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Luminescence properties

We report in this article a study of luminescence properties of rare earth (herein Eu®*) embedded in oriented
nanostructures photo-induced by femtosecond laser irradiation in a lithium niobium borosilicate glass. A sys-
tematic comparison is made between the Eu®" luminescence properties in the irradiated area and the glass
matrix, including the effect of Eu®* concentration on luminescence spectra, lifetimes and absorption/emission
cross sections. Luminescence intensity is enhanced in the irradiated area compared to the glass matrix, which can
be proved useful in optical devices engineering.

1. Introduction

Luminescent nanomaterials have emerged as an important field of
research because they enable a large variety of applications including
the design/development of miniaturized optical devices such as lasers
and diodes [1-4]. Alongside, femtosecond (fs) laser direct writing
(FLDW) technique to transform matter at the nanoscale is expending to a
large variety of materials, including photoluminescent materials in
order to investigate new fluorescence properties in the irradiated glass
to produce luminescent nanostructures [5]. As an example, visible
emissions of doped glasses regain attractiveness from researchers for
developing various optical materials who can be used as emission
sources or 3D optical memories [6-9]. From this view, the crystalliza-
tion in volume by FLDW is a promising method to induce oriented
nanocrystals and nanostructures in glass materials, but the effect of the
rare earth (RE) incorporation and associated photoluminescence prop-
erties upon laser irradiation is not established [10,11]. Recently, the fast
crystallization of oriented LiNbO3 nanocrystals has been demonstrated
in LipO-Nb205-Si02-B203 (LNSB) glass system [12,13], proposing this
glass matrix as a good candidate for photocrystallization [14,15]. The
crystallographic orientation is considered identical compared to the
non-doped LNSB but the role of RE dopant inside the oriented nano-
structures depending on the fs laser parameters must be investigated
[12,13]. The understanding of laser induced transformations on the
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overall spectroscopic properties is a key requisite to the development of
optically active devices at the nanoscale. Borate glasses are known to be
a relatively good glass host for RE ions depending on the composition
and the doping concentration, where the photoluminescence properties
depends on the local environment [16,17]. Among the RE to investigate,
Europium (Eu®") ions are commonly used to study local structure
changes because of its relative simplicity of the energy diagram and a
well-defined electric dipole transition 5D0—>7F2 (around 615 nm) which
allows to use it as an in situ spectroscopic probe to study the effect of the
chemical environment around the ions [18,19]. Moreover, Eu®" main
photoluminescence emissions are located in the visible wavelength,
which is convenient for luminescence characterization. Additionally, it
is known that Eu" can be reduced to Eu?* relatively easily upon fs laser
irradiation due to the interaction of the RE>* ions with the electron
plasma induced at the focal point inside the glass matrix [20,21]. This
makes difficult the control of photoluminescence properties of the RE
ions in the irradiated region, as the homogeneity of the Eu®* ions may be
affected by the permanent photoreduction.

We report in this article the first study of Eu®* luminescence prop-
erties measured in polarization-oriented crystallized nanostructures by
fs laser irradiation of a glass material. The incorporation of Eu>* ions
into these oriented LiNbO3 nanocrystals can produce a new kind of in-
tegrated and miniaturized optic materials (laser sources, sensors or high
density optical storage) that will combine both non-linear optics with RE

E-mail addresses: julien.ari@universite-paris-saclay.fr (J. Ari), maxime.cavillon@universite-paris-saclay.fr (M. Cavillon).

https://doi.org/10.1016/j.0mx.2022.100198

Received 15 July 2022; Received in revised form 1 September 2022; Accepted 29 September 2022

Available online 12 October 2022

2590-1478/© 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-

nec-nd/4.0/).


mailto:julien.ari@universite-paris-saclay.fr
mailto:maxime.cavillon@universite-paris-saclay.fr
www.sciencedirect.com/science/journal/25901478
https://www.journals.elsevier.com/optical-materials-x
https://doi.org/10.1016/j.omx.2022.100198
https://doi.org/10.1016/j.omx.2022.100198
https://doi.org/10.1016/j.omx.2022.100198
http://crossmark.crossref.org/dialog/?doi=10.1016/j.omx.2022.100198&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

J. Ari et al.

spectroscopic properties in polarized sizable and orientable nano-
structures. In this context, the objective of this article is to investigate
the luminescence properties of a RE (e.g. Eu>" ions) inside the irradiated
area by fs-laser irradiation in LNSB doped glasses, and make a com-
parison of the luminescence properties with the doped glass matrix.
First, Eu®" absorption properties from the glass matrix will be presented,
followed by photoluminescence and lifetime measurements from the
Eu>" in the irradiated area. The variations of absorption and emission
cross sections are also presented.

