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The study of two different methods to obtain Strontium Barium Niobate nanocrystals has been carried
out. Previously, Nd2O3 doped SrO–BaO–Nb2O5–B2O3 glasses were fabricated using the melt quenching
process. In the first method, a thermal treatment in an electrical furnace at 620 �C was used to obtain
glass ceramic samples. In the second one, the nanocrystals were obtained under continuous Ar laser irra-
diation in a localized zone in the glass sample. The X-ray diffraction patterns confirmed the formation of
SBN nanocrystals in both cases. The optical measurements indicate the incorporation of Nd3+ ions into the
nanocrystals which produces an increment of the luminescence intensity. Moreover, a calibration with
the temperature has been carried out for the ratio of the Nd3+ emissions. This result could let to control
the temperature of the laser irradiated zone.

� 2010 Elsevier B.V. All rights reserved.
1. Introduction

Glasses having high transparency, high chemical durability,
excellent thermal and electrical properties are key materials in
microelectronics, optics, and optical fiber technology. Micro-fabri-
cation of glass materials has found increasingly more applications
in optoelectronics, telecommunications, and photonic devices such
as optical gratings and waveguides, and laser irradiation to glass
has received considerable attention as a new tool of spatially se-
lected micro-fabrication [1–5].

The good electro-optical and non-linear optical properties of
Sr1�xBaxNb2O6 (SBN) make it a very interesting crystal for techno-
logical application like frequency doubling, optical parametric
oscillation and optical storage of information [6–9]. SBN is an
attractive material being widely considered very useful in diverse
device applications. It has been shown that by doping rare-earth
and alkali ions into SBN crystals, substantially enhanced electro-
optic and photorefractive coefficients can be obtained. For this
reason there is a big interest in fabricating high quality rare-
earth/alkali ions doped SBN [10]. Recently, SBN has been doped
with optically active ions to investigate their applications in the
field of photorefractive memories and self frequency converter
solid state laser materials [11–13].
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The aim of this work is the study of the formation of Nd3+-doped
SBN nanocrystals by two different ways. First, using the
conventional crystallization in an electric furnace and second,
inducing crystallization by laser irradiation. Optical measurements
are reported to compare both methods.
2. Experimental

The Nd2O3–SrO–BaO–Nb2O5–B2O3 glasses are prepared using
the melt quenching method with a composition of 5 Nd2O3,
11.25 SrO, 11.25 BaO, 22.5 Nb2O5, and 50 B2O3 in mol%. Commer-
cial powders of reagent grade are mixed and melted in a platinum
crucible for 1 h in an electric furnace at 1400 �C. The melt is poured
between two iron plates and the thickness of the sample is 0.7 mm.
The sample is polished to obtain a smooth and flat surface in both
faces, and this makes sure that the laser does not diverge when
irradiates the sample.

To obtain nanocrystals by conventional treatment, the sample is
heated at 620 �C for 2 h. Respect to obtain nanocrystals by laser
irradiation, a cw Ar-laser is used to devitrify a small area increasing
the laser power beam from 0.4 to 1.5 W. In order to reach the
smallest irradiated area, the laser beam is focused on the glass
sample with a convergent lens. Simultaneously to the desvitrifica-
tion process, it is measured the emission band of the 4F3/2 ?

4I9/2

transition at 880 nm. These measurements are carried out with
an Ocean-Optic High-Resolution Spectrometer.

The beam profile was measured, and a Gaussian profile with a
width at half height of 1.4 mm was obtained. The laser beam was
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focalized on the sample using a 100 mm focal lens. The diameter of
the focalized spot d1 is given by the formula:

d1 ¼
kf
pd2

ð1Þ

where k is the excitation wavelength, f the focal of the lens and d2

the diameter of the collimated pumping beam before the lens. A
mean diameter of about 11 lm is obtained for the pump spot on
the sample. Therefore, at the maximum power in this experiment,
1.5 W, it can be obtained an energy fluence of about 0.4 mW/cm2.

After this heating process, the emission spectra are obtained at
low power excitation in order to appreciate the changes produced
in the 4F5/2 ? 4I9/2 and 4F3/2 ?

