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Abstract. Fano resonances emerge from the coherent interference between a discrete resonant state and a con-
tinuum of propagating modes, giving rise to a characteristically asymmetric spectral line shape with heightened
sensitivity to minute variations in the underlying physical parameters. This study provides a chronological per-
spective on the development and increasing implementation of Fano-type effects in fiber-optic technology.
Their implementation in fiber Bragg gratings (FBGs) through numerical simulations of resonant Fano behav-
ior. Specifically, a Fano-like response in an FBG can be designed by introducing a tailored phase shift into the
grating structure; the magnitude of this phase discontinuity constitutes an effective control parameter for tun-
ing the interference condition and, consequently, the resulting spectral asymmetry. The resonance produces a
distinctive, asymmetrical spectral response that is attractive for a broad range of photonic functionalities. Key
applications include fiber-integrated sensing — where the enhanced spectral sensitivity supports the detection of
changes in refractive index, temperature, pressure, or biomolecular interactions — as well as narrowband filter-

ing and spectral shaping for telecommunications and optical signal-processing systems.
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1 Introduction

In the literature, Fano resonances have been extensively
reported across a wide range of photonic systems, under-
scoring their fundamental importance in controlling light—
matter interactions and enabling novel optical functionali-
ties. Representative examples include artificial photonic
molecules [1], Fano lasers [2], metamaterials [3], nanopho-
tonic structures [4], photonic crystals [5], semiconductor
nanostructures [6], plasmonic nanoantennas [7], optical
switches [8], all-optical modulators [9], dielectric metasur-
faces [10], and topological photonic systems [11], among
others. The ubiquity of Fano-type interference across such
diverse platforms highlights both the universality and tun-
able nature of this phenomenon, which continues to attract
significant interest for applications in optical filtering,
switching, nonlinear photonics, and high-resolution sensing.

Despite these remarkable advances, many existing
implementations rely on intricate geometries or complex
fabrication techniques, which can restrict scalability and
practical deployment. In this context, fiber-based platforms
offer unique advantages, combining the inherent merits of
optical fibers — such as low transmission loss, compact form
factor, mechanical flexibility, and compatibility with exist-
ing telecommunication infrastructures — with the enhanced
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spectral sensitivity and selectivity enabled by Fano
resonances.

This review traces the evolution of research on Fano res-
onance in fiber-optic systems, revealing a clear trajectory
from the first fundamental demonstrations in the mid-
2000s to the emergence of advanced, tunable, and applica-
tion-driven devices after 2020. It then presents the main
structures used to induce Fano resonance in optical fiber
devices, such as whispering-gallery-mode resonators,
microstructured optical fibers, interferometric devices, and
FBGs. To exploit FBG applications, a theoretical model
of a Fano-FBG is introduced, which captures the spectral
evolution as either the FBG reflectivity or the fiber-end
environment reflectivity is varied. Finally, the model is
demonstrated in a self-referenced refractive-index sensor
as one of the possible applications.

2 Fano concept

A deeper understanding of the wave-like behavior of light
has enabled the development of advanced optical technolo-
gies. Among the most significant properties exploited in
these innovations is resonance, which has played a central
role in many of the scientific community’s major achieve-
ments. Resonant cavities constitute the foundation of
widely used optical devices, including lasers, Fabry—Pérot
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Fig. 1. Dependence of the Fano parameter ¢q on the phase shift
of the continuum mode, with the resulting line shapes: asym-
metric for ¢ & +1 and quasi-Lorentzian for ¢ = 0.

interferometers (FPI), and Bragg gratings. Fano resonance
was first demonstrated by Ugo Fano in his investigation of
inelastic electron scattering by helium [12], revealing an
asymmetric line shape with a high-quality factor. It was
established that this resonance arises when a discrete mode
spectrum interferes with a continuous mode spectrum. This
interaction is described by the spectrum o (E), as expressed
in equation (1) [13].

