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Abstract

A highly sensitive Fabry—Pérot interferometer (FPI) is fabricated via symmetric taper fiber
cleaving and centered waist-inserted assembly, a design where geometric symmetry is
fundamental to the sensor’s performance. The FPI is fabricated by simple and cost-effective
techniques, including fiber cleaving, splicing, and tapering. Due to the ultra-long cantilever
beam with an effective length of 2.33 mm and the ultra-short Fabry-Pérot (FP) cavity
with an actual length of 13.98 pum, the sensor exhibits an ultra-high strain sensitivity of
544.57 pm/ pe in experimental results. The sensor boasts a small temperature sensitivity of
1.02 pm/°C and a cross-temperature sensitivity of 0.0019 pe/°C in the temperature range
of 25-200 °C. Furthermore, the sensor has good stability and repeatability. Owing to the
symmetry-enhanced design, simple fabrication process, high strain sensitivity, as well as a
stable, linearly proportional response over an extensive strain regime, the device has large
potential in various sensing applications.

Keywords: Fabry—Pérot interferometer; optical fiber sensor; cross-temperature sensitivity; strain

1. Introduction

Optical fiber-based strain sensors have garnered much industrial and research interest
for strain measurement due to their excellent durability and stability as well as versatile ap-
plications such as military systems, medical monitoring, aerospace components, structural
engineering, and civil engineering [1-8]. For instance, optical fiber strain sensors are capa-
ble of monitoring strain variations under flowing fluid conditions, enabling applications in
reservoirs. They can be used to monitor strain variations associated with the geological
storage of carbon dioxide and offer timely detection of abnormal strain changes due to
carbon dioxide leakage. Different types of optical fiber structures have been proposed
for strain sensing, including fiber Bragg gratings [9,10], Mach-Zehnder interferometers
(MZIs) [11-13], optical fiber FPI [14,15], photonic crystal fibers [16-18], and optical fiber
surface plasmon resonance [19,20]. These structures are quite attractive on account of their
resistance to electromagnetic interference, stability, cost-effectiveness, compactness, as well
as high sensitivity.
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There are several methods and designs for optical fiber sensors consisting of inline FP
micro-cavities with enhanced sensitivity [21-23]. Theoretically [24], the strain sensitivity of
the fiber inline FP micro-cavity depends on the shape and dimension of the micro-cavity.
Consequently, FPI sensors containing micro-cavities of different shapes, such as oblate
spheroid, narrow cuboid, and expanded bubble, have been proposed [25]. For example,
Li et al. developed an FPI strain sensor featuring a rounded-rectangle air gap, which
exhibits a strain sensitivity of 8 pm/ue [26]. Liu et al. reported a fiber-optic strain sen-
sor employing a crescent-shaped Fabry—Perot fiber cavity geometry, featuring a strain
sensitivity of 9.67 pm/ue [27]. Cai et al. have proposed an FPI composed of an asym-
metrical air-microbubble structure with an ultrathin wall showing a maximum sensitivity
of 10.15 pm/pe [28]. Notably, the integration of microspheres into the sensor fiber repre-
sents an effective approach to enhancing strain sensitivity. Nevertheless, the sensitivities
of the aforementioned fiber inline FP micro-cavities are only 10-30 pm/ e, and further
improvement is required before commercial acceptance.

An alternative approach to boost the strain sensitivity of inline fiber FPI micro-cavities
entails decoupling the active length of the cavity from the FP interference and subsequently
increasing the active length. An air cavity FPI with a cantilever beam structure that
incorporates quartz capillaries or hollow optical fibers has been proposed to extend the
length of the strain action, amplify axial strain, and attain high strain sensitivity and low
temperature sensitivity [29,30]. However, these sensors often suffer from compromised
structural dimensions, stability, and tensile strength. To address these limitations, an inline
fiber-optic strain sensor incorporating an FP micro-cavity with extended active length has
been developed [31]. Nonetheless, it is important to note that as the active length increases,
the etching process may affect the thickness of the outer wall and the diameter of the inner
taper, thereby potentially impacting the properties of the sensor.

