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Fig. 1. Fiber optic pressure sensor model.
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Fig. 2. Structural model of the pressure-sensitive chip.

014208-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No.1(2024) 014208

O TR RS RSN I ZEERT,
e i AR IR, R R rhu O i S L, BV R
2SR AR i

2
I A
Hrp, PoRANREIME D], pRiAfs L, B R ik
i, h N AR, r R R AR

TOUAE S ASTS R, G BRI M
e TN Yl Y TN Yl 1 1R S DO W =R
RO, anlEl 3 Fras. Hodb, RS 3R | B R R 2R
MR EZS EFPL &, BiE SN 1784k, IR 32 FRAR
B, # F80% EFPI s A4k, il il EFPI
AR AR A .

S A A TR AR T, G Rt v i 0% 4
JLF, AT AZ 700 °C 00 B4, [a]i, k5 625 v
HRSE S S 5T, Botemim it 8°. Kk
LRSS, R AR 1 RO, SR T 200 S
I Ey , [FIEHE D —K T3, Hitk, X EAR N EFPI
WEgtil), R GOUES By, Eo, Es 535 R

E1 = RlEoeic’%, (2)

E> = RyEpexp {i(gpo + 41rn1)\L1 + n)}, (3)

b+ folo ;rnOLO + 2%)}. (4)

i tH SR OUAE SR TR 3R R
I=|B, + By + B3|

E3 = R3Eyexp [i(cpo +4n

. ) L
= ‘RlEoel“"O + Ry Egexp [1(@0 + 4nn1)\ Ly n)}

n1Ly + noLo n Qn)} ‘2

+ Ry Egexp {i (<p0 +4n ©

L
= R?+ R? + R? — 2R, Ry cos (471”1A 1)

L L
2R\ Ry cos <4n”11+”00>

A

L
— 2R R3 cos <4nn0/\ 0) , (5)

Hrh ) Ry, Ry, Ry 535K Ey, By, By —FOUESH
BIABIEIRIG L, By, o I ABDERS
SREE . LR BERIRRL; Ly A Ly 2359 HeAs EFPI
J A R IR R JEE (184K EFPT 1< )5 mg R g
TP BT RO PTG X W ASOLE S
Pk

L

Ey

K3 R PO B AR R R A
Fig. 3. Diagram of light path propagation in pressure sensit-
ive chip.
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Fig. 4. Fiber optic demodulation system.
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Fig. 5. Influence of thermal stress.
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Table 1. Structural parameters of the chip.
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Fig. 6. Force displacement model of pressure sensitive chip.
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Fig. 7. Chip preparation process steps.
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Fig. 8. Absolute pressure sensitive chip.
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Fig. 9. Sensor welding element: (a) Welding position of
sensitive chip and glass tube; (b) core and glass tube weld-

ing position.
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Fig. 10. Sensor package structure.
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Fig. 11. Sensor test equipment: (a) Pressure chamber;

(b) tubular furnace.
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Fig. 12. Sensor pressure change reflection spectrum at 20 “C:
(a) 100 kPa; (b) 0 kPa; (c) 100 kPa.
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Fig. 13. Sensor spectral intensity varies with pressure in

real time.
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Fig. 14. Sensor spectral intensity varies with the pressure.
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Fig. 15. Sensor temperature change reflection spectrum at
normal pressure of 100 kPa: (a) 20 °C; (b) 400 °C; (c) 20 C.
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Optical fiber high-temperature pressure sensor
with weak temperature sensitivity
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Abstract

In aerospace, petrochemical, gas turbines and other high-temperature environments, pressure measurement
of equipment has always been a challenge to be solved. The electrical high temperature pressure sensor has the
problem of component failure in high temperature environment, and it is difficult to use in the high temperature
environment for a long time. The detection device of the optical fiber sensor does not include electrical
components, so it has the advantages of high working temperature, high measurement accuracy, anti-
electromagnetic interference and so on. In order to use a sensor to measure pressure in high temperature
environment, a temperature-weakly sensitive optical fiber micro-electro-mechanical system (MEMS) pressure
sensing technology is proposed. The technique uses extrisic Fabry-Pérot interference (EFPI) model. It uses the
MEMS pressure chip to passively modulate the optical signal of the interference, and then realizes the pressure
signal measurement. Among them, MEMS pressure sensitive chip is the core component of the sensor. The
MEMS pressure sensitive chip adopts the design method of all solid state vacuum absolute pressure. Change in
environmental pressure will deform the membrane. This phenomenon can cause change in the cavity of the
EFPI cavity. Therefore, stress information can be obtained by measuring changes in EFPI cavity. The thermal
stress and temperature parasitical response introduced by thermal expansion of the material are calculated by
simulation. The influence of temperature signal on chip displacement is analyzed by the above results. On this
basis, a prototype of high temperature pressure sensor is developed by combining the sub-micron white light
interference response technology and low thermal stress packaging technology. In order to test the ability of the
sensor to implement actual measurement, this paper carry out the pressure test and high temperature test
respectively. When the pressure changes from 0 kPa to 100 kPa, the spectral intensity of the sensor output has
a linear relationship with the pressure. During the temperature changing from 20-400 °C, the spectral intensity
of the sensor output does not change significantly. The experimental test results show that the pressure
measurement of 0-100 kPa can be satisfied in the range of 20-400 °C, and the measurement error introduced by
temperature change is less than 4%. Therefore, the fiber pressure sensor can be used to measure the pressure in

high temperature environment.

Keywords: high temperature, fiber pressure sensor, extrisic Fabry-Pérot interference, micro-electro-

mechanical system chip
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