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Abstract

This study addresses the challenge of fluid pressure measurement inside micro-channels by pro-
posing a Fabry-Pérot (F-P) cavity-based pressure measurement method utilizing a graphene mem-
brane and validates the approach through an experimental platform. Pressure calibration experi-
ments were carried out under static liquid conditions to obtain the relationship between pressure
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and output voltage. The experimental results showed that the sensor output signal exhibited peri-
odic characteristics with pressure variation and presented good monotonicity and approximate lin-
earity within the pressure range of 45~54 kPa. The linear fitting coefficients of channel 1 and chan-
nel 2 reached 0.98465 and 0.99654, respectively. Subsequently, linear trend verification experiments
were conducted, and the normalized results of the two channels were generally consistent with the
theoretical variation trend. The results verified the feasibility of the proposed method for pressure
measurement in microchannels and provided a reference for the application of graphene membrane
optical fiber pressure sensing structures in microscale fluid detection.
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Figure 1. Schematic diagram of the overall structure
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Figure 2. Fabrication process of the pressure-sensitive structure: (a) electron microscope;
(b) ferrule adsorbed with graphene film; (c) adsorbed graphene film; (d) cleaned fiber end
face; (e) pressure-sensitive structure
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Figure 3. Liquid pressure calibration experimental platform
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Figure 4. Pressure generation device
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Table 3. Key parameters of the 3-port circulator
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Figure 6. 3-port circulator
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Figure 7. Pressure-voltage curve of Channel 1

E7 @BELEN-B_EXR

DOI: 10.12677/iae.2026.142039 343 s 5%


https://doi.org/10.12677/iae.2026.142039

0.0

-0.51

-1.0

-1.51

Ch2HE(mV)

-2.0

-2.51

-3.0

10 20 30 40 50 60
J£ #1(kPa)

o

Figure 8. Pressure-voltage curve of Channel 2
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Figure 9. Pressure-voltage relationship of Channel 1 within the linear range

9. KMXEINIEE 1 EN-BEXER

DOI: 10.12677/iae.2026.142039 344 s 5%


https://doi.org/10.12677/iae.2026.142039

1.07

0.5

Ch2H £ (mV)
2

-1.51

-2.01

-2.51

46 48 50 52 54
Ji73(kPa)

Figure 10. Pressure-voltage relationship of Channel 2 within the linear range
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Figure 11. Flow rate-voltage diagram of Channel 1
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Figure 12. Flow rate-voltage diagram of Channel 2
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Figure 13. Comparison of normalized theoretical and measured pressure variation trends
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