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Abstract: Fiber Bragg gratings (FBGs) have gained substantial research interest due to their excep-
tional sensing capabilities. Traditionally, FBG fabrication has required the use of pre-hydrogenated
fibers and high-cost laser systems such as excimer lasers at 193 nm or femtosecond lasers. In this
study, we present the first instance of FBG inscription in hydrogen-loaded, standard single-mode
silica optical fibers using a more affordable 266 nm solid-state pulsed laser combined with a scanning
phase mask lithography technique. We systematically explored the effects of pulse energy and
scanning speed on the quality and spectral characteristics of the gratings, achieving reflectivities as
high as 99.81%. Additionally, we tracked the spectral evolution during the FBG inscription process,
demonstrating uniform growth of the core mode. We also investigated the stability of the core mode
during a 24-h thermal annealing process up to 150 °C. The sensitivity was 10.7 pm/°C in the range of
0 to 130 °C. Furthermore, strain measurement was conducted based on the FBG annealed at 100 °C,
showing a sensitivity of 0.943 pm/ e in the range of 0 to 1667 y.e.

Keywords: fiber Bragg gratings; hydrogen-loaded optical fiber; solid-state laser; scanning phase
mask; thermal annealing; temperature sensitivity; strain sensitivity

1. Introduction

Fiber Bragg gratings (FBGs) include several types of structures such as standard FBGs,
tilted FBGs (TFBGs), chirped FBGs, etc. Among these, standard FBGs are the most popular
ones, which are optical devices consisting of periodic variations in the refractive index
of the fiber core. It selectively reflects specific wavelengths of light, similar to a mirror.
Due to this unique property, FBGs are widely used in various applications including
telecommunications, sensing, and laser technologies [1-3]. FBG sensors offer numerous
advantages including a compact structure, immunity to electromagnetic interference, resis-
tance to corrosion, rapid response times, and the ability to perform multi-parameter and
quasi-distributed sensing [4-6].

FBGs are fabricated by periodically modulating the refractive index along the fiber core.
To achieve high Bragg reflectivity, the photosensitivity of the fiber can be enhanced through
various methods such as doping with elements like germanium (Ge) or tin (Sn) [7], flame
brushing [8], irradiation with 193-nm ArF excimer lasers [9-12], boron co-doping [13,14],
or by loading the fiber with high-pressure hydrogen gas [15]. Among these methods,
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high-pressure hydrogen loading is recognized as one of the most effective and economical
ways to significantly increase the photosensitivity in traditional GeO,-doped fibers [16].

In typical optical fibers, the tensile stress between the core and cladding is fixed due to
the rapid cooling process during fiber drawing [17]. The diffusion of hydrogen within the
fiber alters this stress [18], increasing the fiber’s photosensitivity by raising the effective
refractive index by approximately 0.05% [19]. When hydrogen-loaded optical fibers are
exposed to UV light, the hydrogen molecules dissociate and react with germanium-related
defects, forming Ge-OH bonds, which occurs exclusively in the fiber core [16]. This reaction
depletes hydrogen in the core, reducing the refractive index. However, the diffusion
of hydrogen molecules from the cladding to the core restores a dynamic equilibrium in
hydrogen concentration, subsequently increasing the refractive index [19]. Additionally,
the hydroxyl groups produced by this photochemical process can reduce the residual stress
in the fiber [20].

FBG inscription is typically performed using holographic interference or phase mask
techniques. The holographic method employs an interferometer to split the laser beam,
which is then recombined to produce an interference pattern [21]. However, due to the low
coherence length of UV lasers, fabricating FBGs using UV lasers was challenging until 1993,
when Hill et al. [22] introduced the phase mask technique based on proximity exposure.
This method significantly lowers the spatial coherence requirements of the exposure source,
making it ideal for large-scale grating production with a consistent grating period. For
grating inscription in hydrogen-loaded fibers using the phase mask technique, previous
studies have predominantly employed UV-pulsed lasers with wavelengths of 244 nm [23],
246 nm [24], 248 nm [23,25-27], 255 nm [24], and 193 nm [23,28,29], among others. In
addition, early work by Aslund et al. [30] and Kohnke et al. [31] demonstrated that for FBG
inscription in hydrogen-loaded fibers, pre-exposure by 244-nm, 248-nm, and 193-nm lasers
could permanently enhance the fiber photosensitivity. Therefore, the phase mask technique
combining UV laser is the most effective way for large-scale grating production. However,
lasers used for grating inscription, such as those emitting at 248 nm and 193 nm, tend to be
relatively expensive.

