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Abstract: To fulfill the requirements of small volume, low cost, anti-interference ability, high
sensitivity, and real-time and accurate temperature measurement in a complex environment, a double
Fabry-Pérot (F-P) fiber optical temperature sensor based on end-face corrosion was proposed. The
sensor was fabricated by fusion Endlessly Photonic Crystal Fiber (EPCF) with a Multi-Mode Fiber
(MMF). There are three F-P reflectors: one between the Single-Mode Fiber (SMF) and EPCF, one
between EPCF and MMF, and one at the interface of MMF and air. The first F-P cavity was formed
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by the fusion of a SMF and a 2-cm EPCF, the second F-P cavity was formed by fusion splicing an
MMF and EPCF; finally, a probe structure was obtained by hydrofluoric acid etching. A wavelength
modulation sensor with double F-P structure was constructed by using the composite structure as the
sensing probe and the multi-beam interference sensing principle. Simultancously, a temperature
sensing test system was constructed. Results show that in the range of 28-81 “C, the wavelengths of
the reflection spectra appear red-shifted with increasing temperature, and the linearity between
temperature and wavelength shift is 0. 998 37. The sensor has high sensitivity, which reaches up to
64.6 pm/°C. These sensors may have a potential application for small-range temperature measurements in
complex environments.,
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Fig. 1 Schematic diagram of sensor probe
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Fig. 2 Micrograph structure of fiber tip
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Fig. 3 Experimental setup for temperature sensor
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2 & k-

(1] @, R, a5, F. P EE /DGO

MR R R Sk [T]. k& & &, 2017, 25
(12):3105-3110.
TIAN H, CHEN T T, BAI Y, et al.. Medical
miniature fiber grating temperture sensing probe en-
capsulated with glass [J]. Opt. Precision Eng. ,
2017, 25(12): 3105-3110. (in Chinese)

[2] R AP &, W B, F. 5T SEMHE B )Z R
JIREI s S SR [T, RS A E T, 2016,
24(10) :346-352.

HAO B, ZHONG ZH CH, LINJ, et al.. Monito-

1 540
g |3
= Z
g z
W
=
&
8 . .
B 1336 1534 1536 T8
] Warvelength/nm
=
e =1 531.218-0.064 6x
LA R=0.998 37

30 40 50 60 70 80
Temperature/

B 5 BT AR A% 4 5 IR A O 2 AR R
Iri 3R B BT %o 7 4 52 49 O 1 [

Fig. 5 Wavelength shift as a function of temperature.
Inset shows reflectance spectra of sensor at
different temperatures

4 # ®

ARSCHET 26 13 B8 42 HOE £ 33
F-P AT 5 AL A 1 i 46 vk . A R
[l 2T ) 4 He A2 5 10 2 80 OB B 1 R I S SR
() F-P S5 T 5 1T 2000 20 phovk i & T
KRy 202 g, AR U3 T ELAR N 5. 07 pm B9 RUREE
Bt NG RRER AT TR R R AR IR ST A S5 AR R
B . B 25 O BB 1 88 K (FE 28 ~81 °C) . T % it i ke
LT I B AR SRR I R SO R A 20 R, B KIS
B RE E RAF A M E R L R R B
0.998 37, REUEIL 64. 6 pm/°C., ZGFEAFEA &K
BUNEER 5Tl REE & T om0
A TE /N P L 0 5 8 sk LA T 1Y IO A (L

ring method and experiment for stratum stress based
on fiber Bragg grating sensing [ J]. Opt. Precision
Eng. . 2016, 24(10): 346-352. (in Chinese)

[3] Fdh.Re-F, &R, & T A A0S F 1 oK

WRROGL A hrag St AR A Ay [T). A% HE T
A, 2014, 22(2).:311-317.
WU J., WU H P, HUANG J H. et al.. Large
range FBG sensor for ship structure health monito-
ring [J]. Opt. Precision Eng. . 2014, 22(2): 311-
317. (in Chinese)

(4] Fafe Bws. . F bl B- 0y TR
FEE BRI B R [T]. 40 72 5 3R, 2017, 66
(7):102-118.

ILIZ 1. LIAO CH R. LIU SH, et al.. Research



770

T TR

%27 &

(6]

7]

L8]

9]

[10]

[11]

[12]

progress of optical fiber Fabry-Pérot interference
temperature pressure sensing technology [J1. Acta
Phys. Sin., 2017,66(7): 102-118. (in Chinese)
ZHAN G C, TONG X Y, SONG L. P, et al.. Re-
search progress and development of sapphire fiber
sensor [J]. Sens. Transducers, 2014,174. 8-13.
SLONEKER K C. Life expectancy study of small
diameter type E, K, and N mineral-insulated ther-
mocouples above 1 000 °C in air [J]. Int. J. Ther-
mophys. . 2011,32: 537-547.

