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Gold-coated tilted fiber Bragg gratings have established themselves as powerful plasmonic
biosensors, but their widespread deployment remains hindered by the need for costly, high-resolution
interrogators and complex signal processing. Here, we demonstrate that tilted fiber Bragg gratings
sensors can be effectively interrogated using a low-cost, coarsely resolved fiber Bragg grating
interrogator with only 256 pixels spanning 45 nm, corresponding to a low resolution (~180 pm, 10
times coarser than standard interrogators). By applying a fast Fourier transform-based demodulation
technique to the dense, comb-like cladding mode spectrum, we extract robust sensing information
using only a narrow spectral window of a few tens of nanometers. This dramatically reduces hardware
and computational requirements while preserving high sensitivity. We validate our approach in both
refractometry and biosensing, targeting the clinically relevant biomarker Proteinase 3. Furthermore,
we show that temperature cross-sensitivity can be compensated directly within this narrow spectral
range by tracking a dedicated cladding mode resonance, eliminating the need to reference the Bragg
mode. These advances pave the way for compact, cost-effective, and user-friendly plasmonic fiber

sensor systems deployable in real-world biomedical environments.

Over the past two decades, tilted fiber Bragg gratings (TFBGs) have emerged
as a cornerstone technology in optical biosensing, particularly when coated
with a nanometric gold film to excite surface plasmon resonances (SPRs).
These plasmonic TFBGs uniquely combine the high surface sensitivity of
SPRs with the inherent advantages of optical fibers, including compactness,
easy light injection, immunity to electromagnetic interference, and in situ
operation with remote interrogation'™. Their rich spectral signature,
composed of dozens of narrow cladding mode resonances spanning a broad
wavelength range, provides an information-dense platform for highly sen-
sitive detection of refractive index (RI) changes and biomolecular interac-
tions at their outer surface’".

Among the various classes of plasmonic optical fiber biosensors, gold-
coated tilted fiber Bragg gratings (SPR-TFBGs) have consistently demon-
strated superior sensing performance, owing to their combination of high
refractive index sensitivity and narrow, well-defined resonance features.
This combination enhances both detection limit and noise resilience,
making TFBGs a compelling platform for label-free biosensing. Unlike
etched or U-bent multimode optical fibers or long period fiber gratings'",
which typically excite a broad, low-Q plasmonic band, TFBGs produce
ultra-narrow spectral features (often below 0.2nm full width at half

maximum) with high signal-to-noise ratios and polarization dependence.
As a result, the ratio between the RI sensitivity and the spectral linewidth of
the resonance exceeding several hundreds to over a thousand RIU™" have
been reported", outperforming competing architectures by an order of
magnitude. Moreover, the distributed comb-like spectrum of TFBGs allows
for multi-mode tracking13 , further enhancing stability, resolution, and
robustness against noise. This makes TFBGs particularly well suited for
applications requiring ultra-low detection limits, such as biomarker diag-
nostics, environmental sensing, and lab-on-fiber systems.

Because of this high-Q nature, the interrogation of gold-coated TFBGs
has relied on high-resolution, and often expensive, optical spectrum ana-
lyzers or finely-resolved interrogators. In most reported works, a single
cladding mode resonance is tracked, either in wavelength shift or amplitude
modulation, to infer local changes in the surrounding medium. While this
technique remains widely adopted, its practical implementation is often
limited by system complexity, cost, and robustness issues in real-world
settings. The need for high-resolution equipment also imposes constraints
on the miniaturization and portability of TFBG-based biosensing systems,
hampering their broader adoption in clinical, environmental, and industrial
applications.
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In this work, we introduce a paradigm shift in the demodulation of
plasmonic TFBG sensors by demonstrating that a coarsely resolved fiber
Bragg grating interrogator featuring a modest close to 180 pm wavelength
resolution can be leveraged to extract relevant sensing information with
high fidelity. The key to this breakthrough lies in its combination with a
powerful demodulation method based on the fast Fourier transform (FFT)
of the transmitted spectrum. This approach effectively harnesses the spectral
density of cladding mode resonances and transforms their complex comb-
like structure into a highly informative frequency-domain signature. Not
only does this simplify the analysis pipeline, but it also substantially reduces
hardware requirements, offering a cost-effective and user-friendly alter-
native to conventional techniques.