(¢+9Q)°

o( E) = 4sin’ ¢ e

(1)

Here, ¢ = cot¢ is the Fano parameter, with ¢ the contin-
uum phase shift and E the spectral energy. The dimension-
less variable Q = 2(E — Eo)/T is defined by the resonance
energy Fo and linewidth I'. Originally introduced for
absorption spectra, the model also describes transmission,
reflection, and scattering, highlighting its versatility in opti-
cal devices. The parameter q governs spectral asymmetry:
for ¢ ~ +1, strong discrete-continuum coupling produces
asymmetric line shapes, while for |g| > 1 or ¢ &~ 0, weaker
coupling yields Lorentzian-like profiles. In Figure 1 shows
the dependence of the Fano parameter q on the phase shift.

3 Historical overview

Between 2005 and 2015, only a limited number of papers
were published in this field, reflecting the exploratory nat-
ure of Fano resonance at the time and the early emergence
of its application in fiber-based structures. Figure 2 presents
a timeline of the annual number of articles on Fano reso-
nance in fiber-optic systems published between 2005 and
2025.

Chiba et al. [14] reported that Fano resonances can be
induced in a multimode tapered fiber waveguide coupled
with a high-@ microspherical cavity, without requiring
any additional elements such as reflectors or delay optics.
Steinvurzel et al. [15] demonstrated that the scattering res-
onances of a single cylinder correspond to Fano resonances,

which indeed appear in the loss spectra of solid-core pho-
tonic bandgap fibers (PBFs). Totsuka et al. [16] performed
Fano resonance to yield coupled-resonator-induced trans-
parency. Vincetti and Setti [17] reported that Fano reso-
nances between hollow-core modes and higher-order
dielectric modes occur within the transmission bands. Li
et al. [18] observed Fano resonances in a single whisper-
ing-gallery microresonator. Furthermore, Vincetti and Setti
[19] showed that the additional losses in Kagome fiber
designs arise from Fano resonances between core modes
and cladding modes exhibiting strong spatial dependence.
Chang and Solgaard [20] presented Fano resonances in inte-
grated silicon Bragg reflectors, highlighting their potential
for sensing applications. Finally, Yu et al. [21] reported
the control of Fano resonances in photonic crystal struc-
tures and demonstrated their application in ultrafast opti-
cal switching. Yang et al. [22] demonstrated an
aerostatically tuned microbubble whispering-gallery res-
onators to obtain an electro-magnetic-induced transparency
and Fano-like lineshapes to sensing application. Over the
last decade, Figure 3 highlights a marked increase in the
use of resonant waveguide structures in optical fibers,
underscoring a strong potential that remains not yet fully
explored in this field.

In 2016, Miao et al. [23] reported the evolution of Fano
resonance in a thin fiber taper—coupled cylindrical micro-
cavity. Unlike enclosed microcavities, the cylindrical config-
uration supported both localized whispering gallery modes
(WGMs) and delocalized radiation modes. Zhao et al. [24]
demonstrated a simple method to achieve Fano-like reso-
nance by coupling a microsphere resonator with a fiber
Mach—Zehnder interferometer (FMZI). In their configura-
tion, a tapered microfiber was integrated into one arm of
the interferometer to enable evanescent coupling with the
microsphere resonator. Gu et al. [25] investigated a fiber
loop laser stabilized by Fano resonance in a metallic grat-
ing—coupled resonator, demonstrating improved spectral
stability. Liao et al. [26] developed a technique to reduce
the spectral density of a microbottle resonator (MBR) by
depositing UV-curable adhesive droplets near the res-
onator’s central region, effectively degrading the @Q-factors
of high-order bottle modes and enhancing resonance
selectivity.

