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—2343 pm/°C, respectively

We proposed and demonstrated an optical fiber temperature sensor based on rare-earth-doped double-fiber
peanut (RDDFP). We used fibers doped with rare-earth elements to fabricate a peanut-shaped structure that can
theoretically and experimentally investigated and compared the mode interference and thermosensitive effect of the
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realize high temperature sensitivity. The sensitivity of temperature to the cladding mode and core mode interference
results show that comparing with a single-mode fiber peanut, RDDFP exhibits higher temperature sensitivity

are used and the strong optothermal effect of rare-earth element ions is combined in the proposed structure. We have

erbium-doped double-fiber peanut (EDDFP) and ytterbium-doped double-fiber peanut ( YDDFP). Experimental
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because of its stronger optothermal effect. The temperature sensitivity of EDDFP and YDDFP are 1286 pm/°C and
prospects in the fields of power systems, architecture, aerospace, and ocean development.
temperature sensing; optothermal effect
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The optical fiber temperature sensor based on RDDFP has the advantages of high
sensitivity, high repeatability, all fiber, simple fabrication, compact structure, and so on. It has good application

sensors; erbium-doped double-fiber-peanut; ytterbium-doped double-fiber-peanut; high sensitivity;
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Fig. 1 Schematic of fiber temperature sensor based on RDDFP
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Fig. 2 Simulation of RDDFP. (a) Geometric structure design; (b) simulation results of mode filed propagation of core-

mode and cladding-mode in the RDDFP; (c¢) relationship between power of core-mode, power of cladding-mode,

and total energy of RDDFP and distance of transmission
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Fig. 5 Experimental results of interference spectra of EDDFP varying with temperature. (a) Interference spectra

measured at different temperatures; (b) relationship between wavelength shift and temperature
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Fig. 6 Experimental results of interference spectra of YDDFP varying with temperature. (a) Interference spectra

measured at different temperatures; (b) relationship between wavelength shift and temperature
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Fig. 7 Experimental results of EDDFP sensor for different L. (a) Interference spectra measured at the

same temperature of 25 °C; (b) temperature sensitivity

T AEF X, £ R 1 % 1 EDDFP 525
BT WIS EOM AR, St 2|, L XF
RDDFP T3 i FSR. 4 6 b DL B i B R B A
B R,

#£1 ARREFHKE L # EDDFP 5256015 1)

T SO R U

Measured interference spectral parameters and

Table 1

sensitivity of EDDFP for different interference lengths

Free o

Extinction Sensitivity /
No. L /em . spectral
ratio /dB (pm+C™ 1)
range /nm

1 2.10 3 9.1 1286

2 2.02 6 10.4 890

3 1.90 9 11.21 672

MFERIATUAEN, ME THKE L K,
FSR F1H 56 H s /)y o 3 F1BE 38 40 A 388 o0 45 SR — 3K,
IR aT LA H, L Bk, RDDFP 9 R B b
K. BRIY T 9 K KK B, RDDFP 9 #1 #& 2 7F
RIGR . SRR Lop K B T BEORG o s ol L 5 B
WA BT 45 3R — 30, % F — 2 W 6 4R XL AR 25 1%
TGS A — R L E. TULES, KE
9 2.10 em H) EDDFP AR B R 8 E A 8 T
1286 pm/°C,