We demonstrate the effectiveness of this method in both refractometric
and biosensing scenarios. Remarkably, we show that only a narrow spectral
window spanning a few tens of nanometers is sufficient for reliable sensing,
drastically reducing data acquisition and processing overheads. Addition-
ally, we provide experimental evidence that temperature compensation, a
critical challenge in biosensing, can be achieved using a dedicated cladding
mode resonance rather than relying on the Bragg mode. This further
enhances the practicality of the approach, eliminating the need for addi-
tional reference gratings or environmental isolation strategies.

By addressing key limitations in interrogator cost, spectral bandwidth,
and temperature cross-sensitivity, this work paves the way for broader
deployment of TFBG biosensors in portable and field-deployable platforms.
It represents a significant advance in the transition of plasmonic fiber
sensing from lab-scale research to scalable, real-world applications.

Results

General spectral characteristics

An SPR-TFBG is a sensor in which a Bragg grating is inscribed within the
core of a single-mode optical fiber with a tilt relative to the fiber cross-
section, as illustrated in Fig. 1a. This angular configuration enables efficient
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Fig. 1 | Fourier-based analysis of the gold-coated tilted fiber Bragg grating (SPR-
TFBG) response. a Schematic representation of the interrogation setup for SPR-
TFBG. b Experimental insertion loss (IL) spectrum of the transverse magnetic
polarized mode for an SPR-TFBG immersed in water. ¢ Positive-frequency com-
ponent of the Fourier-transformed IL spectrum. d Filtered IL spectrum for each

coupling between the guided core mode and a series of cladding modes,
giving rise to distinct resonances observable in the transmission amplitude
spectrum (Fig. 1b), as measured by an optical spectrum analyzer. The
resulting resonance features, spaced ~1 nm to 1.5 nm apart, correspond to
modal interference patterns, including the self-coupled Bragg resonance at
the right end of the spectrum. To facilitate surface plasmon excitation and
thereby increase RI sensitivity, the fiber’s cladding is coated with a thin gold
film, typically around 50 nm thick. A characteristic spectral constriction,
whose position depends on the SRI, signals the excitation of a surface
plasmon at the metal-surrounding dielectric interface.

Traditional interrogation techniques rely on direct spectral analysis;
monitoring resonance shifts or amplitude variations'’. However, recent
advances in signal processing have introduced alternative strategies to
improve sensing accuracy and robustness. One such method applies Fourier
transform filtering techniques to convert this spectral comb into a spectrum
exhibiting a single resonance, the SPR"". Specifically, after applying a FFT
to the IL spectrum, the spatial frequency decomposition reveals three
doublets corresponding to the first, second, and third harmonics (Fig. 1¢).
By isolating the first harmonic using a fourth-order Gaussian filter and
applying an inverse Fourier transform to the result, one obtains a curve with
alocal minimum located at the resonance wavelength (Fig. 1d). This spectral
simplification enables straightforward minimum tracking of the SPR shift,
which exhibits a quasi-linear evolution with the RI. Importantly, this is
achieved without relying on any interpolation between spectra.