This study demonstrates a symmetry-optimized strain sensor that exploits symmetric
taper fiber cleaving, a key fabrication step designed to achieve a geometrically balanced,
centered waist-inserted FPI structure, which features an ultra-long 2.33 mm cantilever
beam and ultra-short 13.98 um FP cavity. Precise symmetry is crucial for achieving opti-
mal alignment and mode matching in interferometric configurations, directly impacting
sensitivity and stability. The structure is fabricated by a simple and cost-effective process
involving fiber cleaving, tapering, and splicing. Experimental results disclose an ultra-high
strain sensitivity of 544.57 pm/pe. The FPI micro-cavity with a capillary-taper structure
exhibits good sensing linearity. In the temperature range from 25 to 200 °C, the temperature
and cross-temperature sensitivities are 1.02 pm/°C and 0.0019 pe/°C, respectively, and
the smaller errors are attributable to temperature fluctuations. The sensor shows remark-
able stability and repeatability experimentally. In oil extraction, it monitors high-pressure
pipelines (welds, flanges) and machinery for leaks/corrosion via sub-micrometer strain
detection. For structures, it measures dynamic (traffic/wind) and static (settlement/creep)
strains in bridges/buildings, resolving nanometer-scale vibrations with high repeatability.

2. Sensor Fabrication and Working Principles

The fabrication process of the symmetry-optimized FPI micro-cavity with a capillary-
taper structure is depicted in Figure 1. The single-mode fiber (SMF) was placed on the
optical fiber tapering system (Idealphotonics, IPCS-5000-SMT, Shenzhen, China) as shown
in Figure 1a. As shown in Figure 1b, the SMF is tapered via a two-stage process involving
fiber clamp pulling distances of 0—4 mm and 4-20 mm, pulling speeds of 0.6 mm/s and
1 mm/s, a hydrogen flow rate of 147 sccm, a hydrogen torch heating width of 8 mm, and
a torch scanning distance of 2.4 mm, resulting in a tapered fiber. The waist diameter of
the tapered fiber is between 60 um and 70 um, exhibiting high rotational symmetry. The
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distance from the waist of the tapered fiber to the position where its diameter reaches
100 um is approximately 2 to 3 mm. The taper was then cut off in the middle to form a
taper fiber tip using a fiber cleaver, as shown in Figure 1c. As shown in Figure 1d, an
SMF with a planar endface and a hollow capillary tube (HCT) with a flat endface (outer
diameter: 125 um, inner diameter: 100 um) are aligned using an optical fiber fusion splicer
(Fujikura 80s fusion splicer, Manufacturer: Fujikura Ltd., Tokyo, Japan). The fusion splicer
parameters are set as a discharge time of 200 ms and a discharge power of —10 bit. This
ensures precise fusion of the HCT and SMF. As shown in Figure 1le, the capillary tube
is trimmed to a remaining length of 2~3 mm using a fiber cleaver, ensuring the tapered
fiber tip can fully be inserted into the HCT. Critically, one of the symmetrically cleaved
tapered fiber tips is then inserted into the HCT, with the fusion splicer’s motor used for
fine centering adjustment to achieve perfect coaxial alignment. Subsequently, the tapered
fiber tip is inserted into the HCT, and the fusion splicer’s motor adjusts the end of the fiber
taper to form an FP interferometric micro-cavity with the SMF endface. Finally, the HCT
end is discharged at 200 ms and —10 bit to fuse the HCT and tapered fiber, as shown in
Figure 1f. The geometric relationship here is L1 = L, + AL, where Ly is the total length of
the HCT, L, is the length of the tapered section inserted into the micro-cavity, and AL is the
actual length of the FP cavity. The key parameter tolerances for the symmetry-optimized
FPI micro-cavity are shown in Table 1.

Figure 1. Schematic illustration of the symmetry-optimized FPI micro-cavity: (a) taper preparation,
(b) taper processing, (c) taper fibre cutting, (d) precise fusion splicing of HCT and SME, (e) Insertion
of taper fibre end face into HCT, (f) fusion splicing of HCT and taper fibre.

Table 1. The key parameter tolerances for the symmetry-optimized FPI micro-cavity.