In 2017, several studies expanded the understanding
and applications of Fano resonance in optical systems.
Lin et al. [27] proposed a novel microstructured optical fiber
(MOF) for multichannel sensing based on Fano resonance
among different WGMSs propagating through the fiber.
The proposed MOF comprised multiple capillary channels
of varying diameters arranged within a tubular framework.
Miao et al. [28] demonstrated a ring fiber laser structure
based on a thin fiber taper—coupled microcylinder system
functioning as a transmissive optical filter that selectively
allowed narrowband modes to propagate. Li et al. [29] car-
ried out theoretical and numerical investigations of three
distinct types of Fano resonances, each arising from differ-
ent physical mechanisms, in a plasmonic resonator com-
posed of two circular cavities. Zhang et al. [30] proposed a
cone-shaped inner-wall coupler to efficiently excite WGMs
in a microsphere resonator, while Zhang et al. [31] reported
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Fig. 2. The timeline on Fano resonance in fiber-optic structures illustrates a significant increase in the annual number of articles

published between 2005 and 2025.
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Fig. 3. Optical fiber structures that enable a Fano-like spectrum: a) a microbubble coupled to a taper fiber [22], b) a Bragg grating
etalon-based optical fiber [52], ¢) a microsphere coupled to a taper fiber as a whispering-gallery resonators [14].

enhanced Fano resonance in a non-adiabatic tapered fiber
coupled with a microresonator, demonstrating its potential
for high-sensitivity optical sensing and laser stabilization.

In 2018, Pant et al. [32] reported wideband excitation of
Fano resonances and induced transparency through coher-
ent interactions between multiple Brillouin resonances,
revealing a new mechanism for controlling light-sound
interactions in optical fibers. In the same year, Zhang
et al. [33] proposed an in-line fiber Michelson interferometer
designed to enhance the @-factor of cone-shaped in-wall
capillary—coupled resonators, providing improved mode
confinement and sharper resonance features.

In 2019, Jiang et al. [34] demonstrated Fano-like reso-
nance in an all-fiber structure, achieving high spectral
asymmetry and tunability through precise control of fiber
coupling conditions. Lu et al. [35] reported tunable
oscillating Fano spectra in a fiber taper—coupled conical

microresonator, showing dynamic control of resonance pro-
files by adjusting the coupling gap and taper diameter.
Wang et al. [36] proposed an ultranarrow optical filter
based on Fano resonance in a single cylindrical microres-
onator, enabling single-longitudinal-mode operation in fiber
lasers with high spectral purity. Tsai et al. [37] simulated a
numerically method to minimize Fresnel reflections with an
inscribed FBG at the fiber tip.

In 2020, Li et al. [38] introduced a continuously tunable
fiber laser based on a Fano resonance filter using a thin fiber
taper—coupled conical microresonator. This configuration
allowed stable single-mode lasing and continuous wave-
length tuning, demonstrating the potential of Fano-reso-
nant devices for narrow-linewidth laser design and
precision optical sensing.

In 2021, Li et al. [39] realized and modulated Fano-like
lineshapes in fiber Bragg gratings, providing new insight
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into dynamic control of asymmetric spectral responses via
refractive index (RI) modulation. ElKabbash et al. [40]
investigated Fano-resonant ultrathin-film optical coatings,
enabling enhanced light-matter interactions and tunable
spectral asymmetry in nanoscale photonic structures. Hu
et al. [41] reported a laser-controlled Fano resonance sensing
mechanism based on WGM coupling in eccentric-hole fibers
integrated with azobenzene materials, achieving optically
tunable sensitivity through photochemical modulation. Li
et al. [42] developed a fiber Fabry—Perot interferometer-
based Fano resonance coupler for whispering-gallery-mode
resonators, improving coupling efficiency and enhancing
the @Q-factor through hybrid cavity interactions.

