% 38 %5 6 4 WA R 272 4 CFL AR 22 O Vol. 38 No. 6
2025412 A Journal of Liaocheng University(Natural Science Edition) Dec. 2025

SR A HR VA IO, SR i, A, T s B A D g T 5 4 1 DG T AL AR AR W ST LT . WK 2 2 4 CH AR B/
2025, 38(6): 874-881.

Citation: SHI Cong, PANG Qingshun. ZHANG Ligiang, YAO Yicun Research on fiber-optic torsion sensor based on air-gap-
embedded waveguide Mach-Zehnder interferometer[ J]. Journal of Liaocheng University (Natural Science Edition) ., 2025, 38
(6):874-881.

XS 1672-6634(2025)06-0874-08 DOI 10. 19728/j. issn1672-6634. 2025030024

KT 5 S 2 R ok v T A
G EF HLH% A IR AR WE S

i 9%%”@195&@5&%9&%"7}#

(IR Py PRl F 505 B TR, IR WK 252059)

?\\.Q

. CLERFEHMH-GERTIREAALBNERT RHEESERE.EATEHALAERELEMH, AT
VEvb, RAVBOE M TH AN T AR ELRLLA T AZZEAR T MECLERFARLH-FETHE,
B FLEM PG EZW, KILT AT F g E R At, itk BB RAT I K Iw, LR RAUE
Fook ¥ RHBEA—13. 08~13. 08 rad/m & B W 45 # Ti& —1. 007 dB/(rad * m DA 1. 478 nm/(rad * m V), 5
G E A, E IR0 G BA i R ST o B e R AL, Boxd e B K RILT AME, FILT BAKAG X
v a/fJ:'hﬁJj'\ﬁi}h?f?ﬂ%%)éiéﬁﬁﬂﬁ*ﬁﬁ@/ﬁJﬂffl‘fﬁo
Kl RAHOE e T DS AA T R LA A R
sy RS TP212 SCHk b A

Research on fiber-optic torsion sensor based on
air-gap-embedded waveguide Mach-
Zehnder interferometer

SHI Cong, PANG Qingshun, ZHANG Liqgiang, YAO Yicun

(School of Physical Sciences and Information Engineering, Liaocheng University, Liaocheng 252059, China)

Abstract Cladding waveguide Mach-Zehnder interferometers (MZls) exhibit advantages such as well-de-
fined spectral characteristics and high sensitivity, making them suitable for various fiber-optic sensor con-
figurations. In this work, femtosecond laser micromachining technology was employed to directly inscribe
optical waveguides within standard single-mode fibers, constructing an inline cladding waveguide MZI. By
intentionally introducing air gaps within the waveguide structure, the contrast of the interference spectrum
was significantly enhanced. During torsion experiments, the sensor demonstrated intensity and wavelength

sensitivities of up to —1. 007 dB/(rad * m ') and 1. 478 nm/(rad * m '), respectively, within the range
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of —13. 08 rad/m to 13. 08 rad/m. Compared with conventional structures, the incorporation of air gaps
not only improved the torsion response sensitivity but also achieved compensation for axial strain, resul-
ting in reduced cross-sensitivity. This configuration shows promising potential for high-sensitivity fiber-
optic torsion sensing applications in fields such as structural health monitoring and biomimetic robotics.

Keywords femtosecond laser micromachining; Mach-Zehnder interferometer; fiber-optic torsion sensing
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Fig. 1 Schematic of an in-fiber air-gap-embedded waveguide Mach-Zehnder interferometer
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Fig.2 Femtosecond laser writing and real -shot images of in -line MZI in cladding waveguide fiber

with a 100 pm gap reserved in the middle
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Fig. 3 Transmission spectrum and spatial frequency spectrum of in-line MZI in cladding waveguide fiber

with a 100 pm gap reserved in the middle
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