WS B0 o K B A PDMS X R A i
BRORR X3, o —EB 434 S 6 R AR DXl () s 000 7 7K
IR B R R B AR B o xR IR BR R B
XU 500N e S5 0 A S0 L At A 10 50 S 1% A 2 4[] B
A AT S R

2 HigHYE

2.1 HHFSPREHE

SPR &N S — Fh (1 56 19 4 5 5 R PRk 1 R Bk
Mo LG Y SOk A% i 1) A1 3% T vk B A A G AR
S S R 10 -4 B A T Ak R R A P RO, 7 AR ARG
W o AT B R K/ K, TR OR R

Klzgx/gsinﬁ, (1)
.

P w ROEUE AR c B TR s e, M EF IS
YA R 0 A

Gt % 2551 & 4 Jm R A [ B 7 AR R A
TP (SPW), Hli R KANK, R

L w | ee

KSP77, e te’ (2)
P e G IR W 8 e AN IR B A TR 9 L
R A0 O I R 5 AR A BT MR Ik T
fic , B

K. =K, (3)

w . w | e
— & Sln&spr:7 , (4)
c C A et e

20, o SPRIR A 2, eI, 08 i 5 3 1 45 B 1
PRI e A AR, AR OGRSy RE T A% AL O A il e T
PR BBl AE , 7 A2 SPRAUNL , B S L B9 fE 5l e,
o A5 S 55 O 14 5 B2 S AR, 7 i o O 1 P R —
e I AT e B SPR b iR 0 | 5 2 5 AR A BT 68 7 ) 90 1
R LRI o SEIRIE K A, TR om K

B, A

£ 6055 11H/2023F 6 B/BASXBEFZHE

1 1
Asp:/l() 7_._7’ (5)
& [P

A A A S o il i R i B9 SPR & Jg 4 I

LR P Y A8 AL 32 B A0 FRER BT T S R B

SPR AR U 64 7 B, Al LSz B 6 25 S0 i S 3 60 8

PGB o SPR LR I 1) F8 81 Adgpr 5 3T TR AL AL

IR Af 19 FEAE S o 27 A2 IR (19 31 36 R REUE -
Alspr

S= -
AfRIU

(6)

2.2 fERIRLHIME

R RS W E 1 iR, i MMF-PCF-MMF 45 #4
2R, FE Bt MMF (4008 B A2 62,5 pm, )2 A2 N
125 pm) (Al i HDG LR HEPL(FITEL s179¢) ) 4% —
Bt PCF(# 5 J LMA-ENDPCF-16/125, 4F s H & N
16 pm, )2 HAE N 125 pm, &= KL EHA A 1. 05 pm) ,
PCF KB 2 emo J $2 B 09 50 AL 58 3 R 100, ik Ha B
& >4 300 ms.

PDpyg

1 BUE SPR AN 45 44 56 4 15 R Sk
Fig. 1 Optical fiber sensor probe with double SPR

effect structure

PEFEAE PCF £ 1045 4 i &% SPR &N, 45 I 15 45 K
FHPEE Q300T D &8 7k 5543, 3 28 2i 48 H 37t 58 J3E 5 i)
[i) X6 < MV A A 28 i o o 0 RS IRE i v P R B
20 mA, B H I E] B GE R 160 s, M R R 4 I JEE EE Ny
40 nm. R T & XE SPR AN, 7E— 4 PCF L [#
b 36 B U B PDMS . PDMS [ 4k 3 B Sy < RO
Ik 10: 1 PDMS 5 EfLH ,IRG WS )E  #E
30 min i PDMS 1R & 157 Jo B W S I, 4 H ok 2 )
JEEF b O A AT B AR IR R S 80 °CL,
8 B[] S 150 min, BT PDMS A9 47 5 % (1. 40~
1.42) @ T K97 518 (1. 33~1. 34) , 440 R IR 55 P i
SRAR AR B AT DL ] B B A4S SPR R 1
2.3 BKEBELE

TR RGN 2 Fr s . ALEE K ORI AR ISk
TP REAL (HE VP2, QEPro) A ML L K H IR 46 .
e TR Sk SR DU 3R £ 0 45 B 3% e R A4 (UV) i F
A B . ok 5 2 OC TR A9 2 i 15 R R Sk i
T 7K AT I 28 0 A8 Ak 25 5 1R A% R X O U ) A2 AR, SR TS
Fo it A SETEAL , Fe 20T LAAE TS AL 3K 15 A R () SPR

1106026-2



B R IL

F£ 6055 11H/2023F 6 B/BASXBEFZHE

(@) (b) ()

K2 9B F gt (a) ) FROLI; () HEEEIE AL (o) 3L
(d)fE A 5 (e ) 5 IR K
Fig. 2 Experimental system. (a) Halogen light source;
(b) marine spectrometer; (c) computer; (d) thermostat;

(e) sensing probe
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Fig. 3 Seawater temperature experiments. (a) Experimental spectrograms; (b) linear fitting diagram
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Fig. 4 Seawater salinity experiments. (a) Experimental spectrograms; (b) linear fitting diagram
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Table 1 Sensor performance comparison

Category Sensing theory RIU Sensitivity /(pm/RIU)  Temperature sensitivity /(pm/°C)  Reference
Connection in series Sagnac-t Interferometer 218560 1700 [15]
Connection in series FPI+SPR 2565400 394.3 [16]
Connection in series LPFG+MZI 165040 255.52 [17]
Connection in series FBG-+FBG 10300 9.94 [18]

In parallel SPR-+SPR 2369. 518 2021 This paper
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