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Temperature and magnetic field optical fiber sensor
based on magnetic fluid structure

LIU Ting"**, WEN Fangfang' >, ZHANG Jing" >, LI Yonggian"*’
(1. Department of Electronic and Communication Engineering, North China Electric Power University, Baoding 071003, China;
2. Hebei Key Laboratory of Power Internet of Things Technology, North China Electric Power University, Baoding 071003, Ch-
ina; 3. Baoding Key Laboratory of Optical Fiber Sensing and Optical Communication Technology, North China Electric Power U-
niversity, Baoding 071003, China)

Abstract: In order to realize the simultaneous measurement of magnetic field and temperature, a Mach-Zehnder
interferometer based on sphere-thin core fiber-sphere sensing structure was fabricated. The double parameter sensing was studied
by using magnetic fluid as the sensing structure external environment. When the external magnetic field and temperature change,
the refractive index of magnetic fluid changes regularly, and the magnetic field and temperature can be measured at the same
time. But the extinction ratio of the structure is poor, so a spherical-multi mode fiber-thin core fiber-sphere sensor structure is
improved. The results show that the magnetic field and temperature sensitivity of the sphere-thin core fiber-sphere sensing
structure obtained by single-peak demodulation are —0. 0967 nm/mT and 0. 0667 nm/°C , respectively. The improved sphere-
multi mode fiber-thin core fiber-sphere structure has a good interference effect, and the magnetic field and temperature sensitivity
are 0. 1267 nm/mT and —0. 1213 nm/°C, respectively. It has the characteristics of low cost, high sensitivity, noise resistance
and good application. The research can provide reference for the design of magnetic field and temperature double parameter
sensor.
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a—schematic diagram of sensor structure b—electron microscopic view of

the spherical node
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Fig.2 Transmission spectra of the STS sensing structure in air and magneto-

fluid environments

o TR DG A i o e B D A UKL S 3 S
WS, B & 285 1 m B R OGRE R/, TE
(EPIRYI RSN e R R

JE S AP RS R 5 T — > B RO
G 22

AP = Imax,/\ - [min,)\ (7)

A1, AHRRE A T — D B OEsR 5 1, WHE
TEPAAEHDLER . AP JEAL RGBS GG i T W ROk
BRI, T ROCR I 103 53 BAT B00m A e g 1k
fiE.
2.1.2 STSHREBwMENSREWE WHERR
GEinIE 3 i, SR IR DR O S RS SR
A &G M 4 (super-luminescent emitting diode,
SLED) S HE G , e A% 25 [ 7 | 0 HI P R ARGk
W75 B AR R I e G HDRIE B

Gaussian meter magnet

&

SENSor|

isolator
a )
attenuator

spectroscope

stabilized voltage supply
3wt ERS

Fig.3 Magnetic field sensing system

&l 4a MiZEER 1514 nm AR AR I K AE AR R 3
TRESE . B RN B IERS RS A
FERANN, Y AMINRE S A | 25 F A T B R AR T
SRR T LT A R T S S N 3, S SR A AR A
ZE0/N B (3) AT FRAE B K EERS . FRAE B A 1
PR A R S G 0 55 R ANE 4b BTR B G 5E
JFERE I R A 1 e 185 K P K 8 , 7E O mT ~
20 mT FOSEFEl PN, W B2 384 0. 4393 dB, I KR T
1.5120 nm, 453 B8] 20 mT 2 )5, PR AT A4
AH S8 ARk, 332 PR R R AR S 8 284 T RETR AR
ProPRAR LA s As il R LA AT A, 7E 1514 nm
Ab Y K E S ROBCEE 43 0 S - 0. 0967 nm/mT
0.0022 dB/mT,

TE T 3 SE G R K STS AR s B T IR KR
BB 5 min iR —REHE . XL S 1514 nm 2bFF
TEPAAEAS R BT (3 S an 8] Sa PR |, B 5 T
B0, PR LU PRI A R BB N . xR
R EE S T A AR A T S RN A R A3 2 4
KRR AL R 1 D Ak ) I8 A IS 2 5 98



B4 HaW

X

BT ARG R 0O LT IR SR8

523

-38

a
g _
E 39
el
§ -40
2 14 mT
g 4l / 2mT 16 mT
a e\ A - 461m¥ —ég m%
© —0Om m
& 42 f*»fliénTT 22 mT
~—-10m 24 mT
43 — 12mT m
1510 1515 1520 1525 1530 1535
wavelength/nm
1516.0 -41.6
b
1515.5F ; y=-0.0967x+1515.4302 /
g 1-41.8
~ —i/ :
g 1515.0F 3
g 1-42.0
< 1514.5}
z
EREICTU N ¢ \ 742
= 00100 2+0.0022 42 3119
1513.5 = ol all 424

a— R RGBT

0

5 10 15 20 25
magnetic field/mT

4 STS HfG e B

b—4EAER A P K AR B R B S G R 2

Fig.4 Magnetic field sensing characteristics of the STS

a—transmission spectra with different magnetic fields
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b—the measured

wavelength shift/amplitude of the transmission dip versus magnetic field
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Fig.5 Temperature sensing characteristics of the STS

a—transmission spectra with different temperatures

length shift/amplitude of the transmission dip versus temperature
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