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Abstract

Oxyfluoride glasses with a small amount of NiO are prepared using a conventional melt quenching technique, and the spatially selected

crystallization of LaF3 and CaF2 crystals is induced on the glass surface by irradiations of continuous wave lasers with a wavelength of

l ¼ 1064 or 1080 nm. Dots and lines including LaF3 crystals are patterned by heat-assisted (300 1C) laser irradiations (l ¼ 1064 nm) with

a power of P ¼ 1W and an irradiation time of 10 s for dots and a scanning speed of S ¼ 5mm/s for lines. Lines consisting of CaF2

crystals are also patterned in an ErF3-doped oxyfluoride glass by laser irradiations (l ¼ 1080 nm) with a power of P ¼ 1.7W and a

scanning speed of S ¼ 2 mm/s, and the incorporation of Er3+ ions into CaF2 crystals is confirmed from micro-photoluminescence

spectrum measurements. It is proposed that the lines patterned by laser irradiations in this study are consisted of the composite of LaF3

or CaF2 nanocrystals and SiO2-based oxide glassy phase. It is demonstrated that a combination of Ni2+-dopings and laser irradiations is

effective in spatially selected local crystallizations of fluorides in oxyfluoride glasses.

r 2008 Elsevier Inc. All rights reserved.
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1. Introduction

Fluoride glasses and crystals are desirable hosts for
optically active ions because of their transparencies in the
range from the near ultra-violet (UV) to the middle of
infrared (IR), low phonon energy, and large rare-earth ion
(RE3+) solubility. Generally, fluoride materials have,
however, drawbacks to chemical and thermal stabilities,
limiting in the use of optical devices. For this problem,
Wang and Ohwaki [1] gave a solution. That is, they
proposed oxyfluoride-based crystallized glasses (glass-
ceramics) consisting of fluoride nanocrystals. RE3+ ions
are incorporated into fluoride nanocrystals being em-
bedded in SiO2-based oxide glass matrices, and thus
oxyfluoride-based crystallized glasses can maintain good
chemical and thermal stabilities. After their first proposal,
numerous researches on the fabrication and optical
e front matter r 2008 Elsevier Inc. All rights reserved.
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properties of transparent RE3+-doped oxyfluoride-based
crystallized glasses have been reported so far [2–9].
Usually, crystallized glasses are fabricated using well-

controlled heat treatments in an electric furnace and desired
crystals are formed on the surface or in the interior of glass.
In this kind of heat treatment methods, it is generally
difficult to induce crystallization in spatially selected regions.
It is of interest and of important to develop crystallized
glasses, in which functional crystals are induced in a desired
part in a given glass matrix. Laser irradiation of glass has
been regarded as a process for spatially selected structural
modification and crystallization in glass, and recently,
various studies in laser-induced structural changes have
been carried out. The present authors’ group has developed
techniques of laser-induced crystallization in glass, i.e., rare-
earth or transition metal atom heat processing method,
and has succeeded in patterning crystal lines consisting of
nonlinear or ferroelectric crystals such as b-BaB2O4,
Ba2TiGe2O8, and LiNbO3 [10–16].
It is of particular interest to irradiate laser to oxyfluoride

glasses and to develop crystallized glasses consisting of
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fluoride crystals in a desired part, e.g., patterning of
fluoride crystal dots and lines in oxyfluoride glass matrices.
Such a patterning would induce other potentials for optical
device applications of oxyfluoride glasses with fluoride
nanocrystals. There has been, however, no report on the
spatially selected formation of fluoride crystals using direct
laser-induced crystallization techniques in oxyfluoride
glasses. In this study, we focus our attention on the
spatially selected synthesis of LaF3 and CaF2 nanocrystals
in oxyfluoride glasses by using a laser-induced crystal-
lization technique. We apply transition metal atom (Ni2+

ion) heat processing to NiO-doped oxyfluoride glasses
and demonstrate that it is possible to form LaF3 and Er3+-
doped CaF2 nanocrystals in a desired part on the glass
surface. Recently, Mekhlouf et al. [17] have reported the
local crystallization of LaF3 nanocrystals in an oxy-
fluoride glass using a combination technique of ultra-
violet laser (wavelength: 244 nm) irradiations and heat
treatments at temperatures below the glass transition
temperature.