In 2022, Sun et al. [43] proposed a quasi-3D Fano reso-
nance cavity integrated on the end-facet of an optical fiber
for high signal-to-noise ratio “dip-and-read” surface plasmon
sensing. This configuration provides a compact and robust
sensing platform capable of real-time refractive index mon-
itoring, ideal for biosensing and chemical detection with
excellent signal fidelity. Jiang et al. [44] introduced an elec-
trically tunable Fano-like resonance in a graphene-coated
fiber grating, enabling fast, reversible modulation through
electrical biasing — a step toward reconfigurable photonic
systems for sensing and communication. Zhu and Yin [45]
investigated Fano-resonance-based optical fiber characteris-
tics for blood glucose detection, leveraging sharp asymmet-
ric spectral features for high RI sensitivity in biomedical
sensing. Aman et al. [46] combined the Vernier effect with
Fano resonance to realize an ultra-sensitive all-optical sen-
sor, where the Vernier amplification and Fano asymmetry
jointly enhanced detection precision. Kudashkin et al. [47]
developed a self-stabilized whispering gallery mode res-
onator in active-core fibers using negative feedback to main-
tain spectral stability under environmental fluctuations.

In 2023, Gan et al. [48] reported a Fano-like spectrum
with quasi-independent slope ratio tuning by coupling
higher-order HE modes with WGMs, enabling fine control
of spectral asymmetry and linewidth. Finally, Sakhabutdi-
nov et al. [49] proposed a hybrid FBG-FP structure pro-
ducing composite Fano-type resonances with sharp,
tunable spectra, suitable for precision strain, temperature,
and pressure measurements.

In 2024, Wang et al. [50] reported an all-optical modu-
lation of Fano-like resonances in an apodized fiber Bragg
grating using Er/Yb-doped fiber. The nonlinear gain
dynamics of the doped medium enabled effective modula-
tion of the Fano profile without external electronics,
demonstrating a new route toward all-optical control and
tunable photonic filtering. Chai et al. [51] investigated Fano
resonance in a microcylinder—taper coupling system for lig-
uid RI sensing based on the axial separation method. By
precisely adjusting the taper—cavity distance, the system
achieved strong interference between localized and
continuum modes, allowing high-resolution detection of
RI variations in liquids. La et al. [52] demonstrated a Bragg
etalon-based optical fiber for optoacoustic detection. Robal-
inho et al. [53] introduced a phase-shifted FBG (PS-FBG),
which was fabricated using selective pitch slicing. This
enabled tuning of the Fano-like asymmetry spectrum,
resulting in a wide-range vibrational sensor. Feng et al.

[54] proposed a simple scheme to generate multiple ultra-
high-slope Fano-like resonances via Mach—Zehnder interfer-
ometers (MZIs) cascaded with fiber gratings. The configu-
ration achieved enhanced spectral discrimination and
steep transmission slopes, suitable for high-resolution spec-
tral sensing and wavelength filtering.

In 2025, Wu et al. [55] presented a method for the syn-
chronous and controllable realization of Lorentzian, Fano,
and electromagnetically induced transparency (EIT) line-
shapes in an all-fiber configuration. This work demon-
strated full optical tunability between distinct resonance
profiles within a single platform, significantly expanding
the flexibility of all-fiber photonic filters and sensors.
Li et al. [56] explored Fano resonance in a whispering gal-
lery mode microsphere resonator coupled with a femtosecond
laser-drilled tapered fiber. The laser-drilled taper provided
enhanced coupling precision and mechanical stability, result-
ing in sharper resonance lines and improved sensing repeata-
bility. Wang et al. [57] developed a modulation-free laser
frequency stabilization technique based on balanced detec-
tion of a common-path Fano resonance in an all-polariza-
tion-maintaining (PM) fiber cavity. This approach
provided a compact and vibration-insensitive means of laser
locking, eliminating the need for active modulation or com-
plex feedback electronics. Li et al. [58] proposed a mechanism
to enhance the dynamic range in microcavity sensing
through nonlinear harmonic generation of Fano resonances.
The introduction of higher-order nonlinear interactions
broadened the measurable range while preserving spectral
sensitivity, enabling versatile performance in high-intensity
or nonlinear photonic environments. Finally, Zou et al. [59]
investigated the resonantly driven nonlinear dynamics of soli-
ton molecules in ultrafast fiber lasers. The study revealed
that soliton molecule formation and evolution could be
strongly influenced by Fano-like interference effects within
the laser cavity, providing new insights into the control of
ultrafast nonlinear dynamics and pulse shaping in fiber
lasers. Figure 3 summarizes the principal fiber-optic configu-
rations employed with this technique.