Process Stage

Nominal Value/Requirement Tolerance Error Source

Waist Diameter

H, flow fluctuation,
60-70 um +5 pm pulling speed stability

Pulling displacement accuracy,

Taper Length (to 100 pum) 2-3 mm +0.5 mm thermal gradient
Cleave Angle 0° (ideal) <0.5° Cleaver accuracy, fiber holding stability
SME-HCT Axial Offset 0 um £0.5 um Splicer alignment accuracy (Fujikura 80s)
Arc Parameters (200 ms, —10 bit) Fixed +5% energy Mechanical V%bratlo.n, .ahgnment
algorithm limits
Cavity Length (AL) Design target +1.5 um L1/L; error propagation,

thermal expansion

The critical step enabling the centered waist-inserted assembly is the symmetric cleav-
ing of the tapered fiber section. This process involves precisely cleaving the tapered fiber
from both sides simultaneously along planes perpendicular to the fiber axis. This symmet-
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rical removal of material is fundamentally important for two reasons: (1) It ensures the
geometric center of the tapered waist region is accurately located relative to the cleaved
endfaces. (2) It guarantees that the structural properties are identical on both sides of the
waist centerline. This enforced geometric symmetry is essential for achieving the precise
alignment required when inserting the waist into the capillary tube to form the FP cavity,
and it underpins the sensor’s subsequent balanced response to thermal and mechanical
stimuli. These geometric and structural symmetries are directly reflected in key parameters
that can be quantitatively evaluated through optical microscopy images at different magni-
fications. Figure 2a (4 x magnification) demonstrates the high symmetry of the tapered fiber,
with a measured waist diameter of 69.4 um. The axial distance from the waist to the 100 um
diameter position is 2.46 mm, indicating uniform taper geometry crucial for balanced force
distribution. Figure 2c¢ (40 x magnification) confirms that the HCT inner diameter (100 um)
exceeds the fiber waist diameter (69.4 pm), providing symmetric clearance for coaxial
insertion and minimizing lateral contact forces. Figure 2b (20 x magnification) displays the
total length of the HCT. This length equals the cantilever beam length, with L; = 2.33 mm.
The longer effective length enhances the FPI’s strain sensitivity by increasing mechanical
deformation under strain. In Figure 2d (40 x magnification), the FP cavity’s actual length
is 13.98 pum, a key parameter for the interferometric effect. Figure 2d (40x magnification)
shows the actual length of the FP cavity, AL = 13.98 um, a critical parameter influencing the
interferometric effect.

Figure 2. Pictures of the symmetry-optimized FPI micro-cavity: (a) 4x magnified image demon-
strating symmetric tapered fiber geometry, (b) 20x magnified image showing total HCT length,
(c) 40x magnified image confirming HCT inner diameter, (d) 40x magnified image revealing FP
cavity length.

Figure 3a depicts the operational principle of the symmetry-optimized FPIL The air
cavity within the fiber is defined by reflective surfaces M; and M. Light with intensity I
from the supercontinuum source propagates through the fiber, undergoing partial reflection
(I1) at Mj. The transmitted component reflects at M, with an intensity of I, after which
both beams recombine in the SMF core to generate interference patterns.
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Figure 3. Sensing principle of the symmetry-optimized FPI micro-cavity: (a) working principle of
FPI, (b) interference model of conventional FPI, (c) interference model of symmetry-optimized FPI.

Given the 4% reflectivity at the quartz/air interface, third-order reflections within
the FP cavity exhibit merely 0.006% of the incident intensity [26]. Higher-order reflections
become energetically negligible, justifying the two-beam interference approximation for
FPI analysis. Under this model, the interference spectrum is as follows [32]:

I=5L+1+2y 1112COS(9), (1)

where 0 represents the phase shift arising from light propagation within the air cavity. The
reflection spectrum follows a cosine distribution due to this two-beam interference. The
free spectral range (FSR) of the reflectance spectrum can be formulated as follows [33]:

FSR = A1 — Amand, 2)
_ )\m-i-l/\m
FSR = Tff AL 3)

where m denotes the number of fiber interference orders, Ay, represents the FPI resonant
wavelength associated with the interference order, ne¢ stands for the refractive index of air,
and AL denotes the actual length of the FP cavity.

