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Abstract: An optical fiber magnetic field sensor was proposed and demonstrated. The sensor head is
composed of a Mach-Zehnder Interferometer (MZI) cascading with a Fiber Bragg grating (FBG). The
MZI consists of a taper structure and a peanut-shape structure, which are encapsulated in capillary with
Magnetic Fluid (MF) . The taper structure and peanut-shape structure is equivalent to an optical splitter
and a coupler respectively. The external magnetic field intensity can be measured by the variation of
characteristic wavelength as the effective refractive index of MF changes with the variation of magnetic
field intensity. The transmission peak of FBG is insensitive to magnetic field intensity, the experimental
results show that, when the magnetic field intensity varies from OmT to 20 mT, the magnetic field
sensitivity is 0. 11 nm/mT. Experimental results show that, the temperature sensitivities of the
interference peak of MZI and the transmission peak of FBG are 0. 401 5 nm/C and 0. 011 4 nm/C ,
respectively. Therefore, the simultaneous measurement of the magnetic field intensity and temperature is
demonstrated based on the sensitive matrix.
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Fig. 1 Schematic diagram of experiment and sensor structure

W2 RTEMETHEREM

Fig. 2 Sensor structure under the electron microscope
2.1 HEWSHITe
JCEFHES M M AE AR HE S M Z [ i T K L oy
2.4 cm. fEA HESS Y b B HE AL (FITEL S176) i 45 1 A »
TG 4 i T B ARG 2 (1% i TR AL J BR L O N 4 2
HOAG Ok s 4 SR B 200, B L IRF ) 750 mss SR 5 P

BRI 45 ke s 12 T T A 26 B 25 4 L 1 I S B2 58 Sy 115,
JEHERF A Ry 1350 ms; K BE B AL A4 2.4 om (94 B OF
Xof FEL B B v 3 B T Sl A S AT R 4R A L R i R
175, iR B[] S 1 350 ms #E 47 H0 4 4 5 5 % MZI
F1 FBG 7 25k. H MZL R4 G 3 1A F 6 4045 1255,
Sz v T 9 R R A S EMG 605, & — i i A A 10
e 20 K K R & A B 0 K ORI °F- 35 B A2 /T 10 nm.

6 A HE 5 R ) R 2ok o AR BROE 45 0 s 3 BRI
LI KL SR ] R4S AR 195 pm 22 A7 Y BRTE &5
A o b B 7 A 33K TR 45 A0 s 42 T 8 1) A A= A 25 4 1Y T O
P K. HL 2 i A A 4 5 R B T LT RO R B B 3
ELAR AT LS IR 21 0 A A 0 R = A A 2 o
R

3 N BB [A] T $5 K BE Bf T 96 45 4 1) 38 B 3%
T B 5 00 K 1 B 2 L, T 95 R K K ) B
AN AR A Sk aok R T S Bl i 5 8L R, AR
SEES L FRATTHIAE AL Sk 1 WK E N 2.4 em.

_22 -
—26
m
3
=
S —30
g —p y
= ; L Y .
| L LS —L=lem?, S
—38F  wF 7 e-- [=24 omEF
W e L=4 cm
1530 1540 1550 1560
Wavelength/nm

CEREEEE2Y S E T
Fig. 3 Transmission spectrum of different interference length
A B 5 K 3 2 W T R T IS % LE S 1R an BT 4, v
T W4 Dip, 783 356 #E AR BT P 1 546. 21 nm, 24
S5 K BB AR S Dipy B A R G 0] 5K 5 1)
Fo ol 2 1 539. 84 nm. &S5 Ji] ] iy 28 028 R Tt 4R
PRI L 45 S0 R A 5CHT S S 22 A28 /N SRR A I 1)
WK Ty 10 % Bl i TR 2 AR X FBG B4 5, fir DL
FBG 0 P K B KA .

—12 1
RN \fe
A T AN
% —36F ; \ ,’I \\‘
3 . \
= —42 3 DlpFB(’ “‘, :"’ )
3 “.." . — Before injecting MF
—48F vDip, ----After injecting MF
1530 1540 1550 1560
Wavelength/nm

B4 RS H % ME AR X A

Fig. 4 Transmission spectrum before and after injecting MF

1206004- 3



T o #
K 18] 4 s B 0 MF 1) 375 569 338 28 47 08 5L ot 28 4 5[
SIS L A5 3] 25 ARG R 5.l B AT LR ) S - «-"®
A B A WOR P LR B L R e g £ 20
2R B R B 1 2 i B A, A g R R fizoi??ﬁgozn
£ JZ AR R I e 0 {58 AR 0 38 43 i B AR, X 1 2 1ot
WA B : ol -~
= Ip,
10 ® Dipy,
H 0 =
87 /Cofemode 0 5 0 15 20 25 30
o I Magnetic field strength/mT
E g Dominating cladding mode ) )
T BT K MR R JE R K R
< 4r Fig. 7 Variable relationship between wavelength
> I Weakly excited cladding modes and magnetic field intensity
I 2.3 BEFEXR
0 H AL B B SRR I T e R AR R AT R R S
0 0.02 0.04 0.06 0.08 0.10

