B 44% B THI/2024 F£ 4 B/REER

K EHRIK

it 1A I AT ML - B0 25 T

YELT gl A5 14 2% i

SRS

REE", DT AFRL BTR IRE BX, KEE'
TR T BB BRI 9% 710021,
T BRI, BT 7% 710024,
TR ARG, DR 19% 710065

Sy RO R R i v ) o = 9 RV B i 02 I L2 R TATI - 51 7 N ool =2 L N R eV e e IS e S K
RS . R RES AT T B AT SO ISR T A MBS I RS, R AT 5 . SRR
0~60 MPa 1% #7725 H 77 0 5 905 5] A, A% 8% 1% I 4 28 38 R s 4 % 0 43 531 0 0.0809 nm/MPa 1 0.3200 nm/MPa, 5 i
25 R — B R g A R S T AR IR A B A B TR AR 7.41 MPa fl_E T E R 75 ns B9 s R S o

KEEF LA R - s R, TR
FESES 0436 XHkARERD A

1 Al =
el R — b I8 THT A5 R T B A S A R AR
6 19 1 246 90, FC LR R AR R AR SR BR AT L, 9 A i

W R EERESEOR AN ELE R . i
W I J A% B BAT R g ) g e fE A2 ALk B
T ] PR A R o B2 R A T A L LURE
Mz gl o A . e Xk 5 24 B0 B AR
TR RAT IR VG HLE AT 2 A H R
R A WS o Bl X i S F S IR A AT R
B iy P B AR A T Z W R OHE, E 8O0 T A T
R IR I AR W B BRI AR SR TR R
it P AE S B A H A

ok I PR TR o5 A 49 e i s DA R s i 11 R 3k
AR R DRI, X6 AR L T g A et ) g o i 2 55 T
YA B A 2B R o AR GE R bl R O AR R 2 R
JH HE 27 T B 88 H U B 25 TR 0 A R ik e A IR 2
J J 00 S A T A IR B R R g,
TH s 1] 22 7 SoRD 20 0 fRRD 7P, Al DL A2 — P A 24 1
K s/ VAR AR 0 o o 9 TR 0 IR oR . AN, B
e bk e I I AR IR AR ATAE B 3 BB T U0 R A2 R R
FEL A IR T s T A 808 i 25 [ AT, B R ) T I 288 1 A
(N G . e eF kA -8 (F-P) e IR B 1EH
TG ET A s (9 — A~ T 20 S, DR JHG g 7 3k P | SR A

DOI: 10.3788/A0S231618

e JUSE/IN PR P AR R AN, 2 B TR
S5HEARANM T Z o0, R np o I sh 25 K I 41
BB Y T RE S

LT F-P K F1 45 A T F-P 5 09 2 A8 o 52 B
XFANFE R Ty i i . H AT, LR F-P R A% B 1
YET 2 A WMALHE R % (MEMS) 3 AR L L k2
Jg b AR ST D LT F-P IR 4% s U
JCEA 4 JE M BE R A ML A
Beard 45" 5 A 4 9 AT BHVE b SO OT R DL &2 )8
FRAE A S R A, 7 55 A PRI £ B4 it T Ak L S8 AR
HRS 40 3 B £ F-P AR IR A, T Tk s (=
SRR Zou B HIE T A AL RERE AR N
3 pum SRR 4.11 MHz (%G 2F F-P I 115 & 2% 1
T Z A op i 9 K S B9 & . Cranch 557 2R F G
£F vy 17 B T A 2, AR ST AR A S5 R e I A A5 1
FUHE B T ol DS S B R e . TRAREHAE T
JEEJEE A7 2.9 pm 1) o B 4 Ay DO £F R AR kAR T
KT e PR R . E WA LUE R R 35 um
4800 8 mm 1 AN 5 AR T I Sk IS R o I 2 A o £
JE 7 AR I, FH 1 Dt ook Jp S S50 R DA {E L BT I
JI1E S IE K 0.994 MPa, JE J1{Z 5 09 b FHit [ h
2.5 pso X HL DL KR SCHT U Y FR ) 8 38 7R A% TR ity T
B TR T 52 B FE 7, DI B MPa 6K .

T 1) op oy P A B0 Bl AR T R AR SCRIF R T —

Wi HE . 2023-10-07; f&EHHI. 2023-12-29; KABH: 2024-01-10; MEEEZHE: 2024-01-20
ELWB . HOCSY BB AR E % 8 5 S28 5 T 54 (SKLLIM2007) B 75 45 [ bR R 4% A 4E 8 A 01 B (2023-GHZD-52)

BIS1E#& . zhangxiongxing@xatu.edu.cn

0728003-1


https://dx.doi.org/10.3788/AOS231618
mailto:E-mail:zhangxiongxing@xatu.edu.cn
mailto:E-mail:zhangxiongxing@xatu.edu.cn

ol e T 6 28 i 1T B2 M ) 9 O 2F F-P R ) A% B A o
T o A W S R A 2 AR ORI AN T JE R Y
I R0 IR T A AL Y S A4 U BEE o 7 BRI 2T i T Ak )
PET ORI Rm 1 R A f) IR RO £F F-P )
el o IR i MR — i 2R 5 WA HLAERL BLARE RE A
St SR RE SR I O HoAg IR R B A, 7 R 45 i I 1R
AT, & A BRI A & R W R, R & .
PR I 38 IR B AR A Ay 1 B 1) T 7 BURT 1 I F-P
9 M A, AT LS B0 S B T 0 A 5 B Rk ) O -5 A
FARRE LB rh il P TR S R S A I i

