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material. One hole is coated with metallic thin film on inner layer, and the diameter of the other hole is changed to
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form defect. By analyzing the relationship among refractive index, temperature and magnetic field of magnetic fluid,
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the simultaneous measurement for temperature and magnetic field can be achieved. Results show that the coupling
resonance peak and the SPR loss peak are blue shifted as temperature increasing and red shifted as magnetic field

(=1

increasing. The temperature sensitivity of the coupling resonance peak and the SPR loss peak can reach
measurement for magnetic field and temperature.
OCIS codes 060.2370; 120.0280; 120.4630

—1.338 nm/°C and —1.575 nm/°C respectively, and the magnetic field sensitivity of them are 4.333 um/T and

2.816 pm/T respectively. The proposed sensor not only has a high sensitivity, but also can achieve accurate
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Photonic Crystal Fiber High Sensitivity Magnetic Field and Temperature

Sensor Based on Surface Plasma Resonance Effect and Defect Coupling

Zhu Chenghao, Tan Ce, Wang Yan, Gao Yuan, Dong Bicheng, Ma Hanlin, Liu Hai

A new photonic crystal fiber sensor based on surface plasma resonance (SPR) effect and defect coupling
mechanism is proposed. Two air holes of photonic crystal fiber cladding in the sensor are filled with magnetic {luid
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Illustration A shows mode field distribution of SPP mode at short wavelength, illustration B shows mode field distribution of
fundamental mode at short wavelength, illustration C shows mode field distribution when SPP mode is coupled to

fundamental mode, and illustration D shows relationship among fundamental mode loss, SPP mode loss and wavelength
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Illustration A shows mode field distribution of defect mode, illustration B shows mode field distribution of

fundamental mode, and illustration C shows mode field distribution under defect coupling

(@) —n,,=1.3418 0.6 - (®) —n,,=1.3418
[ — Ny =1.348 - —n,,=1.348
1.3418 — 1.36 _nh;,=1.354 1.3418 1.36 —n::;=1.354
o 3l —n,,=1.36 = =
g g 0.4
2 2t 2
@ 5 0.2}
S 1) =2

1200 1400 1600 1800 600 700 800 900 1000 1100
Wavelength /nm Wavelength /nm

B8 (a) BReBEFEA FI(b) SPR U T J A 5 FE BE % VL 14 47 5 2 A0 < i 2
Fig. 8 Variations in fundamental mode loss with refractive index of magnetic fluid and wavelength under

(a) defect coupling and (b) SPR effect

0310001-6



H = # ot

BT LIRBEGT, 40 B BT 1 IR R R 3 % P AR A ML O R K s, b AR O R U XN
E=1/n)n/IT) , IEIKRBUE LN a=(1/A) QA/IT) EFREICLF IR . 650, =8.3 X 107" sag0, =0.55 X
10°, RERRIBREE R 0 mT W i 0 CHEME] 100 °C i1k #2 b, it B4 %8 A 55 R0 SPR 500 JE A% 451 K6 B
TR RN A 1 A8 Ak 2 S an B 9 Ca) L (b) i 7 o S AR HBY FE 06k 174 VR % o B 1R 32 1 A8 A ] 9 Co) BT » e B A 5
SPR T i I 4 1 15288 AR 433 — 1.338 nm/“C Al —1.575 nm/°C . N 20 CHF, BLFEFE A5 O T Fl
SPR RN T 35 5451 FE Bt 1 JEk 17 i B RN 9 4 19 28 AR AN T 10 Ca) L (b) I/ o S5 R 40 FE 06 o i J5€ 107 5 38 %) 28 A
K10 BrR . sk FERE G AT SPR 20N T B W43 2 85 535908 4.333 pm/T Fl 2.816 pm/ T,

@  1w0c=——oc 055y 100 C——0°C 'S©
3 L
o ~04}—o0C g
g | —0°T = 0 —20C & 40}
o —20°7C g —40C =t
S 9l—140C 2 0.3F—60C E
8% —e60C s} —80C T _got
o | —280T ° | —100 C &
% | —100C < 0.2 5
@ )
S § 712
= = 0.1 21207 L Sprefrect
0 — —e— defect coupling
1200 1300 1400 1500 500 600 700 800 900 160050 40 60 80 100
Wavelength /nm Wavelength /nm Temperature /C
B9 Ca) B IR -A 17 D0 T SEASE 45T 6 1l 2 Bl I B2 A B9 28 1k 5 (b) SPR RN, T K& AR 45 76 it 2 B il 52 R 4 i A2 Ak 5
(o) AR 6 W5 T % & Fifi R BE 1Y 72 1k
Fig. 9 (a) Variation of fundamental mode loss with temperature and wavelength under defect coupling;
(b) variation of fundamental mode loss with temperature and wavelength under SPR effect;
(¢) variation of fundamental mode loss peak drift with temperature
6F 300
_ 06 ® 0 mT—60 mT, é ©
o P = —=— SPReff
g 4l % E 200+ —— defecet c%cl’ipling
4 M 0.4 v
S g 3
< 2,
@ 2f @ 0.2 2 1001
i = S
0 : : : 0 : . : . 0 . . . .
1200 1400 1600 1800 700 800 900 1000 0 15 30 45 60
Wavelength /nm Wavelength /nm B/mT

P10 Ca) SR B RE 5115 B0 T S AR 451 6 I 12 e 0 8 2 AR 4 (A2 4k 5 (b) SPR KON T BE AR5 A B 2 J% 1oz 5 J32 AR K 1) 28 1k 5
(o) e ASE 50 6 e V2 Lk o J86 I 540 2 119 28 1
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