4I9/2 transitions in the heat treated
sample and inside the irradiated area by laser irradiation.
3. Results and discussion

As it was mentioned previously, the bulk glass ceramics sam-
ples doped with Nd3+ ions have been obtained using an electric fur-
nace after a heat-treatment of 2 h at 620 �C. The formation on
nanocrystals into the glass matrix is based in two steps: a nucle-
ation process and crystal growth process. These samples have been
checked analyzing the XDR patterns (see Fig. 1). These results
shown that precursor glass pattern is completely amorphous with
no diffraction peaks of crystals. After the heat-treatment, several
broad peaks appeared, all of which are attributed to SBN crystalline
phase. From the obtained peak widths of XRD pattern, the crystal
size of SBN was estimated by using Sherrer’s equation [14]. The
average size of the precipitated SBN nanocrystals has been esti-
mated to be around 60 nm.

In other way, a local area of Strontium Barium Niobate glass
doped with Nd3+ has been irradiated using an Argon laser increas-
ing the laser power beam from 0.4 to 1.5 W. This zone is heated to
a high temperature which induces the nucleation and growth of
Nd3+ doped nanocrystals near to the focal point. The formation of
nanocrystals in this zone due to the laser action has been also con-
firmed by XDR measurements (see Fig. 1) and with a similar aver-
age size than those obtained under thermal treatment in a furnace
(around 60 nm). In other matrix has been demonstrated other crys-
tallization processes due to the irradiation with laser [15,16].

In the laser irradiation method the heating is due to the energy
absorbed by the matrix or/and the optically active ions. Respect to
the precursor glass matrix, it is very transparent in the range of the
Fig. 1. XRD patterns of the sample obtained by thermal treatment (a), by laser
irradiation (b) and the glass precursor (c).
multiline argon laser. Therefore, the irradiation energy is princi-
pally absorbed by Nd3+ ions, which have absorptions bands coinci-
dent with the output wavelengths of the laser. In this situation the
Nd3+ ions are excited from the ground state to upper levels, from
which relax non-radiatively to the 4F3/2 level. Therefore, the local
temperature rises in the focal point of the laser beam. In general,
under this process the temperature of Ar:Laser irradiated zone in
glass depends on the amount of Nd3+ ions, laser power, laser irra-
diation time, specific heat and thermal conductivity of the matrix.
This temperature results in higher local phonon density and in a
more efficient non-radiative decay of photoexcited Nd3+ ions and
in a more efficient heating. This process has been reported by other
authors in a different matrix doped with Er3+ ions under pulsed
femtosecond laser irradiation [17].

During the irradiation process, the emission bands of the
4F5/2 ?

4I9/2 and 4F3/2 ? 4I9/2 transitions have been measured in
order to determinate when the desvitrification is completed. The
spectra at low and high power excitation are given in Fig. 2. When
the sample is irradiated, the 4F3/2 level is populated giving to place
the 4F3/2 ?

4I9/2 transition, centered at 880 nm. As the laser power
pump increases, the intensity of this transition also increases.
Moreover, in the Fig. 2, it is shown a weak peak centered at
810 nm which corresponds to the 4F5/2 ?

4I9/2 transition. When
the pumping power increases, the ratio between these bands
changes due to the rise of temperature on the focalized zone,
allowing the 4F5/2 level to be thermally populated from 4F3/2. The
evolution of these intensities changes while the irradiated power
is increased as can be seen in the inset. Initially, the 810 nm peak
is clearly smaller than the 880 nm due to the low power excitation.
When the irradiation intensity increases, the emission band at
810 nm starts to growth faster than the 880 nm peak until they
reach the same intensity value at about 1200 mW. At 1300 mW,
there is a change in the slope which could be an indicative that
the structure of the sample has changed. At the end of this process,
it is obtained a desvitrificated zone of 300 lm. The size of this area
is longer than the focalized laser spot (about 11 lm), it could be ex-
plained due to the continuous regimen of the laser excitation
which produce a temperature gradient on the sample surface (from
the spot center to the border).

In order to check the temperature of the sample as a function of
the laser power, it is interesting to study the thermalization of the
Fig. 2. Emission fluorescence spectra obtained for a irradiated local area of an SBN
glass doped with 5% of Nd3+ using an Argon laser at low (400 mW – dashed line)
and high (1500 W – straight line) power excitation. Inset-integrated area of the two
intensity peaks obtained in the emission fluorescence spectra while increasing the
laser power beam until 1500 mW. The circle symbols correspond to the area at
880 nm, whereas the square symbols, to the 810 nm.



