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Fiber Magnetic Field Sensing Probe Based on Magnetic Polymer Thin Film

Li Min”, Yin Jiwen™

School of Physics and Electronic Information Engineering, Chifeng College, Chifeng, Inner Mongolia 024000, China

Abstract To fabricate a high-sensitivity fiber magnetic field sensing probe based on a Fabry- Pérot interferometer,
an arc magnetic polymer thin film was integrated on the end face of a single-mode fiber using the UV curing
method. Strip magnet was used as the field source to modulate the cavity length and refractive index of the
interferometer. By monitoring the wavelength position of the interference peak, the magnetic field intensity was
detected. The magnets were placed vertical and parallel to the sensing probe, and the corresponding sensitivities of
the sensing structures were 46.77 pmemT ! and 56.37 pm*mT~'. The sensor has high sensitivity, good stability,
and wide application prospects in the various fields, including biological medicine and information technology.
Further, the sensor is inexpensive and can be conveniently manufactured.

Key words fiber optics; Fabry-Perot interferometer; magnetic; vector

Vol. 46, No. 11
November, 2019

OCIS codes 060.2370; 120.3180; 050.2230

1 5 5

e A5 B 5 N AR B B OC Bl) Z BEH
TR B AW BT B A S o0 K A U TR
SR DN 0 1) i S8 R 7 1) B A R B I 9T 0
FURT AT A 4% 4 R G 37 % AR OF ol R
FH T B85 1 7 1) A TR N e EL S0 8 % 2880
Y e A A o AR A BB RL R L R 2F IR BN AR
AR T i s T et 25 0 52 BT 5 AT R DD Ok
TEROT S RN BT OCER A B St T A A RE A Y
PR R 22 IO 21 £ 12 2 0 R 358 v 1 1 2 72 A O A
B OEAER B AR DR BRSO A G

il g 1 BT B AL SR A, JF R R T g 3 0 R A
T 2012 4R Li ARV WO RE AR S RO £
W R A 45 G 5 O 2T 0 3 15 R A L I AR Dk K B Ah
IR 1 A A B B R AR A, TR AR, Zu S
bR RN = | B e el R % N 2 M R AN LI L R BT N
56 RO LT AT A6 1 B RO AR 25 S AR
o— A RO R A, R R
1.56 nm+Oe ' (1 Oex~79.6 A/m). 2013 4F, Gao
GOV A T TR R T T R AOBET I 2o
LF ot it LY BRI 0.09 Oe o BEAMILA BF
FEN BB RE ARG 25 AR TR
LRARIAR G A5 R S5 A AR 25 L RO R

Wi B 2019-07-01; fEE BHHA: 2019-07-09; SR BHHI: 2019-07-22
HEEWMB: NEHABXEEERE2EHE AR EH (NJZY19214)
" E-mail: phdlimin@163.com; ** E-mail: yinjiwen1962@126.com

1106002-1



H

i b

SR B A R L 3K SO 2T W 7 1 SR A WP 7 R AR R AT
(M R . SR, 24 A0 R 3 1 5 R SR B — e UM
B A EBCEE RE TR T A REME R T 23 R A R IR A
i S R R N ORI -l Y e S VN TR
JEES 0 A5 BV BB 2 B RS R I R A 46 R R RE AR 4
bk G B AL A TE SR 7 B A B 5 AEL i A SR
Pl 1 TSR 5 4 i HS AR B

AR SO — I T R R A W R I R O
LF A% IR AE R . IG5 HE SR T 58 A1 O T 4k v A B
JELF v 1T 4 B T — NG SU-8 6 Z Jie WL A
WIS NS B T — RO R kA B-m
TWAOCLT W 1L Bk . 458 AR Ak Ak 2
V18 B 1 R 0 R I o) e o R B AR BRI A R
I RS P L BB A AN Mk SR AT AR IS . DI ROL AR
Vi T 5 6 1 R 5 0 W B %) 2 TR AG) B T T WAL A P A
SR « A SO AE PN BE 1 4300 G, T & B
B A RO T . BT R GOR R B A
IR P A S TR LG 7E ARG 3 VR R vk A -3 8 T
ASCHA) s K RTS8 5306 K AR s T 5 1A S S
b Al a2 e RN R VA W e %= 2 R T =R BUN 41
95 33 gk W (%) 19 8% 2l 45 312 45 1 1) 16 7 el L
PR 3 B BE B A R R A B AT W 4 W T
R SRR S SV AT RN LT A A I e R L A
FIFA Y 1Y W 9 B R BUE R 56.37 pmemT ' F
46.77 pmemT ', SCHGEE R R W, I K B 0 A8 L BE

Fe O, nanoparticles

@ 2 SIS

SRR A RS REAW T A K, AL A
FA AR B AR VEE A PR B L AR R
AT T RO A A e A TR AR T T

2 ARIRIREN ] A MR A BELE

P B GV RS W, B R TR 50 1Y
Fe, O, 49Kk 7 (H A2 A 10 nm Z£47) 50 #ifE SU-8
JEZI B (GM 10700, 3 HUR H5 TR A VW WCE T8 A
PEHERR TP 2 hoff Fe, O, 44K kL 71595 43 B 1
SU-8 S ZI B v, AR A5 34150 I R vk 3R 6 0 5 W BB 7
Bt B3 H N 40 kHz, REEAE 1) PR,

' £F i T 4R I — J2 OE 1 M R S
A v T DD 1 BB AR IR A CBL B A RETE R B Y
VW K OGER 18 S W P R R O A
WAL S B TR T IR AR DGR R L T —
J2 58 2 I IR R I, an 181 1(b) B

W5 T IO VR A YR L TR
i (85, CK-80G) WNHEAT INFAME T (G R & 9
W T IR R . IR AR ERE SR .
65 CHFAN#A 15 min, 95 CHHAN#A 40 min,

W h 1 B A ) W E T % SO IR (UVLED,
Xp-100) FiEATHEG, SEAMOLIR AW 5 (NA =0.8)
RAETOLL w0y 041k R A R b RS — R
EFOGET S 1R IR A5 R 1 (o T, BAMEI
RN A=355 nm, 5 EOEIE N 9000 mWeem ™,

fiber

|
0%y |
® |

sensor tip

B 1 R s i AR B, () fEME SU-8 6 20 I 7 WAY il 45 5 (b) i 1 3R 5 W R 5 06 2 46 05
Ce) BEAM LIRS T 1 5% & i A ol

Fig. 1 Diagrams of fabrication process of sensing probe. (a) Fabrication of magnetic SU-8 photoresist solution; (b) integrated

magnetic polymer thin film and optical fiber; (c) exposure of magnetic polymer thin films by ultraviolet light source
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Fig. 2 Optical image and reflection interferometric spectrum of optical fiber magnetic field sensing probe structure.

(a) Side view of optical image; (b) reflection interferometric spectrum
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Fig. 3 Diagram of device for measuring sensing

characteristics of sensor
[STENT R AR = B o 20 0 s I PN < P 7 Qi B W V=
) 10 7 16 1 2 S % DN 235 SR 1 52 i) B 3 /DN, T 22
R,

B4 RERR S LT 1 R B AR AR TR 2R

Fig. 4 Diagram of interaction between magnetic

field and fiber sensing probe
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Fig. 5 Deformation diagram of Fabry-Perot cavity under
magnetic field ( Thin lines and thick lines
represent the undeformed and deformed thin
films, respectively). (a) Magnet is located in

direction 2; (b) magnet is located in direction 1
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Fig. 6 Two processes of increasing and decreasing the strength of the magnetic field. (a) Reflection interference spectrum
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