2. Experimental details

The glass synthesis is realized from raw elements Li;CO3 (Alfa 5 N),
Nb,Os (Alfa, 3 N), SiO, (Alfa, 4 N), H3BOs (Alfa, 4 N) and Eus05 (Alfa, 4
N). Three glasses of 20 g are prepared following the conventional
melting-quenching method in atmospheric conditions. The host glass
composition 33Li»0-33Nb305-13Si02-21B503 mol% is doped with 0.5
mol% Eu®* (LNSB0.5Eu), 1 mol% Eu®t (LNSB1Eu) and 2 mol% Eu®t
(LNSB2Eu). Dehydration and decarbonation steps are performed prior
the melting at respectively 150 °C (30 min) and 1200 °C (30 min).
Glasses are melted at 1400 °C in a platinum crucible during 1 h, then
quenched between two stainless steel plates preheated at 350 °C. Glasses
are annealed at 350 °C for 3 h, then slowly cooled down to room tem-
perature using the thermal inertia of the oven. The obtained glasses are
cut and polished down to optical quality and to 1 mm thickness slabs.

The irradiation of the glass is made following the same procedure as
already describe elsewhere [12,15]. In short, a femtosecond laser beam,
operating at 1030 nm, is focused inside the glass at 300 pm depth in air
using an aspherical lens (NA = 0.6). A three-axis motorized translation
stage is used to control the motion of the sample during the irradiation.
1 mm long lines are written inside the glasses at 800 fs, 200 kHz, and a
fixed writing speed of 10 um/s. A static irradiation step is performed
before laser scanning to trigger crystallization [13]. Energies ranging
from 0.1 to 1.2 pJ are investigated using two writing polarization con-
figurations (labeled 0° and 90° as relative to the writing direction
orientation). A minimum spacing of 20 pm between each line is used.
After irradiation, the samples are polished in the cross section in order to
bring the irradiated lines at the surface of the glass for luminescence
measurements. As Eu>" is photoluminescent is in the visible range, it can
be observed in the irradiated area using an adapted excitation source
and an optical microscope in reflection mode.

The photoluminescence spectra are measured using an Olympus
BX51 microscope and a spectrophotometer QuantaMaster Horiba Jobin-
Yvon equipped with two fiber-connected laser sources, with centered
wavelengths of 375 and 454 nm. The excitation spectrum is recorded for
an emission at 615 nm. The excitation wavelength (Aex) of 375 nm is
used and focused on the sample using a 50x microscope objective
(MO50x), and the luminescence spectra are collected using a Hama-
matsu PM13456 photomultiplier tube. The laser spot size is estimated to
be around 10 pm in diameter at the focal point. All spectra measure-
ments are performed in the cross section of the irradiated glasses. The
decay curves of the Eu®* >Dy—"F, (615 nm) and °D;—’F; (542 nm)
transitions are recorded using the SSTD (Single Shot Transient Digitizer)
technique and a pulsed 454 nm fiber laser excitation at a frequency of
20 Hz for both glass matrix and irradiated area. The signal is collected
with a monochromator Jobin Yvon HR250 and the photomultiplier tube.
The emission cross sections 6ey(A) are then calculated from the fluo-
rescence lifetime measurements and the FWHM (full width at half
maximum) of the normalized luminescence transitions using the
Fiichtbauer-Ladenburg equation [22].

The optical absorption spectra are recorded using a Carry 5000
spectrometer in the Visible/Near Infrared wavelengths and a Fourier-
transform infrared spectroscopy (FTIR) Vertex 70 Bruker setup for the
infrared (IR) wavelengths. Absorbance spectra are measured on double
side optical polished bulk samples of 1 mm thickness. The absorption
coefficients a()), and absorption cross sections caps(A) are calculated
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from the recorded spectra.

Finally, high resolution Titan® G2 80-300 (FEI Thermo Fisher Sci-
entific) scanning transmission electron microscopy (STEM) at 200 kV is
used for nanoscale imaging and to determine the repartition of the Eu
atoms in the laser irradiated area. This experiment is made on a 100 nm
thickness sample slice prepared using a focus ion beam (FIB) Helios 660
scanning electron microscope (SEM) and selected in the laser writing
direction. Elemental analysis of Eu is performed using energy dispersive
x-ray spectroscopy (EDS).