2. Experimental

Various papers on the fabrication and optical properties
of transparent oxyfluoride-based crystallized glasses con-
sisting of LaF3 or CaF2 nanocrystals have been reported so
far [2–8]. Considering the previous papers [2–8], we used
the following glasses, i.e., 40SiO2–25Al2O3–20Na2O–
15LaF3–xNiO (mol%), x=0 and 3, glasses for the syn-
thesis of LaF3 nanocrystals, 43SiO2–22Al2O3–5CaO–
13NaF–17CaF2–xNiO, x=0 and 3, glasses for CaF2 nano-
crystals, and 43SiO2–22Al2O3–5CaO–13NaF–17CaF2–
3NiO–0.5ErF3 glass for Er3+-doped CaF2 nanocrystals,
in which NiO was added as an absorption heating source of
lasers.

The glasses were prepared using a conventional melt
quenching method. Commercial powders of raw materials
such as SiO2, Al2O3, Na2CO3, LaF3, CaF2, ErF3, and NiO
were mixed and melted in a platinum crucible with a lid at
1400 1C for 1 h or 1.5 h in air in an electric furnace. The
melts were poured onto an iron plate and pressed to a
thickness of �1.5mm with another iron plate. The glass
transition, Tg, and crystallization peak, Tp, temperatures
were determined using differential thermal analyses (DTA)
at a heating rate of 10 or 20K/min. Optical absorption
spectra were measured in the wavelength range of 250–
2000 nm using a spectrometer (SHIMADZU U-3120). The
glasses were heat-treated at various temperatures for 1 or
2 h in an electric furnace, and crystalline phases present
in the heat-treated samples were examined by X-ray
diffraction (XRD) analyses (Cu Ka radiation) at room
temperature.

The glasses were mechanically polished to a mirror finish
with CeO2 powders. Cw Nd:YAG lasers with l=1064 nm
or Yb:YVO4 fiber lasers with l=1080 nm were irradiated
onto the surface of the glass using an objective lens (20
magnification). The sample was put on the stage and
mechanically moved during laser irradiations to construct
crystal dots and lines. Crystal dots and lines were observed
with a confocal scanning laser microscope (OLYMPUS-
OLS 3000) and examined by micro-Raman scattering
spectrum measurements (Tokyo Instruments Co., Nano-
finder; Ar+ laser 488 nm) and XRD analyses. For the lines
patterned in Er3+-doped glasses, photoluminescence spec-
tra of Er3+ ions were measured.

3. Results and discussion

3.1. Formation and some properties of glasses

The XRD measurements for the melt-quenched samples
were carried out, and only halo patterns without any sharp
peaks were observed. In DTA patterns, all samples showed
endothermic peaks due to the glass transition. It is,
therefore, confirmed that all samples prepared in this
study are glass. The values of Tg and Tp estimated from
the DTA curves are summarized in Table 1. It is found that
all glasses show similar values of �Tg ¼ 570 1C irrespective
of LaF3 and CaF2 components. These results suggest that
the glass transition temperature of oxyfluoride glasses
based on SiO2–Al2O3–Na2O or CaO would be mainly
determined by the total amount of SiO2 and Al2O3. On the
other hand, it is found that crystallization behaviors
depend largely on the other components besides of SiO2