4 4 7

ASCHR W IFIFSE TR T RDDFP #7805
PR AL IS . K B R I5 5 0 AP A 6 £F i 2%

0110001-5



h =] 4 ot
RDDFP, F] A H 58 PG 0 A R 5 1 1 B AL 5% measurements [ J]. Optics Letters, 2016, 41 (6):
RAGHE . BB B 5 £ W, % F EDDFP, L F 12011204
{iﬁaﬁ B IR 1 G T r% Pk LT R, R R R T ik [10] Zhou Q, Zhang W G, Chen L, et al. Bending vector
- sensor based on a sector-shaped long-period grating
C % T gk VR R
1286 pm/°C. X§F YDDFP, H 18 B i 1 9 T [J]. IEEE Photonics Technology Letters, 2015, 27
AR B REUE A — 2343 pm/C, B FR (7): 713-716.
R B Y R R MR [11] Zu P, Chan C C, Lew W S, et al. Temperature-
insensitive magnetic field sensor based on nanoparticle
5 £ X . . .
magnetic fluid and photonic crystal fiber [J]. TEEE
1] Layeghi A, Latifi H, Frazao O. Magnetic field Photonics Journal, 2012, 4(2): 491-498.
sensor based on nonadiabatic tapered optical fiber [12] Chen L H, Ang X M, Chan C C, et al. Layerby-
with magnetic fluid[J]. TEEE Photonics Technology layer ( chitosan/polystyrene sulfonate) membrane-
Letters, 2014, 26(19): 1904-1907 based Fabry-Perot interferometric fiber optic
(2] LeiX Q, Chen ] J, Shi F Q, et al. Magnetic field biosensor [ J]. IEEE Journal of Selected Topics in
fiber sensor based on the magneto-birefringence effect Quantum Electronics, 2012, 18(4): 1457-1464.
of magnetic fluid[J]. Optics Communications, 2016, [13] WuD, Zhu T, Chiang K S, et al. All single-mode
374 76-79 fiber Mach-Zehnder interferometer based on two
[3] Gao L, Zhu T, Deng M, et al. Long period fiber peanut-shape structures [J]. Journal of Lightwave
grating within D-shaped fiber using magnetic fluid for Technology, 2012, 30(5): 805-810.
magnetic-field detection[J]. IEEE Photonics Journal, [14] Wu D, Zhu T, Liu M. A high temperature sensor
2012, 4¢6): 2095-2104 based on a peanut-shape structure Michelson
4] Koo K P, Kersey A D. Bragg grating-based laser interferometer [J]. Optics Communications, 2012,
sensors systems with interferometric interrogation 285(24) : 5085-5088.
and wavelength division multiplexing [J]. Journal of [15] BianJ C, Lang T T, Kong W, et al. A polarization
Lightwave Technology, 1995, 13(7): 1243-1249. maintaining  fiber  sensor  for  simultaneous
5] Kim Y J, Pack U C. Lee B H. Measurement of measurement of temperature and strain[J]. Optik,
refractive-index variation with temperature by use of 2016, 127(20): 10090-10095.
long-period fiber gratings[J]. Optics Letters, 2002, [16] Cao Y, Zhao Y, Tong Z R, et al. Magnetic ficld
27(15): 1297-1299 sensor based on peanut-shape structure and
(6] Wang DY, Sun M M, Jin Y X, et al. Simultancous multimode fiber [J]. Optoelectronics Letters, 2017,
measurement of curvature and temperature based on 13(3): 184-187.
optical fiber sensor[J]. Acta Photonica Sinica, 2015, [17]° Tan Z, Liao C R, Liu S, et al. Simultancous
44(11): 1106004 measurement sensors of temperature and strain based
ER R L LR S s L ES on hollow core fiber and fiber Bragg grating[J]. Acta
06001, WO, BB, X S LA R A
1 S M M. T Y X, Dong X Y. Allfiber Mach. e 57 £ 1] O 2 0
Zehnder interferometer for liquid level measurement 2018, 38(12): 1206007.
[J]. IEEE Sensors Journal, 2015. 15(7): 3984- [18] LiuQ, Bi W H, Wang S W, et al. Few-mode fiber
3988 temperature sensor based on interference between
8] Wang ] Q, Li Z, Zhao L, et al. A differential LP,; and LP;; modes[J]. Acta Optica Sinica, 2018,
pressure principle based mine wind velocity sensor 38(2): 0206001.
¥l L T F £ i =
using fiber DBragg grating [ C ]//2017 16th X, HELEL, FASC, SF BT LPo AL BGUT
S (7 /1> K S 2 L i B8 M B B2 4
International Conference on Optical Communications WY DBORET S AR AR 1] e i, 2018, 38
and Networks (ICOCN), August 7-10, 2017, (2): 0206001.
Wuzhen, China. New York: IEEE, 2017: [19] Sun M M, Jin Y X, Dong X Y. Allfiber Mach-
17466138 Zehnder interferometer for liquid level measurement
[9] Feng DY, Qiao X G, Albert J. Off-axis ultraviolet- [J]. IEEE Sensors Journal, 2015, 15 (7): 3984-

written fiber Bragg gratings for directional bending

0110001-6

3988.



