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Abstract In order to meet the requirements of high accuracy and rapid measurement of seawater temperature, we
propose a temperature sensing scheme based on optical fiber Farby-Perot (F-P) sensor. The sensor is composed of
silicon chip and fiber tail, and the silicon chip acts as the F-P cavity of the optical {iber F-P sensor. Temperature
sensing is realized based on the thermal optical effect and thermal expansion effect of silicon. The demodulation
algorithm of optical fiber F-P sensor is the fast cross correlation demodulation algorithm based on dichotomy, which
can realize high precision and fast demodulation. The experimental results of optical fiber F-P temperature sensor
show that the sensor can reach the precision of 0.15 °C and distinguish the temperature change at 0.001 ‘C, and the
temperature response time can reach 128 ms. The sensor is expected to be applied in the field of disposable
measurement.
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Fig. 1 Schematic of optical fiber F-P temperature sensor
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Fig. 2 Relationship between effective cavity length and temperature. (a) Silicon with thickness of 497 pm;

(b) silicon with thickness of 109 pm
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of F-P interferometer
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Fig. 5 Experimental results of temperature sensitivity of silicon based optical fiber F-P temperature sensor.

(a) Silicon with thickness of 497 pum; (b) silicon with thickness of 109 pm

4.2 5 FE Mo R B i
PR 497 pm BB EE B 6 VE G 2F F-P il EE
R AR HOTE 2 o, 5 i R A B2 5, I BR e S8
o SR e K 1 e TR 4 A 45 °C B TR K A v, —
BeBf | 5 455 ke s B HE . BT STL55 fif PR AN 42 ik
FAER A 10 Hz, Tk 2 5 e 17 s 1] I 4 119
e 2R T2 S SR AR 8 AT 3k 31 1000 Hez, [
I T R FH 43 9 30 AR X A UK 1) L 06 fie R 92 30 A7 A 9
AT AT LA 5w o7 B 8], i R S i 45 SR an & 6 T
718 T 7 R [R] FH S o BR e 1) 22 %6 1 73 96 X6 i 1) st
] 22 %R 45 RN 128 ms,
4.3 REBESSH stk

W 497 pm JEERYRE - HIAE R OCLT F-P R A% IR
PG FRMETR ST O R 0.001 °C)— 2 & TH IR K
F R GE SRGET F-P AL B8 DU 2 1) TR BE 5 b v
T T IR B S A B R DG AF F-P R AR

50

W

Temperature /°C
[ ' 'y
()l =] (@3]

w
(=

M o

0 400

800 1200 1600
Time /ms

Bl 6 JGEF F-P il BE A% IR 28 A I B ) 7 5 36 25
Fig. 6 Experimental temperature response of optical