This study marks the first reported FBG inscription in hydrogen-loaded optical fibers
using a cost-effective 266 nm solid-state pulsed laser combined with scanning phase mask
technology. We systematically investigated the effects of pulse energy and laser scanning
speed on grating quality, achieving a maximum reflectivity of 99.81%. Additionally, we
recorded the dynamic transmission spectra during the inscription process. Post-inscription,
the grating was thermally annealed for 24 h up to 150 °C. The sensitivity was 10.7 pm/°C
over a range of 0 to 130 °C. Additionally, the strain measurement was performed on the
FBG annealed at 100 °C, demonstrating a sensitivity of 0.943 pm/ e over the range of 0
to 1667 pe. This work paves the way for the inscriptions of other types of FBGs, such as
TFBGs, chirped gratings, and apodized gratings, at a low cost.

2. Experimental Setup

For our experiments, we utilized a standard single-mode telecommunication fiber
(Corning SMF-28, Corning, New York, NY, USA). Prior to the inscription of FBGs, the
optical fiber was subjected to hydrogen loading in a controlled environment. The fiber was
placed in a hydrogen chamber under a pressure of 12 MPa at a temperature of 70 °C for a
duration of 10 days, significantly enhancing its photosensitivity.

The FBG inscription was performed using a 266 nm solid-state pulsed laser (DPS-
266-Q, Changchun New Industries Optoelectronics Tech. Co. Ltd., Changchun, China)
that features a pulse width of approximately 7 ns, a circular beam diameter of about
2.5 mm at the laser output, and a beam divergence angle of roughly 1 mrad. The pulse
repetition rate was fixed at 20 Hz for this work. A phase mask, specifically optimized for a
266 nm wavelength (Phasemask Technology LLC, Fremont, FL, USA) with a grating pitch of
1090 nm, was positioned in close proximity to the fiber to facilitate the inscription process.
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The experimental setup is depicted in Figure 1. The beam emitted from the solid-state
laser was initially directed by a mirror mounted on a motorized translation stage toward a
cylindrical lens. The diameter of the beam at the cylindrical lens was approximately 4 mm,
slightly larger than the 2.5 mm at the laser output due to the mild divergence of the laser.
The cylindrical lens (focal length: 20 cm) then focused the beam down to a width of about
100 um along the fiber core, thereby enhancing the power density at the fiber core. The
focused beam, featuring 4 mm in its length and 100 um in its width, was scanned over a
12 mm segment of the fiber, resulting in the formation of a 16 mm-long grating.

Laser beam

Figure 1. Experimental setup for the inscription of FBGs using 266 nm solid-state laser pulses.

During the inscription process, real-time spectral data were recorded using a grating
interrogator (FS22SI, HBM Fiber Sensing, Moreira, Portugal), which offers a wavelength
resolution of 1 pm and a scanning rate of 1 Hz.

3. FBG Inscriptions
3.1. FBG Inscriptions Scanned at 0.012 mm/s

FBGs were inscribed under a fixed pulse repetition rate of 20 Hz and a scanning
speed of 0.012 mm /s, with pulse energies ranging from 1.75 m] to 2.5 mJ. The resulting
photo-induced transmission spectra, which displayed the differences between the spectra
before and after the grating inscription, are illustrated in Figure 2.

The data show that the out-of-band insertion loss was negligible, while the transmis-
sion depths of the core modes were approximately 20 dB for pulse energies of 1.75 mJ and
2 m]. As the pulse energy increased to 2.2 m], the transmission depth improved to 23.9 dB,
corresponding to a reflectivity of 99.60%. Additionally, an observable redshift in the Bragg
wavelength accompanied the increase in pulse energy.

However, when the pulse energy was further elevated to 2.5 m], the fiber experienced
breakage due to excessive heat accumulation during the inscription process. The spectrum
was severely deformed due to damage inside the fiber induced by the focused laser. This
suggests that increasing the pulse energy beyond a certain threshold does not enhance the
grating’s performance, but instead causes structural damage to the fiber. Therefore, a pulse
energy of 2.2 m] was deemed optimal for FBG inscription at the specified scanning speed
of 0.012 mm/s.
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Figure 2. Photo-induced transmitted spectra of FBGs inscribed with different pulse energies (1.75 m],
2 mJ, 2.2 m]J, 2.5 m]J) at a constant scanning speed of 0.012 mm/s and a pulse repetition rate of 20 Hz.