3. Results and discussions

The absorption coefficients for the three doped glasses are presented
at Fig. 1(a), with the excitation spectrum of LNSBO.5Eu glass matrix in
inset image. The Eu®" absorption and emission energy diagrams con-
taining the observed transitions are respectively presented in Fig. 1(b)
and (c), adapted from Ref. [17]. The main absorption transitions from
the Eu®" are located near the bandgap at 357 nm (Eg = 3.48 eV) of the
LNSB host glass, making these transitions difficult to extract from the
absorption measurements.

The strongest transitions observed in Fig. 1(a) are attributed to the
absorption of Eu>* ground state "Fy to the excited levels °Lg (394 nm)
and 5D2 (465 nm). Two other transitions are observed at 400 and 415
nm, which respectively correspond to ’F1—°Lg and “F;—°Ds absorp-
tions. Two additional weak transitions are observed at 526 and 533 nm
corresponding respectively to "Fo—°D; and “F;—°D; (Fig. 1(b)). The
highest absorption coefficient is observed at 394 nm for the transition
7Fo—°Lg (o ~ 4.5 cm™ ). Finally, two other absorption transitions are
observed in the near IR region at 2.088 pm and 2.203 pm that corre-
spond respectively to the 7Fo—'Fg and "F1—"Fg splitting of the funda-
mental multiplet level [19]. The transitions below 390 nm cannot be
clearly attributed because the bandgap absorption is already dominating
from these wavelengths. Nevertheless, some transitions can be resolved
from the excitation spectrum (inset image Fig. 1(a)), as for example the
7F0—>5G3 transition at 380 nm. This transition is matching the wide
excitation spectrum of Eu?" corresponding to 4f’—4f® 5d! transition,
thus making an excitation at around 380 nm (375 nm for the laser used)
more suitable for simultaneous excitation compared to 394 nm, if Eu>*
reduction is happening upon fs laser irradiation. Indeed the excitation
spectrum for the Eu®" ions is reported in the literature and shows a large
absorption band between 250 and 400 nm [23,24]. The photo-
luminescent emission transitions observed under 375 nm excitation are
presented in Fig. 1(c). The six main emissions are observed at 542, 579,
591, 615, 650 and 700 nm and corresponds respectively to the transi-
tions °D;—’Fy, °Do—’Fo, °Dg—’F1, *Dg—’Fa, °Dy—'F3 and *Dy—"Fj.

Fig. 2(a) shows the variation of luminescence intensity between the
irradiated area at 1 pJ and the pristine (i.e., non-irradiated) glass matrix,
that is AIQ)) = [liradiated area()) - Iglass mawix(M)]. Each spectrum is
normalized with respect to its highest intensity peak at 615 nm preceding
the calculation of AI(A). The excitation wavelength is fixed at 375 nm,
with a delivered laser power set to 5 mW. The laser beam is focused at the
surface on the sample cross section containing the lines. It is worth
pointing out that even though the luminescence is increased at 542 nm,
the main transition at 615 nm is still the most intense from the full
spectrum. The Eu®" concentration is affecting the presence of photo-
reduced Eu®" on the luminescence spectrum. Indeed this phenomenon
was already observed in the literature, where lower Eu®* concentration
involves more photoreduction in proportion from 0.5 mol% Eu>" to 0.05
mol% Eu" in a sodium borate glass [21]. This explains why the signature
of Eu*" ions is more pronounced in LNSB0.5Eu compared to LNSB1Eu
and LNSB2Eu, with the production of a finite number of electrons trapped
in Eu>" sites during fs laser irradiation for a given energy.

By comparing the variation of the emission spectra presented at
Fig. 2(a), the main difference arises from the transition centered at 542
nm (5D1—>7F1). It worth mentioning here that the intensity of this
transition decreases when Eu®t concentration increases from 0.5 to 2
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Fig. 1. (a) Absorption coefficients a()) of the LNSB doped glasses (0.5, 1 and 2 mol% Eu®*). Inset image is the excitation spectrum of LNSBO.5Eu glass matrix (for an
emission at 615 nm). (b) Eu®* energy diagram with the observed absorption transitions. (c) Eu>* energy diagram with the observed emission transitions. Diagrams

are adapted from Ref. [17].
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Fig. 2. (a) Variation of emission intensities AI(\) between the irradiated areas made at 1 pJ and the glass matrices for the LNSB doped glasses (data are normalized at
615 nm) measured on the cross section. (b) Optical microscope image of the irradiated lines taken from the top surface of LNSB0.5Eu in reflection mode under non-
polarized 366 nm UV lamp illumination. Fixed laser parameters: 1030 nm, 800 fs, NA = 0.6, 200 kHz, 0° polarization, 10 pm/s and 300 pm inscription depth.