4 Fano resonance on fiber structures

As outlined in the historical overview, various structures
were designed to induce Fano resonance through modal
coupling within the fiber. This section will address these
architectures and their operational principles. The three
most common approaches are whispering gallery modes,
microstructured fibers and interferometric systems.
Recently, new configurations using FBG structures were
published to excite the discrete mode.

4.1 Whispering gallery mode microcavities

Whispering gallery modes are waves capable of propagating
around a concave surface and were first presented as acous-
tic waves in 1910 [60]. In 1961, an electromagnetic analog
was also demonstrated [61]. The microcavities used for
WGM present advantages such as a high @Q-factor and a
comparatively reduced mode volume [62]. When coupled
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with an optical fiber, considered to have a low @Q-factor and
to propagate a continuum mode, the capacity to induce
Fano resonance is enhanced due to its high Q-factor, which
represents the discrete mode [63]. Two mathematical
methodologies have been developed for modeling the modal
interference between both. The classical transfer matrix
method analyzes the exchange of optical power between
the resonator and the waveguide [64]. The coupled mode
theory, proposed by Pierce at Bell Laboratories, accounts
for different fields that perturb the system to calculate
the spectrum [65].

In literature, a wide range of structures have been devel-
oped to propose a WGM. These include microspheres [66],
microrings [67], microbubble [68], microdisks [69], microcap-
illaries [70], microcylinder [71], microtoroid [72] and others.
The coupled waveguide exhibits a low @-factor and oper-
ates within a limited frequency range, thereby inducing
the Fano phenomenon. The structure can be obtained
through various methods, which can be classified into two
distinct groups. Single-cavity coupling, defined as a cou-
pling configuration in which only one cavity is involved,
can be achieved through unilateral coupling, a process in
which a resonator is coupled to the side of a single waveg-
uide. For example, a WGM microcavity coupled to a
tapered fiber [73] exhibits the advantages of simple fabrica-
tion, high coupling efficiency, and elevated (-value in the
order of 10° [74] and a maximum obtained of 10° [75]. How-
ever, it is considered a fragile system. Alternatively, bilat-
eral coupling typically involves positioning the resonator
between two waveguides [76]. Another approach is the in-fi-
ber coupling structure, which enhances system robustness
by embedding the resonator within the fiber waveguide
[77, 78]. However, the Q-factor presents lower values com-
pared to microresonators coupled to tapered fibers, being
limited to 10* [33]. This demands further investigations of
this method in order to fully exploit the potential of
WGM resonators and the robustness of optical fibers. An
overview of the resonator’s structures mentioned is illus-
trated in Figure 4.

Another common approach is multi-cavity coupling,
which comprises the same coupling types showed above:
unilateral, bilateral, and in-fiber; however, it involves
more than one microcavity interacting through resonance
[79-83]. In comparison, multi-cavity coupling more readily
excites resonances between a low-(@) mode and a high-Q
mode due to the resonant interactions among the micro-
cavities coupled to the fiber. Figure 5 presents typical

configurations of these resonators with an optical fiber,
which can be unilateral, bilateral, or in-fiber.

4.2 Microstructured optical fibers

Microstructured optical fibers are structures that differ
from the classic single-mode fiber, in which different struc-
tures are developed within the fiber to guide light along the
direction of propagation. Typically, instead of a central core
with a higher refractive index, air holes are introduced
within the fiber. Geometry and spatial organization are
determinant for the confined and propagated modes [84].
The Fano resonance is induced when the mode confinement
geometry is designed to enable interaction between a high-
@ mode and a low-(@ mode.