SROE A, ) 3&, A4k, S OR R IR 2540 MR OE IR E (Y
LU IR A [T]. F B % ,2014,7(D) ; 150-155.
ZHANG X 1., LIU Y, WANG ], et al.. Infrared
thermometry technology with different nonuniformi-
ty correction temperatures [ J]. Chinese Optics,
2014,7(1): 150-155. (in Chinese)

SAUNDERS P, FISCHER J, SADLI M, et al..
Uncertainty budgets for calibration of radiatio ther-
mometers below the silver point [J]. Int. J. Ther-
mophys. » 2008.29, 1066-1083.
HAO X, YUAN Z, LU X, et al..
effect difference between direct and indirect meth-
IJ. Ther-

Size-of-source

ods of radiation thermometers [J]. Int.
mophys. s 2011,32: 1655-1663.
CHOIH Y, PARK K S. PARK SJ. etal.. Mini-
ature fiber-optic high temperature sensor based on
a hybrid structured Fabry-Pérot interferometer
[J]. Opt. Lett. , 2008,33(21): 2455-2457.

WA EF 2 F kAR ARG LR AT B- Y T
WA EAR IR B etk [J]. s b T3 &,
2017(11) : 65-70.

LLIUJ P, WANG Y, LIU J H. Temperature char-
acteriston of extrinsic fiber Fabry-Pérot interfero-
metric sensor [ J]. Laser & Optoelectronics Pro-
gresss 2017(11) : 65-70. (in Chinese)

ZHANG X, PENG W. SHAOL Y. etal.. Strain

and temperature discrimination by using tempera-

EEE N

B AR (1976 =), B WA 1
+ L, 8z, 2008 4T U K 2E kA5 T+
i 2207 ,2009—2011 AEE R K% “ 2= T
e 7 I 3 3 i S, 2011—2012 4F
e RN 2% 4. 2013—2014 4F %
FE BT 0, R 2 U 0] 2 3, BN Fiok e
DIfebt Bt 5 8800 7 A% . E-mail ;

wenlinfeng@126. com

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

ture-independent FPI and FBG [J]. Sens. Actua-
tors A: Phys. , 2018,272; 134-138.

CHEN Z, XIONG S, GAO S. etal.. High-tempera-
ture sensor based on Fabry-Pérot interferometer in mi-
crofiber tip [J]. Sensors, 2018,18(1): 202-208.

YU H, WANG Y, MA J, etal.. Fabry-Pérot in-
terferometric high-temperature sensing up to 1200
C based on a silica glass photonic crystal fiber
[J]. Sensors. 2018.18(1) . 273-281.
KOU J L, FENG J. YE L, et al..

fiber taper reflective interferometer for high tem-

Miniaturized

perature measurement [ J]. Opt. Express, 2010,
18(13): 14245-14250.

JIA P, FANG G, LIANG T, et al.. Temperature-
compensated fiber-optic Fabry-Pérot interferometric
gas refractive-index sensor based on hollow silica tube
for high-temperature application [J]. Sens. Actuators
B: Chem. , 2017,244 . 226-232.

FERREIRA M S, COELHO L., SCHUSTER K.
et al.. Fabry-Pérot cavity based on a diaphragm-
free hollow-core silica tube [J]. Opt. Express.
2011.36: 4029-4031.

QUAN M G, TIAN J J. YAO Y. Ultra-high sensi-
tivity Fabry-Pérot interferometergas refractive index
fiber sensor based on photonic crystal fiber and Verni-
er effect [J1. Opt. Lett. , 2015,24; 4891-4894.
TAN X, LI X, GENG Y, et al.. Polymer micro-
bubble-based Fabry-Pérot fiber interferometer and
sensing applications [J . 1EEE Photonics Techn-
ol. Lett., 2015,27: 2035-2038.

BoObm A2, &R BT R - T
SRR IR [J]. A B 5 #m A%, 2017, 36
(4):124-127.

DUAN D Y. CHENG J, GAO R, et al.. Tem-
perature sensor based on fiber Fabry-Pérot inter-
ferometer [J]. Transducer and Microsystem Tech-
nologies, 2017,36(4): 124-127. (in Chinese)

% #1994 . L EHRRKRN, B+
5T A, 2017 4% F 4 BH I 38 2% BE 3K 15
22, TN FOCE 8 KT 7
T A B 58 . E-mail: 1823510572 @ qq.

com