The reflected spectra are presented in Figure 3. As the pulse energy increased from
1.75 m]J to 2.2 m], the full width at half maximum (FWHM) first decreased from 0.19 nm
to 0.18 nm and then increased to 0.26 nm, while the side-mode suppression ratio (SMSR)
decreased from 5.76 dB to 3.06 dB.
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Figure 3. Photo-induced reflected spectra of FBGs inscribed with different pulse energies (1.75 m],

2 m]J, 2.2 mJ, and 2.5 mJ) at a constant scanning speed of 0.012 mm/s and a pulse repetition rate of
20 Hz.
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3.2. FBG Inscriptions Scanned at 0.01 mm/s

To enhance the reflectivity of the FBG, a lower scanning speed of 0.01 mm/s was
employed while maintaining a constant pulse repetition rate of 20 Hz. The pulse energies
were varied between 1.5 m] and 2.2 m]. The resulting photo-induced transmission spectra
are presented in Figure 4.

2.5
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Figure 4. Photo-induced transmitted spectra of FBGs inscribed with varying pulse energies (1.5 m]J,
1.75m], 2 m], and 2.2 m]) at a constant scanning speed of 0.01 mm/s and a pulse repetition rate of
20 Hz.

The data revealed that the transmission depths of the core modes were 9.9 dB, 25.3 dB,
and 12.8 dB, with corresponding Bragg wavelengths of 1577.695 nm, 1577.835 nm, and
1577.755 nm for pulse energies of 1.5 mJ, 1.75 m]J, and 2 mJ, respectively. A significant
increase in transmission depth was observed when the pulse energy was raised from 1.5 m]J
to 1.75 mJ. However, further increasing the pulse energy to 2 m] resulted in a decrease in
transmission depth.

Additionally, the Bragg wavelength showed a redshift as the pulse energy increased
from 1.5 m]J to 1.75 mJ. Interestingly, when the pulse energy was increased from 1.75 mJ
to 2 mJ, the core mode underwent a blueshift. These counterintuitive results can be at-
tributed to the threshold effect of hydrogen molecule dissociation in the fiber core; once
this threshold is reached, further increases in energy do not enhance hydrogen dissoci-
ation [32]. Instead, excessive heat accumulation accelerates the diffusion of hydrogen
from the cladding to the external environment [33], thereby reducing the refractive index
enhancement caused by hydrogen diffusion from the cladding to the core.

Furthermore, when the pulse energy was increased to 2.2 mJ, the excessive heat
accumulation during the writing process caused damage to the silica material of the fiber,
rendering the inscription features unobservable. The spectrum was severely deformed
due to damage inside the fiber induced by the focused laser. The microscopic images of
fibers at different pulse energies are shown in Figure 5. At 1.5 mJ, 1.75 mJ, and 2 m]J, the
damaged cladding area expanded with pulse energy, while the fiber core remained intact.
However, at 2.2 m]J, in addition to cladding damage, there were noticeable damage points
in the fiber core that overlaid or erased the FBG, which would significantly compromise the
fiber integrity and FBG performance. Therefore, a pulse energy of 1.75 m] was considered
optimal for FBG inscription at a scanning speed of 0.01 mm/s. It is noteworthy that this
optimal pulse energy (1.75 m]) was lower than the 2.2 m] required for the higher scanning
speed of 0.012 mm/s. Therefore, it was assumed that to achieve a very high reflectivity,
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the laser pulse energy should be set proportional to the scanning speed. The total energy
irradiated on the grating area, forming Ge-OH bonds and generating the core refractive
index modulation depth, could determine the quality of the grating.

Figure 5. The microscopic images of the fibers with different pulse energies (a) 1.5 mJ, (b) 1.75 m],
(c) 2mJ, and (d) 2.2 m] at a constant scanning speed of 0.01 mm/s and a pulse repetition rate of 20 Hz.