An investigation was conducted on how the phase rela-
tionship between each hollow-core cylinder in a photonic
bandgap fiber induces Fano-like resonances in the scatter-
ing spectrum [15]. In that study, the number of cylinders
and their spacing were identified as critical parameters in
coupling terms and Fano appearance. Another confinement
mechanism is the Inhibited Coupling (IC), which provide a
wider transmission bandwidth than PBG [85]. Distinct
MOFs were designed to achieve IC, and this mechanism
has been used to obtain Fano resonance in Kagone fibers
[86] and polygonal tube fibers [17, 19].

4.3 Interferometric strutures

Interferometric structures have been widely used in photon-
ics for a range of applications. In the context of Fano reso-
nance, this phenomenon has been observed in a Mach-
Zender interferometer (MZI), and a theorical model was
developed by Miroshinichenko et al. [87]. Several applica-
tions have been demonstrated using such configurations,
including sensing with a tapered optical fiber [88], an in-line
MZI incorporating an FBG inscribed in a D-shaped fiber
[34], and microrings exhibiting a discrete comb-like spec-
trum coupled to arm of an MZI [55]. MZI-based Fano reso-
nances have also been explored for optical bistability [89],
and for tunable control of the Fano asymmetry using FBGs
[44, 50, 54, 90], demonstrating a versatile approach to
inducing Fano resonance in all-fiber systems.

Michelson interferometer configurations have been
demonstrated in an in-fiber integrated setup with a micro-
sphere WGM for sensing and lasing applications [33], as
well as in a ring-cavity-coupled scheme for optical bistabil-
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ity [91]. Another approach relies on Fabry—Pérot interfer-
ometers (FPIs) coupled to a WGM microsphere [42], or
combined with FBGs [49, 92, 93|, where the interaction
between the two elements induces a Fano-like resonance.
FPI-based schemes have also been enhanced by integrating
a gold plasmonic metasurface on the facet [94]. In contrast,
Sagnac interferometers are less commonly used to induce
Fano resonance in optical fibers, being more frequently
reported in silicon waveguides [95].

4.4 Bragg gratings structures

This review briefly addresses one of the most recent works
in optical fiber sensors, published in 2024, which proposes
a Fano-like FBG structure, as illustrated in Figure 6 [53].
This FBG structure is a phase-shift grating operated in
reflection, in which the last period is modified to introduce
the phase shift; that is, its periodicity is shorter than the
nominal FBG period. This study investigated a Fano-
FBG configuration in which the reflectivity at the fiber
end was kept fixed while the FBG reflectivity was varied.
The inverse case was then analyzed: the FBG reflectivity
was held constant, and the fiber-tip reflectivity was varied
externally. The objective was to identify the optimal

parameters for obtaining a well-defined Fano spectrum on
an optical spectrum analyzer (OSA). Based on these simu-
lations, the structure’s performance as a refractive-index
sensor was demonstrated both theoretically and experimen-
tally, highlighting its advantages as a sensing element and
showcasing the potential of this new configuration to the
scientific community.

4.4.1 An analytical approach to modeling the Fano-like
FBG

The interferometric phenomenon that yields the FBG spec-
trum can be described using coupled-mode theory, as pre-
sented by Sakhabutdinov et al. [49]. Another possibility is
to study the interaction between the incident electric field
amplitude F and the grating structure. In this approach,
the model is based on summing the contributions of the
waves reflected at each refractive-index perturbation intro-
duced by the grating modulation. The grating period
between the successive reflective points A introduces a
phase shift of ¢ = B(2A), where ff = 2nn.g/ Ay the propaga-
tion coefficient, n.g the effective refractive index, and 4, the
vacuum wavelength. To model the superposition of reflec-
tions, N reflective points are defined to simulate the
FBG, each characterized by transmission and reflection
coefficients of o = 2mny/ny + ng and rA = (N — mp)/
(ny + my), respectively, where n; is the optical fiber core
refractive index and n, is the grating refractive index.