As shown in Figure 3b, for the conventional FPI, let the diameter of the micro-cavity
in the optical fiber be L. For the abovementioned double-beam FP interference spectrum
formed in the micro-cavity structure of the optical fiber, the center wavelength of the
m-th-order interference peak is as follows [34]:

ZneffL
T Tm

Am (4)
Therefore, the sensitivity of the center wavelength shift induced by the tensile force
can be approximated as follows [29]:

Am

S AE

)
where A stands for the fiber’s cross-sectional area, and E signifies the Young’s modulus of
the fiber material. As illustrated in Figure 3¢, the capillary-taper-integrated FPI micro-cavity
exhibits m-th-order interference peak wavelength shifts governed by the following [35]:

_ Zi’lgff(lq - Lz) _ 21’16 fAL

/\Zm m m ’ (6)
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The strain sensitivity based on the peak wavelength drift of the symmetry-optimized
FPI micro-cavity can be expressed as follows [15]:

_)\m Ll

& = AE AL’ (7)

The variable force sensitivity bears a direct proportionality to the ratio L1 /AL. Conse-
quently, lengthening the HCT length Lq while minimizing the FP cavity length AL provides
an effective strategy for enhancing tensile response.

The ultra-high strain sensitivity of the symmetry-optimized FPI micro-cavity stems
from two synergistic mechanisms enabled by the design. Firstly, the entire HCT functions
as a uniformly elongating cantilever beam under axial stress. Its symmetric, coaxial fixation
guarantees pure axial deformation free from bending moments, thereby maximizing the
strain transferred to the FP cavity. Secondly, the rigid and symmetric coupling at both ends
ensures that the change in the optical path length (AL) is precisely equal to the mechanical
elongation of the HCT (L4).

When the temperature of the external environment changes, the temperature sensitiv-
ity is finally obtained [36]:

St = (a+x)Am, (8)

where « is the thermal expansion coefficient and « is the thermo-optical coefficient. It can
be seen that the temperature sensitivity of the symmetry-optimized FPI micro-cavity is
related to the thermal expansion coefficient of the materials, thermo-optical coefficient, and
wavelength of the interference peak.

3. Results and Discussion

Figure 4 depicts spectral and Fast Fourier Transform (FFT) responses of the symmetry-
optimized FPI micro-cavity within the 1460-1560 nm wavelength range. According to
the inset in Figure 4, Ay = 1470.2 nm and Ap4+1 = 1551.8 nm can be observed at the
wavelength of 1510 nm. This indicates the presence of distinct cosinusoidal fringes with
an FSR of 81.6 nm, which is very close to that of 81.59 nm calculated by Equation (3). For
validation, the FSR spectra are transformed via Fast Fourier Transform (FFT) into spatial
frequency spectra. According to the Fourier principles, the resulting frequency response
relates inversely to FSR. Figure 4 shows a singular dominant frequency component with
a frequency of f = 0.0123 nm~!, confirming that the sensing structure is characterized
by two-beam interference. In other words, the reflection spectrum displays the cosine
characteristics required for two-beam interference.

The experimental setup for the symmetry-optimized FPI micro-cavity strain measure-
ment is described in Figure 5. A supercontinuum light source (SC, 450-2500 nm) emits
light that is routed into the sensing FPI using a 3 dB ring coupler. The light from the
sensing FPI then reaches the optical spectrum analyzer (OSA) through the coupler to record
the interference spectrum. Upon straightening the sensor FP], it is affixed to two precise
displacement tables, with the distance between the two fixed points being 400 mm. The
axial stress variation is regulated by two three-dimensional (3D) moving platforms. In the
axial strain test, the right-side moving platform’s micrometer is twisted outward to impose
axial strain on the FPI. Regarding the linear change, strain is characterized as the ratio of
the variation to the initial quantity. Each rightward rotation of one small division equals
applying 25 pe to the FPI at a time, which serves to prevent damaging the sensor during
stress application.
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Figure 4. Spatial frequency spectra of the symmetry-optimized FPI micro-cavity.

Figure 5. Schematic diagram of the experimental setup for the axial strain test.