mol%. Overall, the spectra from the irradiated area and the glass matrix
have the same radiative emission transitions although with varying in-
tensities. The largest increase of luminescence intensity is observed on
the 5D1—>7F1 (542 nm) transition in the irradiated region, as shown in
Fig. 2(a). This trend is more pronounced in LNSB0.5Eu compared to
LNSB1Eu and LNSB2Eu irradiated samples, likely due to Eu®* concen-
tration quenching. Overall, the luminescence is enhanced for LNSB0.5Eu
excepted at 591 nm (5D0—>7F1) and 615 nm (5D0—>7F2) where the FWHM
are reduced. Fig. 2(b) shows the microscope image in reflection mode of
the LNSBO.5Eu irradiated sample illuminated with an UV lamp emitting
at 366 nm. This picture of the irradiated lines shows a red (°Dg—"F, at
615 nm) and yellow (5D0—>7F0 at 579 nm) luminescence throughout the
sample coming from the Eu®" ions. The variations of compositions
induced by elemental migrations during the irradiation are affecting the
luminescence intensities of Eu>*. These ions are dispersed throughout
the sample, both in the irradiated area and glass matrix. The contrast is
due to light scattering inside the laser tracks. Under natural light in
transmission mode, the irradiated areas would appear dark because of
their relatively large thicknesses and the significant light scattering.
Therefore, this observation methodology is more convenient to inves-
tigate the laser track morphologies in these specific experimental
conditions.

The luminescence from the irradiated lines made at 0° and 90° po-
larization conditions did not show noticeable difference on the spectrum,
and therefore no effect of the writing polarization seems to affect the
photoluminescence properties of Eu>" in the experimental conditions.
The variation of pulse energy slightly modifies the emission spectra, as
the only detected difference is a small increase of the intensity at 591 nm
with the pulse energy. However, this variation cannot be fully attributed
to the change in pulse energy because of the small size (typically between
2 and 10 pm) of the irradiated area for energies below 0.9 pJ, which
suppose that a fraction of the glass matrix is excited simultaneously (~ 10
pm laser spot diameter). Therefore, the impact of pulse energies on
luminescence properties cannot be reliably elucidated with this study.

A negligible quantity of Eu?" is also detected in the pristine. This is
attributed to the reduction of Eu®* during the glass synthesis, as it is
described in the literature in non-reducing atmosphere [25-27]. This
concentration of Eu?* can vary by controlling the environment during
the melting of the glass but it is always observed in both inert or
oxidizing atmosphere and is attributed to electron charge compensation
transfers between the host lattice and the RE>" ions.

Fig. 3 shows the results of the STEM analysis performed on an irra-
diated area at 1 pJ in LNSB1Eu. The presence of pseudo-lamellar
nanostructures is clearly visible on Fig. 3(a). The migration of Eu®*
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ions is observed using STEM/EDS mapping and reported in Fig. 3(b).
The presence of Eu®" clusters confirms the luminescence quenching
observed for LNSB1Eu and LNSB2Eu. The Eu®' is found in both
Si02-B,03 glass phase and LiNbOj crystals. Interestingly, a migration of
Eu®* ions is observed from the irradiated area towards the interface with
the pristine, characterized by an increase of Eu®" concentration at the
interface and a depletion of Eu®" in the irradiated area near the inter-
face. This elemental migration can be attributed to a higher temperature
in the center of the irradiated region, where the Eu®" ions are going
toward the coolest region (positive Soret effect), thus creating a shell-
like structure of Eu®" ions [28]. For completeness, the Eut concen-
tration at the center of the irradiated spot only show small fluctuations,
as sometimes the pristine glass phase remains in some local regions. The
partial crystallization makes it difficult to observe these variations at the
center of the irradiated area. In the experimental conditions provided,
only the migration at the edge of the crystallized area has been observed,
where we assume that Eu®* jons have the time to migrate toward the
coldest region during the irradiation.

Lifetime measurements perform on the emissions at 615 nm
(5D0—>7F2) and 542 nm (5D1—>7F1) are presented in Table 1, along with
absorption and emission cross sections. 6, is calculated using the re-
lations presented in the caption of Table 1. We assume constant
refractive indices of 1.94 for the glass matrices and 1.96 for the irradi-
ated areas at 633 nm [29].