Figure 6 presents the reflected spectra of the FBGs. As the pulse energy increased from
1.5 m]J to 2 mJ, the FWHM first increased from 0.12 nm to 0.23 nm and then decreased to
0.15 nm, while the SMSR decreased from 6.77 dB (1.5 m]) to ~3.9 dB (1.75 m] and 2 m]).
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Figure 6. Photo-induced reflected spectra of FBGs inscribed with varying pulse energies (1.5 mJ,
1.75 mJ, 2 mJ, and 2.2 m]) at a constant scanning speed of 0.01 mm/s and a pulse repetition rate of
20 Hz.
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3.3. FBG Inscriptions in Different Scanning Speed

The performance enhancement of the FBG through increased pulse energy is limited
due to the fiber’s intrinsic energy tolerance, which restricts further increases in the refrac-
tive index modulation amplitude. Consequently, we investigated the impact of different
scanning speeds on grating inscription while maintaining a constant pulse repetition rate
of 20 Hz and a fixed pulse energy of 1.75 m]. The scanning speeds were varied between
0.015 mm/s and 0.005 mm/s, resulting in inscription times ranging from 13 min to 40 min
for a 12 mm scanning length.

Figure 7 illustrates the performance variations of the FBG with decreasing scanning
speed. The results showed that the transmission depth of the grating initially increased
from 8.3 dB to 27.1 dB as the scanning speed decreased from 0.015 mm/s to 0.008 mm/s
due to enhanced laser irradiation. However, a further reduction in scanning speed to
0.005 mm/s resulted in a decrease in transmission depth, likely due to excessive heat
accumulation during the slower inscription process.
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Figure 7. Photo-induced transmitted spectra of FBGs inscribed at different scanning speeds
(0.005 mm/s, 0.008 mm/s, 0.01 mm/s, 0.012 mm/s, and 0.015 mm/s) with a constant pulse en-
ergy of 1.75 mJ and a pulse repetition rate of 20 Hz.

Simultaneously, a redshift in the Bragg wavelength was observed as the scanning
speed decreased from 0.015 mm/s to 0.005 mm/s, shifting from 1577.690 nm to 1577.935 nm.
When the scanning speed was further reduced to 0.003 mm/s, the excessive energy accu-
mulation caused damage to the fiber, compromising the inscription process.

Based on these findings, the optimal combination of parameters for FBG inscription
was determined to be a pulse energy of 1.75 mJ and a scanning speed of 0.008 mm/s, which
resulted in a reflectivity of 99.81%. Detailed grating data supporting these findings can be
found in Table 1.

Figure 8 provides the reflected spectra at different scanning speeds. The results showed
that as the scanning speed decreased from 0.015 mm/s to 0.008 mm/s, due to the increase
in energy accumulation, the FWHM of the reflected spectrum gradually increased from
0.11 nm to 0.33 nm. However, the FWHM decreased to 0.25 nm for the scanning speed of
0.005 mm/s due to the saturation of energy accumulation. However, the SMSR gradually
decreased from 7.81 dB to 1.18 dB.
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Table 1. Transmitted and reflected spectral parameters for FBGs inscribed under various conditions.

Pulse Energy Scanning Wavelength of Transmission Depth ~ Reflectivity of
(m]) Speed (mm/s)  Core Mode (nm) of Core Mode (dB)  the Grating (%) FWHM (nm)  SMSR (dB)
1.75 0.012 1577.790 21.1 99.23 0.19 5.76
2.00 0.012 1577.825 19.5 98.87 0.18 3.81
2.20 0.012 1577.865 239 99.60 0.26 3.06
1.50 0.010 1577.695 9.9 89.69 0.12 6.77
1.75 0.010 1577.835 25.3 99.71 0.23 3.85
2.00 0.010 1577.755 12.8 94.77 0.15 391
1.75 0.005 1577.935 19.5 98.87 0.25 1.18
1.75 0.008 1577.905 27.1 99.81 0.33 3.07
1.75 0.015 1577.690 8.3 85.07 0.11 7.81
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Figure 8. Photo-induced reflected spectra of FBGs inscribed at different scanning speeds (0.005 mm/s,
0.008 mm/s, 0.01 mm/s, 0.012 mm/s, and 0.015 mm/s) with a constant pulse energy of 1.75 m] and a
pulse repetition rate of 20 Hz.

We found that the FWHM corresponded to the reflectivity of the grating. The higher
the grating reflectivity, the larger the FWHM. This could be attributed to the large core
refractive index modulation depth induced by photo-inscription.