Figure le presents the evolution of this filtered signal in three
dimensions as the SRI increases. The dark green curve denotes the spectrum
at the initial RI, while the red trajectory highlights the progression of the
minimum across the RI range. The projection onto the wavelength-SRI
plane (Fig. 1f) highlights the linear correlation between the minimum’s
position and the SRI. This Fourier-domain filtering approach offers a
robust, interpolation-free demodulation strategy that enhances linearity and
sensitivity while reducing computational complexity.
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harmonic, with the red marker indicating the tracked spectral position. e Three-
dimensional representation of the first harmonic’s filtered spectrum (experimental
data) as a function of surrounding refractive index (RI). f Projection of (e) onto the
wavelength-RI plane.
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Temperature compensation

While SPR-TFBGs are commonly employed to monitor changes in the SRI,
the presence of the Bragg resonance, analogous to that in standard FBGs,
enables simultaneous temperature tracking and compensation. This feature
is particularly valuable when thermal effects impact RI measurements,
which represents the vast majority of practical cases. Indeed, temperature
variations induce changes in the RI of water, following'’
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where the temperature-dependent coefficients A(T), B(T), C(T), and D(T)
are defined as follows'”:
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Thus, in the experiments reported herafater, we conducted all measurements
in pure water under passive cooling, rather than using solutions with varying
Rls. Before analyzing RI-induced variations, we first bring the confirmation
that the Bragg resonance in a TFBG behaves similarly to that of a conventional
FBG. To characterize its thermal sensitivity, we immersed an SPR-TFBG and a
co-located reference FBG in pure water initially at ~ 50 °C, and allowed the
system to cool passively to ambient temperature. As illustrated in Fig. 2a,
spectra were acquired concurrently using a high-resolution interrogator and a
lower-resolution device (see sections Interrogation device and Experimental
setup for temperature and RI characterization). The corresponding spectra are
shown in Fig. 2b, ¢, with insets displaying the Bragg peaks fitted using a Voigt
function. This fitting allows precise localization of the Bragg wavelength,
marked by vertical lines at the maxima of the fitted profiles.

The Voigt function, defined as the convolution of a Gaussian and a
Lorentzian profile, offers improved accuracy over a purely Gaussian model,
particularly in the presence of asymmetries. Figure 2d displays the evolution
of the Bragg peak positions throughout the cooling ramp. Two main
observations emerge: (i) both the SPR-TFBG and the reference FBG exhibit
comparable thermal responses, confirming the use of the Bragg feature as a
reliable temperature probe; and (ii) the sensitivity measured using the low-
resolution system is ~15% lower.

Moreover, when the Bragg resonance lies outside the interrogation
window due to spectral range limitations, temperature compensation may
still be achieved by monitoring alternative spectral features.

Figure 2e shows a magnified view of the high-resolution SPR-TFBG
spectrum, with 30 labeled resonances, five of which are highlighted. As
shown in Fig. 2f, which presents a 3D view of the evolution of A}; over time
during passive cooling, all peaks exhibit a blueshift as the temperature
decreases, although the extent of the shift varies. Modes showing the largest
downward shift, such as i = 1 and i = 30, are predominantly driven by
temperature changes and are located at the spectral edges. These modes are
minimally affected by refractive index variations of the surrounding med-
ium, making them suitable references for temperature compensation. In
contrast, modes located near the SPR attenuation band, such as i = 8, are
subject to both thermal and refractive index effects, with the RI variation
acting in opposition to the thermally induced blueshift, thus effectively
slowing their spectral evolution. The black vertical lines in Fig. 2f indicate the

final A, for the five highlighted peaks (i =1, =8,i= 16, i =20, and i = 30).
The Fig. 2f also shows the evolution of the Bragg peak, which is insensitive to
RI changes and therefore exhibits the largest absolute A); shift, amounting
to — 0.248 nm over the experiment. Among the cladding modes, the largest
shifts were observed for i = 1 (—0.221 nm) and i = 30 (—0.216 nm), closely
matching the Bragg peak shift. Modes i = 8, i = 16, and i = 20 showed smaller
shifts of —0.151 nm, —0.209 nm, and —0.187 nm, respectively. Although
the peak at i = 16 appears weakly sensitive to RI changes, in cases where the
Bragg peak is inaccessible, temperature compensation is best performed by
aligning the spectra on cladding modes with low effective Rls, such as i = 1,
corresponding to modes radiated in a bare TFBG.