The maximum absorption cross-section is measured at 394 nm for
LNSB2Eu, where 6,4ps = 1.56 x 1072° ¢cm?. The measured fluorescence
lifetimes at 542 and 615 nm are both lower in the irradiated area
compared to the glass matrix for the three glasses. The maximum lifetimes
are observed for LNSB0.5Eu at 615 nm, with measured values of 769.4 ps
for the glass matrix and 690.7 ps for the irradiated area (estimated
experimental error £0.1 ps). The calculated emission cross sections at
615 nm are higher in the irradiated areas, as the highest 6¢p, is recorded at
4.7 x 102! em? for LNSB2Eu. The emission cross section at 542 nm is also
higher of about 9% on average in the irradiated area compared to the glass
matrix (maximum at 19.2 x 10720 cm? for LNSBO0.5Eu) and is decreasing
when the Eu®" concentration is increased from 0.5 to 2 mol%.

According to Ref. [21], photoreduction of Eu®" induced by fs laser
irradiation is observed on the photoluminescence spectrum when
enough laser power and exposure time are used for Eu®>* concentrations
between 0.05 and 0.5 mol%, but it is not inducing crystallization at the
focal point in the sodium borate glass matrix. Photoreduction interac-
tion comes from the electron plasma formed in the irradiated glass but
the phenomenon does not appear dominant in LNSB:Eu®" because of the
relatively high Eu®" concentrations used (from 0.5 to 2 mol%). Partial
energy transfers can take place from the broad Eu?" luminescence
because Eu®" excitation wavelength at 394 nm and 415 nm are
matching the Eu?" emission, but the maximum intensity of the 4f°

Pristine glass matrix |-
(unirradiated) —

Scanning
direction

Laser beam O

Laser
polarization

Eu migration at the interface
glass matrix / crystallized area
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5d'—4f” transition at around 430 nm is not affected by the reabsorption
phenomenon. The quantity of Eu>* ions induced by fs laser irradiation is
low for 1 and 2 mol% Eu®* concentrations. For these two glasses, the
photoluminescence variations of Eu*" ions have a similar shape at 430
nm for a given composition (Fig. 2(a)), confirming the proportion of
photoreduced Eu®" at the focal point is not significant compared to
lower Eu®" concentrations. Therefore it is challenging to ascribe
unambiguously any structural changes around the ion, which can be
influenced by the homogeneity of the photoreduction process [21]. The
amount of Eu?* formed during the synthesis appears negligible for the
three investigated glasses. No effect of the writing polarization orien-
tation is found neither on the luminescence spectrum or on the lifetime
values. The decrease of the °D;—’F; luminescence with the increase of
Eu®t concentration is attributed to luminescence quenching. The in-
crease of luminescence in the irradiated area can be likely attributed to a
combination of Eu®t from both SiO»-B;03 Eu®* glass phase and
LiNbO5:Eu®" nanocrystals, as this statement is confirmed by the obser-
vations made from STEM/EDS analysis.

Lifetime measurements suggest that the Eu>* ions are in different
chemical environments with respect to laser induced crystallization and
elemental migration. By comparing to the literature [30,31], the life-
times measurements of Eu>* performed on silica containing glasses
show higher values than LNSB:Eu®" doped samples synthetized in this
study. For instance, A. Herrmann et al. [30] have shown lifetimes of 2-3
ms for Eu®t at 612 nm (5D0—>7F2). These values are measured in boro-
silicate based glasses containing high concentration of silica (more than
74 mol.% of SiO,) and low alkali content (less than 16 mol.% Nas0)
compared to the LNSB which contains 13 mol.% of SiO3 and 33 mol.% of
Li2O. Therefore, structural differences as an increase of non-bridging
oxygen and a more ionic bonding character are expected surrounding
the Eu®* ions (SiO4, BO4 and BO3 groups), yielding to lower lifetime
values. They also show that the lifetime is independent from the doping
concentration in the commercial Duran glass (even when phase sepa-
ration is observed) but this phenomenon is not observed in LNSB:Eu®*
glasses, as the lifetimes are decreased when the Eu®" concentration is
increased up to 2 mol.%. This proves that the time resolved fluorescence
is strongly dependent of the glass composition, thus the local environ-
ment of the ions even in the same glass family (here, borosilicate based
glasses). They also demonstrate that Eu>* doped Duran glass shows two
lifetimes contributions at 612 nm when fitting the decay curve, corre-
sponding to two different environments but this aspect is not observed in
LNSB:Eu®" glasses. A. Sreenivasulu et al. have measured a lifetime of
0.47 ms for LiNbOg:Eu3Jr doped crystals [31], this value is lower than the
irradiated areas in LNSB:Eu>" doped glasses and can be explain by the
fact that they are partially crystallized with an inhomogeneous distri-
bution of Eu®* ions, as observed in Fig. 3(b).