2 LR B AR
IR B 55 00 9 2% £F F-P % SR 48 19 37 45 4 4
Pl 1R % , 5 gl A AR R 0 2 R — 24y F-P

core Au

\

\
%
%

clading

parylene-C

1 EAOGLT F-P I ) AL I8 10 25 1 7 2 8]
Fig. 1 Structure diagram of thin-film fiber-optic F-P pressure

sensor
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Fig. 2 Thin-film fiber-optic F-P pressure sensor. (a) Optical micrograph of sensor head (side view); (b) physical photograph of thin-film

fiber-optic F-P pressure sensor
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Fig. 5 Electromagnetic energy distributions of sensor at different wavelengths. (a) At wavelength of 1600 nm; (b) at wavelength of
1543 nm; (c) at wavelength of 1535.6 nm
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Sensor Based on a Fiber-Tip Film-Type Fabry-Perot Cavity
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Chen Haibin'
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*Northwest Institute of Nuclear Technology, Xi’an 710024, Shaanxi, China;
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Abstract

Objective Shock wave is a kind of compression wave in which the wavefront propagates in the form of a synoptic surface
in an elastic medium. Its typical feature is the discontinuous abrupt changes of state parameters of the medium on the abrupt
surface, such as pressure, density, and temperature. As the study of shock waves progresses, it has been found that shock
wave technology has great civilian value, so the measurement of shock wave signals has become increasingly important.
The formation and propagation of shock waves are accompanied by overpressure and rapid changes in pressure. The
response speed and reliability of the corresponding pressure sensors have more demanding requirements. Traditional
electrical shock wave pressure sensors are susceptible to electromagnetic interference, temperature range tolerance, rise
time, and other issues, which limit the application of such sensors. Fiber-optic Fabry-Perot (F-P) pressure sensors, as an
important branch of fiber-optic sensors, provide new possibilities for dynamic pressure measurement of shock waves due to
their advantages of fast response speed, high sensitivity, small size, and high resistance to electromagnetic interference.
To achieve the dynamic pressure measurement of shock waves, a thin-film fiber-optic F-P pressure sensor with a fiber-tip

coating is studied.

Methods

with different thicknesses, a layer of parylene film serving as the F-P cavity, and a single-mode optical fiber for optical

The basic structure of the thin-film fiber-optic F-P sensor studied in this paper mainly consists of two gold films

field coupling. When the shock wave pressure was applied to the end surface of the sensor, the parylene film was subjected
to pressure, and deformation was produced, causing a change in the F-P cavity length. This change in length then affected
the interference of reflected light produced by the two gold films on the front and back surfaces of the F-P cavity. Before the
sensor was fabricated, the optical and mechanical aspects of the sensor were simulated using finite element simulation

software, and the performance of the sensor under different parameters was calculated by combining theoretical formulas.
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In addition, the parameters of the sensor were determined. After the sensor was fabricated, the static and dynamic pressure

measurement system was designed and constructed, and the experimental results were analyzed.

Results and Discussions In the pressure range of 0-60 MPa, a static pressure measurement experiment is conducted on a
thin-film fiber-optic F-P pressure sensor using a bench-top oil pressure pump. The reflected spectrum signal of the sensor is
obtained and processed to calculate the cavity length of the F-P cavities of different pressure sensors. From the reflectance
spectrum curves (Fig. 12) of the wavelength and corresponding light intensity under different pressures, it can be seen that
with increasing pressure, the overall reflectance spectrum of the sensor drifts to the left. Based on the wave valley values at
different pressures, the length information of the sensor cavity corresponding to the pressure is calculated (Fig. 13),
yielding wavelength sensitivity and cavity length sensitivity of the sensor of 0.0809 nm/MPa and 0.3200 nm/MPa,
respectively, which are consistent with the simulation results. In the dynamic pressure measurement experiments, the

sensor successfully captures the shock wave signal with a peak pressure of 7.47 MPa and a rise time of 75 ns (Fig. 15).

Conclusions For measuring shock wave signals, we propose a thin-film fiber-optic F-P pressure sensor. The effective
structure of the sensor is a three-layer structure consisting of gold film, polymer film, and gold film. By utilizing the change
of the peak position of the sensor’s reflected spectral wave, the sensor causes a change of spectral intensity, so as to realize
the measurement of the signal pressure. In the pressure measurement range of 0-60 MPa, the wavelength sensitivity is
0.0809 nm/MPa, and the cavity length sensitivity is 0.3200 nm/MPa. Within the range of dynamic pressure measurement,
the sensor can measure the dynamic signals with a pressure rise time of 75 ns and a pressure rise amplitude of 7.41 MPa.
The experimental results show that the sensor has a large range of pressure measurement ability and high sensitivity , and it
has a small size, light weight, and anti-electromagnetic interference. Therefore, the sensor has greater application

prospects in the field of shock wave pressure measurement.

Key words fiber-optic sensor; Fabry-Perot cavity; thin film; pressure measurement
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