Refractive index tracking

As indicated by Eq. (1), variations in the RI arise from temperature changes
that affect all features of the ILs. As discussed in the general spectral char-
acteristics section, the method used to extract RI variations relies on filtering
in the Fourier domain. We first examine the effect of reduced spectral
resolution on the filtered spectrum.

Spectral resolution effect. In theory'’, the SPR wavelength is given by:

En€a ) A ©)
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ASPR — (nce:?f +

where &; = n* denotes the dielectric permittivity of water, nSy = 1.447
represents the effective refractive index of the core mode, ¢,, denotes the
permittivity of gold, and A/ cos @ specifies the projection of the grating
period onto the fiber axis, with 0 being the tilt angle of the grating relative to
the fiber cross-sectional plane.

This enables extraction of the SPR wavelength, A*, indicated by the
red and blue markers in Fig. 3a presenting the results of the filtering-based
method applied to spectra recorded during the cooling experiment from
both interrogation systems. To enhance the precision of the SPR wavelength
determination in addition to the approach developed in the general spectral
characteristics section, we introduced zero-padding in the Fourier domain
after filtering. While this operation does not add spectral information, it
increases the sampling resolution to 0.1 pm, thereby improving the locali-
zation of the SPR minimum without requiring curve fitting. Figure 3a shows
consistent identification of the SPR dip despite differing native spectral
resolutions. The temporal evolution of A**® is shown in the lower panel of
Fig. 3b. While both systems exhibit similar trends, the lower-resolution
instrument underestimates the SPR shift during cooling, with a maximum
deviation of approximately 12% relative to the shift measured by the high-
resolution system. This discrepancy is quantified in the upper panel of
Fig. 3b, which plots the temporal residual error, defined as:

SPR ASPR
SPR __ “"180pm 4pm
AAA]’nst, - ASPR (7)
4pm

Additionally, we demonstrate that the analysis method reliably retrieves the
SPR wavelength. By combining Eq. (1) and Eq. (6), and using the gold
permittivity values from Yakubovsky et al.”, we computed the semi-
theoretical evolution /\g;,R(T). The grating period was experimentally
estimated from the Bragg wavelength:

A

Ay = 2n<8 .
B “ff cos @

®)

As shown in Fig. 3¢, the experimental values of A*™* diverge from the the-
oretical curve due to temperature-induced RI changes. However, once
temperature is compensated for, either via the Bragg peak shift or a cladding
mode located on the low-wavelength side of the SPR dip, the experimental
results closely match the theoretical model. This underscores both the
importance of temperature compensation in non-isothermal sensing
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Fig. 2 | Spectral characterization and temperature tracking of a gold-coated tilted
fiber Bragg grating (SPR-TFBG) during passive cooling. a Experimental setup for
monitoring spectral shifts in an SPR-TFBG and a reference fiber Bragg grating (FBG)
immersed in water at ~50 °C. b High-resolution insertion loss (IL) spectra. Top
panel: Reference FBG, total IL in purple, Bragg peak in turquoise. Inset: zoom on
Bragg peak with Voigt fit (black) and maximum indicated by vertical orange line.
Bottom panel: Gold-coated SPR-TFBG, total IL in purple, Bragg peak in turquoise,

region corresponding to (e) in gray. Inset: zoom on Bragg peak with Voigt fit (black)
and maximum indicated by vertical red-pink line. ¢ SPR-TFBG spectrum acquired
with BSI-108 interrogator. Total IL in blue, Bragg peak in turquoise. Inset: zoom on
Bragg peak with Voigt fit (black) and maximum indicated by vertical green line.

d Evolution of Bragg wavelength from Voigt fits. e Zoom on SPR-TFBG spectrum
shown in (b). f 3D view of A), for all 30 peaks during passive cooling. Vertical black
lines mark the five peaks highlighted in (e).

environments and the potential of cladding modes as effective temperature
references.