As °Dy—Fs is an electric dipole transition, it is very sensitive to the

Glass matrix (irradiated)

LiNbO4:Eu’ nanocrystals
Si0,-B,05:Eu® glass phase

Eu’* cluster

Fig. 3. (a) STEM high angle annular dark field (HAADF) image of LNSB1Eu irradiated area made at 1 pJ in the laser propagation direction. (b) STEM/EDS mapping
of Eu®" in (a) region. Fixed laser parameters: 1030 nm, 800 fs, NA 0.6, 200 kHz, 0° polarization, 10 pm/s and 300 pm inscription depth.
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Table 1

Optical Materials: X 16 (2022) 100198

Absorption cross section 6,y of Eu>" ions, measured fluorescence lifetime 7,4 and emission cross section Gem at 615 and 542 nm for the LNSB:Eu®* doped glasses and
irradiated areas at 1 pJ. Fixed laser parameters: 1030 nm, 800 fs, NA = 0.6, 200 kHz, 0° polarization, 10 pm/s and 300 pm inscription depth.

Probed area and glass composition  G,ps” (1072° em?) at 394/400/

Trad at 615 nm (ps)

Gem at 615 nm (102! Trad at 542 nm (ps) Gem at 542 nm (1020

465 nm +0.1 cm?) +0.1 cm?)
Glass matrix LNSBO.5Eu 1.20/0.20/0.53 769.4 3.9 10.5 17.2
LNSB1Eu 1.33/0.21/0.58 768.1 3.8 11.7 15.0
LNSB2Eu 1.56/0.26/0.66 742.7 3.9 10.5 11.4
Irradiated area LNSBO.5Eu - 690.7 4.2 9.8 19.2
LNSB1Eu - 623.4 4.6 11.2 15.7
LNSB2Eu - 583.9 4.7 10.2 13.0
. . . a(d A(A)In (10 ¢ Nad . .
? o,ps is calculated using the relations: ogps(4) = %, a(d) = % and N = 100 ﬁ, where N is the number of Eu®*ions per cm®. A(A) the absorbance, e the

sample thickness, c the Eu®*concentration, N, the Avogadro constant, M the molar mass of Eu®*and d the densities of the glasses, i.e. experimental values of 3.55, 3.57

and 3.61 =+ 0.01 for respectively LNSBO.5Eu, LNSB1Eu and LNSB2Eu.

local environment of Eu®" ions. The relatively small differences in life-
time values are attributed to variation of the doping concentration, as
we assume the phonon energies of the three doped LNSB:Eu®" glasses to
be similar. The decrease of lifetimes when Eu®* concentration increases
confirms the significance of the doping rate. The increasing of Eu®*
concentration also increases the non-radiative transition probabilities
thus quenching the emissions (especially at 542 nm) and decreases their
respective lifetimes.

The increase of luminescence intensity at 591 nm (*Dg—’F; magnetic
dipole transition) for lower Eu®* concentrations shows that the ions are
in a more isotropic local environment for the 0.5 mol.% Eu®* doping
rate. Oppositely, the increase of Eu®* in LNSB:Eu®* glasses breaks the
symmetry surrounding the ions, thus leading to fluorescence quenching
at 591 nm from 0.5 to 2 mol.%.

4. Conclusion

Fabrication of femtosecond laser-induced nanocrystals in LNSB:Eu®*
glasses has been achieved. The nanostructures characterized by a
lamellar crystalline phase made of LiNbOjs (partially Eu®"-doped)
alternated with a SiO2-B203 (partially Eu3+—d0ped) glass phase can be
oriented depending on the fs laser polarization during irradiation.
Visible emission properties and elemental migration of Eu®' ions have
been determined into these oriented nanostructures induced by fs laser
irradiation, while the ability to write luminescent nanostructures has
been demonstrated. The irradiated area at 1 pJ is yielding to an
enhancement of the luminescence intensity at 542 nm compared to the
pristine glass, and the related lifetimes moderately decrease compared
to their respective glass matrices.
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