The fixture is designed to stabilize the symmetry-optimized FPI micro-cavity on a 3D
moving platform and maintain it in a stretched configuration during the initial phase. The
reflectance spectra are obtained within the range of 0 to 125 pe by incrementally rotating
the knob of the 3D moving platform. The strain characteristics of the sensing FPI are
measured by the device shown in Figure 4. Figure 6a shows the variation in the dip in
the FPI spectrum with tensile strain. As the strain increases from 0 to 125 e, the dip
wavelength in FPI shifts significantly to the right, with a drift of up to 68.0 nm. Figure 6b
reveals that the valley wavelength moves notably leftward when the axial strain is reduced
from 125 to 0 pe, exhibiting a drift as large as 67.9 nm. Notably, a 150 pe strain would
cause 81.6 nm drift (causing spectral overlap), hence the 125 e limit. Figure 6¢ exhibits the
fitted association between dip wavelength and strain. For forward strain, the FPI sensitivity
measures 544.57 pm/ e alongside a linearity of 0.9946; in contrast, reverse strain yields a
sensitivity of 543.54 pm/pe with a linearity of 0.9949. Both sensitivity values demonstrate
a superior linear relationship and are closely matched, attesting to the sensor’s excellent
reproducibility and reversibility.
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Figure 6. Strain response and stability of the symmetry-optimized FPI micro-cavity: (a) forward strain
test of the symmetry-optimized FPI micro-cavity, (b) reverse strain test of the symmetry-optimized
FPI micro-cavity, (c) strain sensitivity of the strain sensor, and (d) stability of the symmetry-optimized
FPI micro-cavity.

Stability is a critical factor in practical applications, and stability experiments are con-
ducted on the symmetry-optimized FPI micro-cavity at room temperature. The interference
spectrum is logged at each 25 e step, spanning a forward application range of 0-125 pe
and held for 5 min. The spectrometer’s detection range is reached, resulting in a gradual
decrease to 0 pe after 125 pe strain. Figure 6d demonstrates that stability is validated
through consistent reflectance spectral valleys by varying axial stresses. Axial strain is held
at 75 pe, with sensor reflectance spectra captured every 10 min over 60 min—details are
depicted in the inset in Figure 6d. The interference fringes exhibit approximately 0.081 nm
fluctuation, primarily due to minor environmental vibrations, indicating good stability.
Leveraging the sensitivity of 544.57 pm/ e, the system’s minimum detectable strain is
approximately 0.149 pe under current conditions.

To confirm the superior strain sensing performance of the reference sensor (13.98 pm
FP cavity /2.33 mm HCT), we fabricated four sensor groups varying in FP cavity lengths
and HCT parameters as supplements. As shown in Figure 7a, the first sensor has an
80.48 um cavity and a 764.3 pm HCT, with a sensitivity of 18.14 pm/ue. The second
sensor (Figure 7b) features a 78.14 um cavity and a 1281.1 um HCT, achieving 34.66 pm/ ji¢.
The third (Figure 7c) contains an 82.70 um cavity and a 634.8 pm HCT, demonstrating
17.5 pm/ pe, while the fourth (Figure 7d), equipped with a 74.29 pm cavity and a 330.4 um
HCT, shows 5.38 pm/pe. All four exhibited lower sensitivity than the reference sensor,
validating its superior performance.
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Figure 7. Strain sensitivity and structural comparison of fiber sensors: (a) sensor with 80.48 um
cavity /764.3 um HCT, (b) sensor with 78.14 um cavity/1281.1 um HCT, (c) sensor with 82.70 um
cavity /634.8 um HCT, and (d) sensor with 74.29 um cavity/330.4 um HCT.

The temperature measurement system for the symmetry-optimized FPI micro-cavity
is shown in Figure 8. An SC with a wavelength range of 450-2500 nm is employed in
conjunction with an OSA to obtain the reflection spectra. The light reflected from the
symmetry-optimized FPI micro-cavity is captured by the OSA with a 3 dB ring coupler to
obtain the interference spectrum. In the temperature test experiment of the strain sensor, the
sensing component of the FPI fiber is securely affixed to the central stage of a far-infrared
rapid-drying oven using high-temperature adhesive tape.

Figure 8. Schematic diagram of the temperature measurement system.

As shown in Figure 9a, the temperature is incrementally raised from 25 °C to 200 °C in
intervals of 25 °C, and the corresponding interference spectra are recorded at each specified
temperature. As the temperature increases, the dip wavelength of the symmetry-optimized
FPI micro-cavity shows minimal sensitivity to temperature variations due to the relatively
small thermo-optical and thermal expansion coefficients of air and quartz fiber, as shown
in the inset. Moreover, the reflectance spectra show consistent stability with temperature,
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suggesting that the sensing properties are not influenced by thermal expansion. Figure 9b
presents the linear fit pertaining to temperature. The temperature response is derived from
the wavelength shift observed through the trough. The strain sensor shows a temperature
sensitivity of 1.02 pm/°C and a cross-sensitivity to temperature of 0.0019 pe/°C. The
results reveal that the sensor’s temperature cross-sensitivity is extremely low and negligible,
thereby minimizing measurement errors caused by temperature fluctuations.