Fig. 3. Emission fluorescence spectra of the glass precursor inside an electric
furnace at 300 K (straight line) and 680 K (dashed line). The inset shows the
intensity ratio of the 810 nm (squares) and 880 nm (circles) emission bands as a
function of the temperature. The straight line is the fit to the equation, as explained
in the text.

Fig. 4. Emission fluorescence spectra obtained after exciting with an Argon laser
the glass ceramic sample (dashed line) and inside the irradiated area (straight line).

P. Haro-González et al. / Optical Materials 32 (2010) 1389–1392 1391
4F5/2 and 4F3/2 levels. An analysis based on a simple three-level sys-
tem comprised of the 4F5/2 (level 3), 4F3/2 (level 2) and 4I9/2 (level 1)
has been carried out. The ratio between the intensities of the areas
at 810 nm (4F5/2 ?

4I9/2) and 880 nm (4F3/2 ? 4I9/2) can be related
to the temperature T as:

I31

I21
¼ xR

31g3hm3

xR
21g2hm2

exp
�E32

KT

� �
ð2Þ

where K is the Boltzmann constant, E32 is the energy gap between
these two excited levels, g3, g2 are the degeneracies (2J + 1) of the
levels, x31

R and x21
R are the spontaneous emission rates of the

4F5/2 and 4F3/2 levels to the 4I9/2 level, respectively. This relation
was checked by recording the emission spectra at different temper-
atures from 300 to 720 K for the glass sample. Therefore, the sample
was introduced in a furnace in order to control its temperature. As
example, the emission intensity spectra at room temperature
(300 K) and at high temperature (680 K) are shown in Fig. 3. The in-
set gives the obtained result of the intensities ratio of both peaks
versus temperature. The ratio (I810/I880) increases with the temper-
ature as 4F5/2 level is populated. From the least-squares fit to Eq. (2),
the value of the energy gap between the two levels was found to be
953 cm�1 and the pre-exponential factor 4.4.

From the intensity ratio of these emission bands (I810/I880) and
the values obtained by calibrating these emissions with the sample
in an electric furnace, it can be estimated the temperature. At the
laser power of 1.3 W, where there is a change in the slope of the
emission intensities (see inset of Fig. 2), could be estimated a tem-
perature for the sample about 920 K. This result is in good agree-
ment with the obtained for the glass ceramic sample where the
temperature used for the thermal treatment is 900 K. This fact al-
lows concluding that the laser irradiation induced a phase transi-
tion on the sample where it has passed from a glassy to a
crystalline phase. Therefore, it is obtained the threshold for the
excitation power in this experimental setup at 1.3 W.

After the irradiation process, the emission spectrum is obtained
at low power excitation in order to appreciate the changes pro-
duced in the 4F3/2 ?

4I9/2 transition. As can be seen in Fig. 4, the
emission bands reveals sharp sub-band structure due Stark split-
ting which is generally obtained in a crystal host [18] and it is sim-
ilar to the spectrum obtained for the glass ceramics sample. This
result confirms that the Nd3+ ions have been incorporated into
the SNB nanocrystals after the irradiation process. However, the
spectrum of the glass sample shows a broad band without struc-
ture, which is characteristic of glassy phase (as can be seen in
Fig. 2). Therefore, the rest of Nd3+ ions which reside in the glassy
phase in the glass ceramic sample or in the irradiated area could
produce the difference in the spectra shown in Fig. 2.
4. Conclusions

A study of crystallization made by standard thermal treatment
and laser heating on a 5 mol% Nd3+ doped SBN glass has been car-
ried out. To obtain SBN nanocrystals, the precursor glass, fabricated
using the melt quenching method, was heating by standard ther-
mal treatment in an electric furnace at 620 �C or was irradiated un-
der continuous Ar laser from 0.4 to 1.5 W. The X-ray diffraction
patterns confirmed the formation of SBN nanocrystals in both
cases.

The optical measurements were carried out and indicated the
incorporation of Nd3+ ions into the nanocrystals which produces
an increment of the luminescence intensity. Moreover, it is shown
that analyzing the intensity ratio of the emissions at 810 and
880 nm is possible to estimate the temperature of the sample
during laser irradiation. This temperature control process could
let to obtain a localized zone in the sample with Nd3+ doped
nanocrystals.
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