Spatial frequency/(mm ')

B 5 %k MF & 4o = 8
Fig.5 Spatial frequency spectrum after injecting MF
2.2 HHBHEXE

W F T A0 R T A T AR B A SRS A R
AR DL/ Rz g 025l 0 0 e 2 2R B S AR
W 25 C 2 AF T o A0 A 8] 5 BE 1 1 3% W8 3% O ) T
TOCLT il s FH A 0 o ok I B 1 37 5 B L S I
Yo Bt omT JF4h 4 s 2mT JE 47 — Yl & Fiid
s H il T FBG X G 37 N UG FBG 3 06 08 AR &
A IERS . A UG S v R A Ak 2 1 = T G O A
B AR AR, T i R AR B K TR E .

H1 P 6 T Y Dipes X % 37 58 8 A GO P50 R
KRR, WY 0 mT 224K 3] 20 mT. Dip, A& AEZL
#1539, 84 nm R E 1542, 08 nm,EFL2. 24 nm.
H1 P 7 AT LA Dipy 1% 3% R U 40, 11 nm/mT, 24
Wi iR g 20 mT J5 . i1 T ® 1 A B 4, Dip, JL-F-
ANFEE RS, Dippy IR W — 58 %, 35 R %

—24r

s kS .
s [ 7 ~
28 LI d N
— - )
/M\.' \ g Ss

8 : A
NAaNYER
(=} \ ’
7 —nf
e 1 | \ &/
g —36} I \ /
[—q

—40F Dip,., \/ —0mT

i ¥Dip, ——=-20mT
1530 1540 1550 1560

Wavelength/nm

B 6 345 M TR T B E &
Fig. 6 Drift curves of transmission spectrum with

changing of magnetic field intensity

5. SCE A #E Y 0 R RE 0 mT ARAE, th = | 25 CIF
Fl L BT R 2 C R — R R R H R THE R
A3 CEE T 75 5 1 B I BE A9 R A it 2 A & 8.

=25}
m —30
<]
=
2 =35
£
§ —40
T a5

—50

1530 1540 1550 1560
Wavelength/nm

M8 JASMIBENEYHAL
Fig. 8 Drift curves of transmission spectrum with

changing of temperature
SR SRR WY T REW AR BOE R EGE TS oL
A RO 22 B0 > Hii L ELR R T I K A X 1 gk
B Y TR 3 A R R A 1o S B K Ty 1wl R S R I 9
AL B L FAE R MZL T #5485 Dip, iR 2 80% 5
% 0.401 5 nm/ C ,FBG J& )& R84 0. 011 4 nm/ C.

8 -
6 [ 2.
E R*=0.9967
= - 3=0.4015x—10.0875
S 4f
=
=X [
5 L1
2 R=0.9105 = Dip,
= - 3=0.0114x—0.3054 ® Dip
ok S . .
24 28 32 36 40 44

Temperature/C

B9 BE RSN &

Fig. 9 Temperature response characteristics curve

1206004 - 4



A H A T X2 ek [a] ) A O £ 37 1 A

2.4 ZTHWHERSW

M DL SE g g5 1 mT DA, Dip, X W 08
#B R A, Dipese X L & R M ¥ 52 5% b 45 (% Dip, 1
Dipp (1 18 B2 0 37 R 8505 & B A =L (10) 7] LA )
WRAESERE U TRNLEN

PRI 4 A0 B BB 1 38 3 R R 3 5k B ) i AR R
i 1 9 & Dip, M1 Diper A28 f6 8 IRARAZ (1D B AT 3
SRR N P IR B S 3 R AR k(B S R R S G
5 114 ) B 300 4

B OSA (19635 £ 43 BE R 20 o) T [R] B 14 47 1)
1 3 R0 I B T & 9 43 BE 2R SCHD L (D) /e m

(D 1 | Kuen | | — K | T8O
== (12)
[a(HJ | D [ Ko | | Ko | Mam}

#r OSA IG5 I & 43 HE £ 0. 01 nm, B 52 5 fir
HEHEAC A S (12) , 19 31 4% 86 45 F4 TR B N i 3 0 &2 )
Sy PR30 0. 92 CHI 3. 44 mT. = (12) AT 40, I8 ¥
FIRE 3 1) I B 3 P38 52 OSA SEIg I & 7 3 R L & 5
R R B R L A% IR 2 R T R N R
A5