25°C ——50°C 75°C ——100°C T 153524 < Experiment Result
sl 125°C 50°C 175°C 200°C \:_:C/ - — Linear Fit
— é 1535.20 |-
g0t 215358 |
2 2 153516 |
S 651 =
2 2154
% ok Vi S 183502 Y=0.00102X +1535.0294
2 o 5 153510 | R%=099572
st S ts3s08 |
o § 1585.06 |
-80 |k 1 1 153:" ‘Suﬁv\jﬁigmﬁﬁﬁllf‘“” - 2 1535.04 E_4 1 1 1 1 1 1 1 1 1
1400 1450 1500 1550 1600 1650 20 40 60 80 100 120 140 160 180 200
Wavelength (nm) Tempreature (°C)
(a) (b)
Figure 9. Temperature response of the symmetry-optimized FPI micro-cavity: (a) reflection spectra of
the symmetry-optimized FPI micro-cavity by varying temperatures, and (b) correlation between the
mean dip wavelength shift and temperature.

A comparative analysis is performed for our strain sensor in reference to other high-
sensitivity strain sensors reported recently. Parameters such as the operational range, strain
sensitivity, and temperature sensitivity were compared, and the comparison is presented in
Table 2. References [2,36] report negative strain sensitivities (—2.98 nm/pe, —23.9 pm/pe)
due to optical vernier effects inducing blue shifts. Our design avoids vernier principles
entirely. Axial strain uniformly elongates both cantilever and cavity in the geometric ampli-
fication mechanism, ensuring exclusively positive sensitivity (544.57 pm/pe). The results
confirm that our sensor has higher strain sensitivity and lower temperature cross-sensitivity.
In addition, the production process of the sensor is straightforward without needing costly
equipment or hazardous chemicals, boding well for safe and low-cost manufacturing.
Table 2. Comparative analysis between the symmetry-optimized FPI micro-cavity and previously
documented FPI-based sensors.

Types Stalp Range — Steap Scoifvty —( Temperatur ) Temperatue Ciost efeences
Special air cavity FPI 0-1100 pe 3.29 pm/ue 1.08 pm/°C 0.328 ue/°C [37]
Rounded rectangular air-cavity FPI 0-1200 pe 8 pm/ue 1.79 pm/°C 0.224 pue/°C [26]
Approximately circular 0-1200 pe 1078 pm/ pie 124 pm/°C 0.115 pe/°C [32]
Asymmetric tapered FPI 0-1200 pe 15.89 pm/ e 1.09 pm/°C 0.069 pe/°C [36]
Tapered fwo-mode fiber 0-120 pe 298 nm/pe —69.3 pm/°C 23 e /°C 2]
Sapphire derived fiber FPI 0-1000 pe 1.25 pm/pe 15.41 pm/°C 12.328 pue/°C [38]
Tapered few mode fiber FPI 0-450 pe —23.9 pm/pe —54.5pm/°C 228 nue/°C [39]

With a long cantilever beam FPI 0-150 pe 544.57 pm/pue 1.02 pm/°C 0.0019 pe/°C This work
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4. Conclusions

A symmetrically optimized strain sensor, produced through symmetric tapering,
cleaving, and FPI assembly with centered waist insertion, is presented. The symmetry
inherent in the fabricated structure ensures balanced thermal expansion and uniform
strain distribution, directly contributing to this outstanding temperature stability and
high-fidelity strain measurement. The strain sensor has excellent properties such as an
ultra-high sensitivity (544.57 pm/e), exceptional linearity (99.46%), and ultra-low temper-
ature sensitivity (1.02 pm/°C). For the symmetry-optimized FPI micro-cavity, its temper-
ature cross-sensitivity stands at 0.0019 pe/°C, rendering it less sensitive to temperature
variations. Overall, the strain sensor offers notable advantages: high strain sensitivity,
low cross-temperature sensitivity, excellent repeatability and stability, alongside a cost-
effective and facile manufacturing process. In addition, the sensor, featuring an ultra-high
sensitivity, is capable of converting mechanical displacements at the microscale into re-
solvable wavelength changes. Such a conversion mechanism supports the maintenance
of stable interference patterns within the free spectral range, which is fundamental for
micro-displacement sensing applications.
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