3.4. Dynamic Recording of the Transmitted Spectra During Inscription

Figure 9 provides an in-depth depiction of the dynamic process of FBG formation,
highlighting the evolution of the grating’s transmission spectra as a function of inscription
time. The FBG was inscribed using an optimized set of parameters: a scanning speed of
0.008 mm/s, a pulse energy of 1.75 mJ, and a pulse repetition rate of 20 Hz.

During the inscription process, it was evident that the transmission depth of the core
mode increased uniformly over time, indicating consistent grating growth. Throughout this
period, the central wavelength of the Bragg mode remained remarkably stable, showing
minimal variation. This consistency in wavelength suggests that the grating formation
is controlled and predictable, leading to the creation of a high-quality FBG with stable
spectral characteristics.
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Figure 9. Growth of photo-induced FBG transmitted spectra as a function of inscription time, with a
scanning speed of 0.008 mm/s, pulse energy of 1.75 m], and a pulse repetition rate of 20 Hz.

4. FBG Thermal Stability and Sensing Applications
4.1. Annealing at 100 °C

Without proper heat treatment, the central wavelength of an FBG inscribed in a
hydrogen-loaded fiber exposed to UV laser light tends to shift toward shorter wavelengths
over time due to the continuous diffusion of hydrogen out of the fiber [19]. To mitigate
the Bragg wavelength drift and enhance the grating’s stability and reliability for practical
applications, the FBG, inscribed under optimized conditions (0.008 mm/s, 1.75 mJ, 20 Hz),
underwent an annealing process. This process involved heating the grating at 100 °C for
half an hour with a linear temperature rise, followed by 24 h at a constant temperature to
accelerate the hydrogen out-diffusion.

Figure 10a illustrates the temporal evolution of the Bragg wavelength during anneal-
ing. Initially, the central wavelength exhibited a significant redshift from 1577.865 nm
to 1578.565 nm during the first half-hour of heating, which can be attributed to the
temperature-dependent wavelength shift [34]. This was followed by a blueshift from
1578.565 nm to 1578.220 nm during the constant-temperature annealing phase, primarily
due to a decrease in the effective refractive index as hydrogen escaped from the fiber at an
accelerated rate during heating [19].

Figure 10b depicts the temporal evolution of the transmission depth of the core
mode during the annealing process, showing a gradual decrease in transmission depth
throughout the entire process. The decrease in transmission depth corresponding to
the decrease in grating reflectivity results from the decrease in the core refractive index
modulation depth. The latter could also be attributed to the hydrogen escaping from the
fiber during the annealing process. These observations are consistent with the previously
reported behaviors of FBGs under similar conditions [34].
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Figure 10. Evolution of the FBG inscribed under conditions (0.008 mm/s, 1.75 m], 20 Hz) during the

annealing process at 100 °C, showing (a) the Bragg wavelength shift and (b) the transmission depth
of the core mode.

Figure 11 compares the FBG transmission spectra before and after annealing at room
temperature. Post-annealing, the spectrum exhibited an overall blueshift from 1577.875 nm
to 1577.450 nm, accompanied by a reduction in the transmission depth of the core mode
from 27.1 dB to 25.3 dB. This spectral shift and reduction in transmission depth are indica-
tive of the structural and compositional changes in the fiber during annealing, leading to
improved long-term stability of the grating.
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Figure 11. Spectral comparison of FBGs inscribed under conditions (0.008 mm/s, 1.75 m]J, 20 Hz)
before and after the annealing process.

4.2. FBG Temperature Measurement Within the Temperature Range of 0 to 80 °C

Following the annealing process, temperature characterization of the FBG was per-
formed within the temperature range of 0 to 80 °C, with measurements taken at 10 °C
intervals. The results, depicted in Figure 12, showed a consistent redshift in the central
wavelength of the core mode as the temperature increased, which aligns with previous
studies by Hsiao et al. [35] and Gonzalez-Reyna et al. [36] on FBG temperature sensing.
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Figure 12. Transmitted amplitude spectrum evolution of the core mode as a function of temperature.

During both the heating and cooling phases, the central wavelength evolution of the
core mode displayed near-coincidence, indicating good thermal reversibility of the FBG.
Linear fitting of the data, as illustrated in Figure 13, revealed a consistent temperature
sensitivity of 0.0104 & 0.0003 nm/°C across both heating and cooling phases. This result
demonstrates the FBG's stable optical properties when operated below its annealing tem-
perature [33], suggesting that higher annealing temperatures could further enhance the
upper limit of temperature sensing for these gratings.
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Figure 13. Linear fit of the central wavelength evolution of the core mode as a function of temperature.