3 #Hit

A IFHIAE T —F MZL 5 FBG 4086/ 6 4F
1 3 1 SR A5 vy I 45 A R A 2 HE 235 4 2 i MZTL R
REZE T EME P, FYE FBG 4 s 1% k. Fl A it
o ORI B IR BEERT T 9550 R 586 ) MZ
T G5 R 7 A B T D VA W g T R R R A ARk, R
JE4¥ 59 0. 11 nm/mT.0. 401 5 nm/ C. FBG i% 4} 1%
PR B RN 0.011 4 nm/ C, X #EH A REL I,
12 A% SR 5 1) B 1% SC IR XS it [ B £, 6 LR 1R A f
P2 97 A5 AR A )z B AN A
5% 3k
[1] LAYEGHI A, LATIFI H,FRAZAO O. Magnetic field sensor
based on nonadiabatic tapered optical fiber with magnetic fluid
[J]. Photonics Technology Letters,2014,26(19) ;1904-1907.
[2] LEI Xue-qin , CHEN Jia-jia, SHI Fu-quan, et al. Magnetic
field fiber sensor based on the magneto-birefringence effect of
magnetic fluid[ J]. Optics Communications . 2016,374:76-79.
[3] GAO Lei, ZHU Tao, DENG Ming, et al. Long-period fiber
grating within D-shaped fiber fluid for
magnetic-field detection[]J]. Photonics Journal , 2012, 4(6):
2095-2104.
[4] BAI Zhi-yong, ZHANG Wei-gang, GAO She-cheng ,
Compact long period fiber grating based on periodic micro-core-

offset[J]. Photonics Technology Letters,2013,25(21); 2111-
2114.

using magnetic

et al.

(5]

(6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

ANDRE R M, BIAZOLI C R, SILVA S O, et al.
temperature discrimination using multimode interference in
tapered fiber[J]. Photonics Technology Letters,2013,25(2)
155-158.

FRAZAO O, MARTYNKIEN T, BAPTISTA J M, et al.
Optical refractometer based on a birefringent bragg grating
written in an H-shaped fiber[J]. Optics Letters,2009,34(1):
76-78.

NI Xiao-jing, HUANG Min.

magnetic field sensors based on cerium-substituted yttrium iron

Strain-

Faraday effect optical current/

garnet single crystal [ C]. Power and Energy Engineering
Conference(APPEEC), 2010 Asia-Pacific:1-4.
CHENG Ling-hao, HAN Jian-lei, GUO Zhen-zhen, et al. A
novel miniature magnetic field sensor based on faraday effect
using a heterodyning fiber grating laser[[CJ. 2012, Photonics
Global Conference(PGC) . 1-4.
BAUDENDISTEL T A, TURNER M L.
magnetostrictive force sensor[ J]. Sensors Journal ,2007,7(2) .
245-250.

WANG Xiang, PU Sheng-li, JI Hong-zhu, et a/. Enhanced

magnetic-field-induced optical properties of nanostructured

A novel inverse

magnetic fluids by doping nematic liquid crystals [ ] .
Nanoscale Research Letters. 2012, 7(20): 1421 - 1421.

DENG LIU Jin, ZHAO
Enhancement of switching speed by laser-induced clustering of

Hai-dong, Wei-ren, et al.
nanoparticles in magnetic fluids[J]. Applied Physics Letters .
2008, 92(23) . 233103.

ZU Peng, CHAN Chi-chiu,

Temperature-insensitive magnetic

LEW Wen-siang, et al.
field
nanoparticle magnetic fluid and photonic crystal fiber [ ]].
IEEE Photonics Journal, 2012, 4(2) :491-498.

WU Ji-xuan, MIAO Yin-ping, WEI Lin, Dual-
direction magnetic field sensor based on core-offset microfiber
and ferrofluid [ J ]. Photonics Technology Letters, IEEE.
2014, 26(15): 1581-1584.

HUANG Guo-jing, ZHOU Bin, CHEN Zhuo,
Magnetic-field sensor utilizing the ferrofluid and thin-core
Sensors Journal, 2015, 15

sensor based on

et al.

et al.

fiber modal interferometer [ J].
(1): 333-336.

LUO Jian-hua, ZHANG Gui, XIE Nan-jie, ezal. A magnetic
sensor based on a hybrid long-period fiber grating and a
magnetic fluid[J]. Photonics Technology Letters, 2015, 27
(9): 998-1001.

TONG Zheng-rong, LUAN Pan-pan, CAO Ye, et al. Optical
fiber magnetic field sensor based on cascaded down-taper and
spherical structure[ ] ]. Optical Engineering . 2015, 54 (8):
087106-1-087106-4.

LUAN Pan-pan. Research on interferometric sensor based on
optical fiber taper structure[ D]. Tianjin: Tianjin University
of Technology,2015:25.

AR WY, TG HEAS M T b R R ER PF SR (D], Kt K
T R %,2015:25.

HILL K O, MELTZ G. Fiber bragg grating technology
fundamentals and overview [ ] ]. Journal of Lightwave.
Technology,1997,15:1263-1276.

WU Di.
structures with mode-field abrupt change [ D]. Chongqing:
Chongqing University,2012:13-19.

il BTGB AR G A I AR AL AR R [D]. FE K.
KK, 2012:13-19.

Study on optical fiber sensors based on the fiber

Foundation item: The National Hightechnology Research and Development Progrom of China(No. 2013AA014200), the National Natural
Science Foundation of China(No. 11444001), the Municipal Natural Science Foundation of Tianjin(No. 14JCYBJC16500).

1206004- 5