fiber F-P temperature sensor

TR I % 22 R AN BT 7 BT o R R R 22
AR RZER R AR N 0.15 C,

3 B AR — B A RE I DL T 3 25 22 U B B A
U i 22 6 . 20 50 £ 36 2k R 5 IR /K Al 14 IR B2

1210001-4



h 5| 74 ot
0.20 Sensor, 2011(2)' 45-47.
B 015 (R4, EWERE, FRarA. RS EE e B0 2 10 i
g2 0 . + ¢ -
ES 010 .o R, SRAA R, 20123 457
§5005 s ‘ ¢ $ s O‘ [2] Zhou S Z, Cui W D. Influences of the packaging
= : ° ) ) structure of platinum resistance temperature sensor
-1 9 Terr{gerature /2% 39 on response time [J]. Missiles and Space Vehicles,
2009(3): 29-31.
BT JCLT FP A (R R i 2 P2 TS e LR 1 B 2 R
Fig. 7 Measurement error of optical fiber F-P MR HEZT]. S5 Rz %L AR, 2009(3):
temperature sensor 29-31.
T;:ﬁﬂ*i‘ 5 B AR 30 L e Sy e e [3] Z:eng 1X W, Zhen[g[ H. The ther;nometrlc err(Er ]Of
N . N thermal resistor effected by working current [ ] ].
R AR 1Y 3 PERE T, WAL s il T IR OK A, JF .
o . X Journal of Astronautic Metrology and Measurement,
FH S R B2 F 0 5 IR B2 1E R K R 0y IR 7R 2001, 21(4): 44-52.
29.887~28. 895 °C Z [u) & fb, & fb 5 M /) T FRWESC, HRAT . TR P Vo g e B 3 i (7]
0.008 °C . fif: i i £ £ 2 4% I & iy &5 SR an /&1 8 pr FAGHMEA, 2001, 21(4): 44-52.
LA LE W IR EAG RS v] DL 4 9E Y 0.001 °C [4] Zhang D P, Wang J, Wang Y J. Fast response
75 4k, properties of ocean temperature sensors based on
fiber Bragg grating[J]. Opto-Electronic Engineering,
29.945 2015, 42(3): 7-12.
— 29.895 C
O W’ —— TREHE TRE, TOKA. SGE UGV R R AL AR 1Y
o 29940} 1 /MH P i B AL (] . 6 TR, 2015, 42(3): 7-12.
g 29 s ['N ‘W 29.888 'C  29. 889 c [5] Della Corte F G, Esposito Montefusco M, Moretti L,
é* 29.935 ” ‘ [ ;ﬁ} !JH . et al. Temperature dependence analysis of the
& M Ml# ’f WW %W.M thermo-optic effect in silicon by single and double
29.930 ,\ 99,887 C oscillator models [J]. Journal of Applied Physics,
19:20:38 192331 19:26:24 19:20:16 2000, 88 (12): 7115-7119.
Time [6] Cocorullo G, Corte F G D, Rendina I. Temperature
B8 I R ORLT F-P i F 4 1 2 i ik 2 dependence of the thermo-optic coefficient in
. . . crystalline silicon between room temperature and
Fig. 8 Measured temperature using optical fiber F-P
550 K at the wavelength of 1523 nm [J]. Applied
temperature sensor at near constant temperature .
Physics Letters, 1999, 74(22): 3338-3340.
5 é:plf ‘ib [7] Jiang Y, Tang C ]. Principle and Epp]lication of
optical fiber Fabry-Perot interferometer[ M ]. Beijing:
Xd—ﬁﬂ:ﬁi H— E{Jj\[ﬁz:r_ F-P ‘{J:I]l ,f;zb u%g %ﬂ};ﬁ{g National Defense Industry Press, 2009.
N VL3, FEAZAS. S64F Fabry-Perot T ¥ A5 3 M R
BT T BT SR VA0 B B, JEET Fabry Peror T RRA S
IH] e m & J\ it [8] LiH Y, Hao F H, Li D M, ez al. Optical fiber
JE&AR AT LB 0.15 CE{JEE{ME%E’H@@N‘I@E{L Fabry Perot pressure sensor cross correlation fast
F) 128 ms, A SCELE A &R BRI, (H AR T demodulation algorithm [ J ].  Acoustics and
RINVERBELERZ AR RN B 4ent, Electronics Engineering, 2017(4): 4-7.
Sy AR R R K BRI 0 B R A FUE, R, FAHI, 5L (0
XA ], FHE 5l TF TR, 2017
U130 3 T2 D O B R A PSRRI R e
}E‘SE A1 ¥ B , HAE NN N S I =S id ’
%%E[’J;FEQ fi3 SEUUE $ 9 J2 5 P 0 [9] Jing Z G. Study on white light extrinsic Fabry-Perot
PR I R T K interferometric  optical  fiber sensor and its
. applications [ D]. Dalian: Dalian University of
& F X M

[1] Ren G X, Wang X Y, Du L B. Design of high-
precision and fastfresponse temperature measurement

system for ocean [J]. Instrument Technique and

1210001-5

Technology, 2006.
FIIRE . AYCIEARIER A B T M 15 A
Hopi A5 (D). K% KEMT R, 2006.