4.3. Annealing at 150 °C

In the previous annealing process at 100 °C, the core mode transmission depth did not
stabilize during the 24-h annealing. However, we believe that the core mode transmission
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depth would eventually stabilize for a longer annealing period. To confirm this, we carried
out a second annealing on the same grating. The annealing temperature was raised to
150 °C, lasting for 24 h. Figure 14a,b illustrates the evolutions of the Bragg wavelength and
the transmission depth of the core mode during the second annealing, respectively. Finally,
both the Bragg wavelength and transmission depth of the core mode tended to stabilize.
The decrease in transmission depth corresponding to the decrease in grating reflectivity
resulted from the decrease in the core refractive index modulation depth. The latter could
also be attributed to the hydrogen escaping from the fiber during the annealing process.

Transmission depth of core mode
Temperature curve
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157884 e
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\, . - 14( 5. 0
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= 1577.8 @
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(a)

Figure 14. Evolution of FBG inscribed under conditions (0.008 mm/s, 1.75 m]J, 20 Hz) during the
annealing process at 150 °C, showing (a) the Bragg wavelength shift and (b) the transmission depth

of the core mode.

4.4. FBG Temperature Measurement Within the Temperature Range of 0 to 130 °C

Afterward, a second temperature characterization was conducted within the range
of 0 to 130 °C, with a measurement interval of 10 °C. The evolutions of the transmitted
spectra and the linear fit of the grating wavelength are shown in Figures 15 and 16, re-
spectively, indicating a temperature sensitivity of 0.0107 £ 0.0001 nm/°C during both the
heating and cooling stages, which is consistent with the results from the first temperature

characterization within the range of 0 to 80 °C.
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Figure 15. Transmitted amplitude spectrum evolution of the core mode as a function of temperature

within the range of 0 to 130 °C.
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Figure 16. Linear fit of the central wavelength evolution of the core mode as a function of temperature
within the range of 0 to 130 °C.

4.5. FBG Strain Measurement

Subsequently, we characterized the strain of the grating, written with a pulse energy
of 1.75 mJ and a scanning speed of 0.012 mm/s, followed by the 24-h annealing at 100 °C.
The experimental results are shown in Figure 17, with a sensitivity of 0.943 £ 0.005 pm/Le.
It is worth noting that the grating broke when the strain reached 1667 pe.

1579.04 ™ Wavelength
Linear fit of wavelength

1578. 8 1

1578. 6 7

1578. 4 1

1578. 2

Wavelength (nm)

1578. 0

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Strain (me)
Figure 17. Linear fit of the central wavelength evolution of the core mode as a function of strain.

5. Conclusions

In this study, we successfully inscribed FBGs in hydrogen-loaded optical fibers using
a cost-effective 266 nm UV laser in combination with a scanning phase mask technique.
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This approach allowed us to investigate the effects of varying scanning speeds and pulse
energies on the grating’s central wavelength, transmission depth, and reflected spectrum.
Our results showed that the FBGs exhibited uniform growth during the inscription process,
and we identified optimal conditions for maximizing reflectivity.

To ensure the stability of the FBGs, we subjected the gratings to a 24-h annealing pro-
cess up to 150 °C, which effectively stabilized their characteristics. Subsequent temperature
measurements within the range of 0 to 130 °C demonstrated a consistent temperature sensi-
tivity of 0.0107 £ 0.0001 nm/°C. This indicates that the FBGs maintained a reliable optical
performance when operated below the annealing temperature, making them suitable for
various temperature sensing applications. The strain measurement was conducted on the
FBG annealed at 100 °C, and a sensitivity of 0.943 pm/ e was achieved over the range of 0
to 1667 ue.

In summary, the grating inscription device used in this project is cost-effective, and
the grating fabrication process is straightforward. Additionally, scanning phase mask
technology can be employed for the large-scale production of high-reflectivity gratings in
hydrogen-loaded fibers. In recent years, TFBGs have gained popularity for biomedical
applications. Therefore, in the future, we plan to explore the inscription and characteriza-
tion of TFBGs in hydrogen-loaded fibers using the same setup. This advancement could
significantly reduce the cost of TFBG fabrication.
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