Interrogation range effect. To evaluate the influence of the interrogated
wavelength range, we repeated the experiment using a BSI-104

interrogator, which offers a narrower spectral window compared to the
BSI-108 (see interrogation device section). An SPR-TFBG with a tilt angle
of 8° was selected to ensure that the SPR dip remained within the
accessible spectral range. However, under this configuration, the Bragg
peak falls outside the interrogation window. Figure 4a, e displays the
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Fig. 3 | Resolution dependency of surface plasmon resonance (SPR) wavelength
shift and temperature compensation. a Filtered insertion loss (IL) spectrum of a
gold-coated tilted fiber Bragg grating (SPR-TFBG) showing the extraction of the
resonance minimum for both interrogation systems: MicronOptics and BSI-108
with 4 pm and 180 pm of sampling step respectively. b Temporal evolution of the
SPR wavelength extracted, compared to the temperature measured by a thermo-
couple. The upper part shows the temporal residual deviation between low and high-
resolution interrogators. ¢ Comparison between the experimental and theoretical
evolution of the SPR wavelength, computed using temperature-dependent refractive
index models.

spectra recorded with the BSI-108 and BSI-104, respectively. In Fig. 4a,
the orange-shaded area delineates the spectral subset covered by the
BSI-104.

As shown in Fig. 4b, filtering the spectrum within either the full or
truncated window yields the same resonance position, and Fig. 4c further
confirms that the dependence of the SPR wavelength on the refractive index
is preserved.

Figure 4d investigates the robustness of SPR wavelength detection as
the spectral window is progressively narrowed. The extracted wavelength

remains stable as long as an interrogated range of ~25 nm is retained around
the SPR feature. Below this threshold, edge effects introduce distortions that
may shift the apparent minimum and reduce accuracy.

Measurements acquired with the BSI-104 support these observations.
Figure 4f, c presents the filtered spectra and the corresponding temperature
evolution, demonstrating that SPR-based sensing remains robust under
moderate spectral truncation, provided the attenuation dip is sufficiently
captured.

Biosensing application

As previously noted, SPR-TFBGs can serve as biosensors following func-
tionalization with receptors specific to the target analyte. Using the setup
shown in Fig. 5a, we simultaneously tracked the evolution of the filtered
spectrum minimum during biofunctionalization and biodetection steps
with two instruments of differing resolution (MicronOptics and BSI-108).
The analyte consisted of proteinase 3 (PR3) antigens (C-ANCA), purified
from human neutrophils. As in our previous work", the SPR-TFBG sensor
was placed within a microfluidic chamber connected to a control flow and
solution system.

Figure 5b shows the surface functionalization results. Each solution
induces a clear, distinct spectral shift in both instruments. Notably, the
sensitivity measured with the BSI-108 is ~13% lower than with
the MicronOptics system (upper panel, Fig. 5b) as it was expected from the
spectral resolution effect section. This reduction does not impair detection
of autoantibodies in patient serum. Due to the absence of international
standards in autoimmunity, precise quantification of autoantibody levels
was not possible; serum dilutions followed supplier guidelines.

While absolute spectral shifts cannot be used as a direct diagnostic
metric, the relative change in signal before and after serum exposure, fol-
lowed by rinsing, provides a robust detection criterion. Spectral responses
from control (top) and positive (bottom) serum samples are shown in
Fig. 5¢. To assess detectability, we define a positive result as a relative shift
exceeding three times the standard deviation (o) of the baseline signal,
calculated from the sensor response while immersed in buffer prior to
analyte exposure.

Error bars in Fig. 5d represent +1.960 for each trace. The factor 1.96
corresponds to the 95% confidence interval assuming a normal distribution
of baseline fluctuations. Each trace corresponds to a single measurement per
instrument and condition; thus, the error bars reflect the intrinsic variability
of the sensor signal under the experimental conditions, providing a realistic
estimate of the measurement uncertainty in the absence of standardized
reference materials for autoantibody quantification. As illustrated, only the
positive sample crosses this 3¢ threshold, while the control remains well
below it, confirming reliable discrimination between the two conditions
without requiring absolute calibration.