The Fano-like resonance arises from interference
between a discrete spectrum and a continuum spectrum.
In this framework, a spacing is introduced between the grat-
ing’s last pitch and the fiber tip, with a length ranging from
0 and A. The continuum mode originates itself from the
Fresnel reflection at the fiber tip across this final spacing,,
with reflection coefficient of Re = [(ngr — ne)/
(nege + 7m0)]?, where n, is the environment RI. The phase
shift is determined by this specific length ®, which in turn
controls the tuning of the Fano asymmetry parameter g.
Equations (2) and (3) provide the mathematical model ob-
tained by summing the reflected electromagnetic waves,
that reproduces the Fano-like asymmetrical spectrum gen-
erated by the Fano-FBG. In this numerical model, the
FBG response is expressed as a geometric series, with the
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Based on the analytical model, the coupling efficiency of the
Fano-FBG is investigated as a function of both the grating
reflectivity and the Fresnel reflection coefficient at the fiber
tip. In this analysis, the grating length is kept constant at
1 mm. In Figure 7a, the parameter Ry (0-3%) quantifies
the strength of the secondary reflection that couples with
the grating-reflected field. As Rg increases, the response
evolves from a conventional, symmetric FBG spectrum
(0%) to a clearly asymmetric Fano line shape (3%), evi-
dencing progressively stronger interference. Figure 7b con-
siders the Fresnel reflection associated with the silica—air
interface at the fiber end, while the FBG reflectivity is
swept from 0.1% to 13%. Increasing grating reflectivity
reduces the relative contribution of the tip-reflected field,
weakening the interference term; consequently, the grat-
ing-reflected component dominates and the Fano features
progressively vanish. Conversely, higher tip reflectivity
enhances the counter-propagating field, increasing the
interference contrast and sharpening the Fano spectral

asymmetry. Moreover, large grating reflectivity compresses
the spectral bandwidth and drives the response toward the
characteristic FBG peak, effectively masking the Fano pro-
file. Therefore, achieving efficient modal coupling and
inducing the Fano resonance requires a suitable trade-off
between grating and tip reflectivities, ensuring comparable
amplitudes of the two interfering reflected signals. Another
relevant aspect is the tunability of the Fano asymmetric
q - parameter via the phase shift introduced in the FBG.
By adjusting the length of the final grating period, one can
realize different interference regimes, yielding ¢ = +1 and
g = 0. Notably, the case ¢ = 0 corresponds to a symmetric
FBG notch response or anti-reflection AR-FBG, as reported
in [37]. For ¢ = £1, a representative example is provided by
the 2024 study on the slice FBG approach [53], where this
phase-shift produces a clearly asymmetric Fano profile.

4.4.2 Fano-like FBG applied as a sensing tool

In addition to the simulation work performed for the optical
device, an experimental study was also carried out to eval-
uate its performance as a sensor for monitoring refractive-
index variations in liquids. Different water—sugar solutions
were prepared to obtain refractive indices ranging from
1.334 to 1.339. The experiments were performed using a
Fano-like FBG with ¢ = —1 (see Fig. 8a). The interrogation
system was intensity-based, and self-referenced by measur-
ing the intensity difference between the peak and the valley
of the Fano profile; the experimental and numerical results
are illustrated in Figure 8b. This approach was chosen
because the Fresnel reflectivity strongly influences the sig-
nal intensity, while the peak wavelength exhibits low sensi-
tivity to refractive-index variations. The experimental
setup comprised broadband source with a spectral band-
width of 100 nm centered at 1550 nm, a three-port optical
fiber circulator (Thorlabs 6015-3) to route the reflected
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Fig. 8. Evaluation of the Fano-FBG, with ¢ = —1, as an optical fiber sensor: a) simulated spectrum and b) comparison between the

simulation predictions and the experimental results.