This binary approach is consistent with clinical practice, where ANCA
serology is typically used to confirm or exclude a suspected diagnosis rather
than to quantify antibody concentration. The most common methods
include ELISA, with a positivity threshold defined at 20 U/mL, and indirect
immunofluorescence (IIF), where titers above 1:8 are considered
positive’' ., In our case, the supplier confirmed that the serum samples were
pre-characterized as either positive or negative. No numerical thresholds
were provided, and the results are interpreted qualitatively. Consequently,
the comparison shown in Fig. 5d relies on juxtaposing the two conditions to
highlight differential spectral responses. Moreover, precise quantification
using a limit of detection would only be meaningful if accurate threshold
values could be defined. This is not compatible with the post-diagnostic
clinical context described above, where serological results support or refute
an already established clinical suspicion.

Discussion

This work establishes a new methodological pathway for the interrogation
ofhigh-Q plasmonic TFBG sensors, leveraging their dense spectral response
through a compact, low-resolution readout strategy. Building upon the
approach introduced in our previous work', we enhance its applicability by
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(pink) and restricted (orange) spectra as well as results from BSI-104 interrogation.
d Wavelength of the spectral local minimum as a function of interrogation window
width. The orange and pink curves correspond to the full and restricted cases,
respectively, while the light blue curve shows this minimum wavelength as the
window narrows. e Spectrum measured with the BSI-104 interrogator. f Resulting
spectra after applying the filtering-based method on (e).

incorporating Fourier-based signal processing with zero-padding, thereby
mitigating the limitations imposed by the interrogator’s spectral resolution.
This allows the retrieval of robust sensing information from the cladding
mode spectrum within a narrow spectral window, using instruments with
sampling intervals as coarse as ~180 pm. This departs fundamentally from
conventional interrogation techniques that rely on finely resolved tracking
of individual resonances, often requiring expensive and bulky equipment.

The proposed approach reduces both hardware complexity and
computational burden while preserving sensitivity and selectivity, even
in non-ideal experimental conditions. We validate its performance in
controlled refractometric environments as well as in clinically relevant
biosensing scenarios. Importantly, the method remains resilient to
spectral range truncation, provided the surface plasmon resonance dip is
adequately captured. Moreover, we show that temperature-induced
shifts can be compensated without referencing the Bragg mode, by
tracking a dedicated cladding mode resonance within the same window.
This reinforces the self-sufficiency of the system and simplifies the
overall architecture.

Our results indicate that a lower-resolution system, while under-
estimating the absolute magnitude of spectral shifts by ~13%, preserves the

fidelity of relative measurements. This precision proves sufficient for dis-
criminating biological samples with distinct molecular signatures. In con-
texts where qualitative or threshold-based decisions are adequate, such as
early-stage diagnostics or portable environmental monitoring, this level of
performance is not only acceptable but desirable when balanced against
cost, portability, and ease of use.

By reframing the interrogation process around the information con-
tent of the spectrum rather than its absolute resolution, this work addresses
key limitations hindering the deployment of high-performance plasmonic
sensors beyond laboratory settings. It opens the door to a new class of
compact and cost-effective fiber optic biosensors, capable of delivering high-
quality measurements with minimal infrastructure and accessible data
processing, thereby advancing the integration of plasmonic fiber sensing
into real-world biomedical and industrial applications.

Methods

Sensor fabrication

The fabrication process of Au-TFBGs, which serves as the basis for the
biosensors used in this study, involves several steps. A silica tele-
communication grade optical fiber (Corning SMF-28) is first hydrogen
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Fig. 5 | Biosensing with a gold-coated tilted fiber Bragg gratings (SPR-TFBG)
using low- and high-resolution interrogators. a Experimental setup for micro-
fluidic biosensing. b Surface functionalization steps monitored with both systems.
¢ Spectral response to serum samples. Top panel: Control (Ctrl) solution, curves in
blue and green matching the colors in (b). Bottom panel: PR3-positive serum, curves
in blue and green. Black arrows indicate the last measurement, pointing to colored

markers that highlight the measurement positions. Marker colors in the top panel
are yellow and pink; in the bottom panel, blue and green. The arrows serve to guide
the eye to the markers, which may partially overlap. d Differences in spectral shifts
for control (Ctrl) and PR3-positive serum samples. Error bars correspond to +1.960,
where o is the standard deviation of the baseline sensor response measured in buffer
prior to analyte exposure.

loaded at ~200 bar and 60 °C for 30 h to enhance its photosensitivity. Then,
using the phase mask technique, a tilted Bragg grating is inscribed within the
fiber core. An excimer laser (Noria, from Northlab Photonics) operating at
193 nm is used in conjunction with an 7 or 8°-tilted phase mask with a
period of 1100 nm. To remove excess hydrogen, the fiber is heated at 100 °C
for 24 h. Finally, a 50 nm thick gold layer is deposited on the fiber using a
sputter-coater Spuco equipped with 2" magnetron modules operating at a
250 W RF power supply. The deposition process is monitored using an
inbuilt quartz microbalance with a resolution of 0.1 nm.

Interrogation device
Three FBG interrogators were employed to acquire the data presented in
this study. The first system comprised a National Instruments PXIe-1071
chassis equipped with a PXIe-8135 embedded controller and a PXTIe-4844
optical sensor interrogator. This setup offers a wavelength interrogation
range from 1510.000 nm to 1589.996 nm with a sampling step of 4 pm,
facilitating high-resolution spectral measurements.

The other two systems were BSI-104 and BSI-108 interrogators
(BSENS, Belgium), both utilizing the DenseLight DL-US55016D-FS
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superluminescent diode (SLED) as a broadband light source. The BSI-104
covers an interrogation range from 1525.151 nm to 1569.7584 nm, while the
BSI-108 covers the range from 1508.5330 nm up to 1596.2739 nm. Both
systems have a sampling interval of ~180 pm.

Experimental setup for temperature and Rl characterization

The experimental setup, sketched in Fig. 2a, consists of two interrogators
used to monitor a single SPR-TFBG. The sensor is connected to both
instruments via a 1 x 4 optical switch (used as a 1 x 2 one), enabling
sequential acquisition every 5 s. A polarization controller is placed upstream
of the switch to optimize the input state of polarization and ensure the
excitation of the SPR-attenuated ILs. The SPR-TFBG is immersed in a
beaker filled with pure water initially heated to 50 °C using an AREX Digital
stirrer-heater system from VELP Scientifica. Temperature monitoring is
performed with an N-type thermocouple connected to a USB-TC-108 data
logger from Pico Technology, enabling accurate tracking of the passive
cooling process. For temperature measurements, a reference FBG, written in
an SMF-28 fiber with a uniform grating period of 544 nm, was connected to
the Micron Optics interrogator.

Experimental setup for biosensing

For the biosensing part, the Au-TFBG sensor is placed within a microfluidic
chamber with a cross-section of 3.2 + 0.7mm? The chamber, from
microfluidic ChipShop GmbH, has a volume of 120 uL and features two
inlets and one outlet, allowing for the alternating delivery of different
solutions into the chamber. The output flow rate is regulated at 30 uL min™"
to maintain a consistent flow rate during the experiments. The solutions are
controlled using double diaphragm pumps integrated with a bubble trap
and a pulsation damper (Micropumps mp6, mp-bt, and mp-damper from
Bartel Mikrotechnik).

Reporting summary
Further information on research design is available in the Nature Portfolio
Reporting Summary linked to this article.

Data availability
All data that support this study are available from the corresponding author
upon reasonable request.

Code availability
Code to replicate this research can be requested from the corresponding
author upon reasonable request.
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