Table 1. RI sensors based on FBGs.

Detection Limit (RIU) Ref
FBG and etch-eroded fiber Fabry-Pérot interferometer 1.4 x 1077 [96]
Thinned fiber Bragg gratings 10* [97]
Dual Fabry-Perot FBG 107° [98]
End-face of a glass fiber connected to FBG 10°° [99]
In this Work (Fano-FBQ) 6 x 107"

signal, and an Optical Spectrum Analyzer (YOKOGAWA
AQ6370C, Osaka, Japan) for spectral interrogation. The
fiber-tip cleaving process was achieved using a polishing
machine, with the support of the OSA, the fiber tip can
be polished until the desire asymmetry is obtained
(Table 1).

The validation of the mathematical model was per-
formed by comparing the intensity variation within the
defined refractive-index range. The simulations resulted in
an FBG with 1% reflectivity, An = 2.6 x 10~% and N =
8452. Experimentally, a linear sensitivity of 4.1 + 04
RIU ' was obtained (7* = 0.980), while the simulation
yielded a linear sensitivity of 4.18 + 0.01 RIU™" (+* =
0.99997). The experimental results also indicated a detec-
tion limit of 6 x 10~* RIU. A deviation of approximately
1% was observed between the real sensor performance
and the simulation predictions, as demonstrated in Fig-
ure 8b. This demonstration shows the potential of a
Fano-like FBG as a sensing element, both for wavelength-
based measurements as temperature measurement and for
self-referenced intensity measurements. In this case, it is
possible to use two lasers with wavelengths set at each peak
and apply filtering to separate the wavelength contribu-
tions. Thus, by using two photodetectors, we obtain a
low-cost system. A comparison with other RI sensors re-
veals that this system provides measurement capabilities
comparable to other intensity-based interrogation FBG sys-
tems. Also, it offers a simpler implementation for achieving
higher sensitivity than many existing approaches, highlight-
ing its potential as an effective optical sensing device.

5 Conclusion

The chronological evolution of studies on Fano resonance in
optical fiber systems — from its early conceptual demonstra-
tions in the mid-2000s to the highly integrated and tunable
devices developed after 2020 — illustrates a clear trajectory
toward functional maturity and application-oriented
design. Early works focused on demonstrating the physical
existence of Fano interference in guided-wave structures
and microresonators, whereas more recent contributions
have emphasized engineering control, spectral reconfigura-
bility, and hybrid material integration. The demonstration
of the Fano-like FBG highlights the potential of this struc-
ture as a simple device capable of exciting a Fano-like reso-
nance. When demonstrated as a RI sensor with a resolution
of 6 x 10~* RIU, the sensitivity is not remarkable; however,
the self-referencing method is useful for reducing the influ-
ence of external noise on the measurement. Looking to
the future, research is expected to converge on several key
directions. First, the integration of intelligent control mech-
anisms, such as thermo-optic, electro-optic, and opto-me-
chanical tuning, will likely enable adaptive Fano
resonance devices capable of self-calibration and real-time
environmental compensation. These developments may
render Fano-based sensors and filters not only highly sensi-
tive but also self-stabilizing and field-deployable for opera-
tion in harsh or dynamic environments. The ongoing
miniaturization trend in photonic integration suggests that
Fano-resonant fiber systems may evolve toward chip-scale
architectures, maintaining the low-loss advantages of
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optical fibers while achieving full compatibility with silicon
photonics and planar integrated circuits. This evolution
could lead to compact, mass-producible Fano-based devices
directly integrated into telecommunication, biomedical, and
quantum systems. In summary, the coming decade is poised
to witness the emergence of adaptive, multifunctional, and
miniaturized Fano-resonant fiber systems, bridging the gap
between  fundamental  photonics and  real-world
applications.
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