and Al2O3.
The optical absorption spectra at room temperature for

the glasses of 40SiO2–25Al2O3–20Na2O–15LaF3–xNiO
(mol%), x ¼ 0 and 3, are shown in Fig. 1 as examples.
The glasses without NiO and with 3NiO addition are
designated here as Glass A(LaF3) and Glass B(LaF3),
respectively. In Glass B(LaF3) with 3NiO addition, the
absorption band with a strong intensity at around 430 nm
and a broad band centered at round 850 nm are observed.
These peaks are typical for Ni2+ ions in glass [18–21]. It is
well known that the coordination of Ni2+ ions is very
sensitive to their ligand field environments, i.e., ionic-
bonded octahedral coordinations in acidic (low optical
basicity) glasses and covalent-bonded tetrahedral coordi-
nations in high basicity glasses [19], consequently giving the
change in the ratio of the amount of octahedral and
tetrahedral coordinated Ni2+ ions in glass [20]. The
spectrum shown in Fig. 1, however, suggests that Ni2+

ions in the glasses prepared in this study have mainly
octahedral coordination environments, because the peaks
at around 430 and 850 nm are typical for octahedral
coordinated Ni2+ ions in glass [21]. The optical absorption
coefficient at l ¼ 1064 nm for Glass B(LaF3) with 3NiO is
a ¼ 4.0 cm�1. Similar optical absorption spectra were
observed for the glasses of 43SiO2–22Al2O3–5CaO–
13NaF–17CaF2–xNiO, x ¼ 0 and 3. These glasses without
NiO and with 3NiO addition are designated here as Glass
C(CaF2) and Glass D(CaF2), respectively. The value of
a ¼ 5.1 cm�1 at l ¼ 1080 nm was obtained for Glass
D(CaF2) with 3NiO addition.
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Table 1

Chemical compositions, glass transition, Tg, and crystallization peak, Tp, temperatures of the glasses prepared in the present study

Sample Glass composition (mol) Tg (1C) Tp (1C)

Sample A(LaF3) 40SiO2–25Al2O3–20Na2O–15LaF3 567 –

Sample B(LaF3) 40SiO2–25Al2O3–20Na2O–15LaF3–3NiO 576 819

Sample C(CaF2) 43SiO2–22Al2O3–5CaO–13NaF–17CaF2 570 630

Sample D(CaF2) 43SiO2–22Al2O3–5CaO–13NaF–17CaF2–3NiO 573 617

Sample E(CaF2) 43SiO2–22Al2O3–5CaO–13NaF–17CaF2–3NiO–0.5ErF3 575 635
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Fig. 1. Optical absorption spectra at room temperature for Glass A(LaF3)

and Glass B(LaF3).
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Fig. 2. Powder XRD patterns at room temperature for the crystallized

samples of Glass A(LaF3). The insets are optical photographs for the

samples.
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3.2. Crystallization of LaF3 and CaF2 nanocrystals in an

electric furnace

Prior to the spatially selected crystallization of LaF3 or
CaF2 crystals on the glass surface by laser irradiations,
usual crystallization behaviors in an electric furnace were
examined. It is important to clarify the formation
temperature of LaF3 or CaF2 fluoride nanocrystals and
the crystallization temperature of the oxide glass part.

The powder XRD patterns for the crystallized samples in
Glass A(LaF3) without NiO addition are shown in Fig. 2.
It is seen that LaF3 crystals are formed in the sample heat-
treated at 670 1C. The average particle size of LaF3 crystals
was estimated to be around 68 nm from the peak width of
XRD pattern by using the Sherrer’s equation, keeping a
good transparency in the crystallized sample. In the sample
heat-treated at 827 1C, other crystalline phases (not
identified at this moment) are formed beside LaF3 crystals,
and the sample became opaque. It is considered that the
oxide glass part of SiO2–Al2O3–Na2O crystallizes in this
heat treatment. Here, we propose to call this crystallization
‘‘crystallization of host oxide glass’’.
The powder XRD patterns for the crystallized samples in
Glass B(LaF3) with 3NiO addition are shown in Fig. 3.
LaF3 crystals are formed in the samples obtained by heat
treatments at 620–658 1C, and the average particle size
of LaF3 crystals in these samples was estimated to be
16–24 nm from the peak width of XRD patterns. As shown
in Fig. 3, an unidentified crystalline phase (marked in the
closed circle) is formed together with LaF3 crystals.
Interestingly, this crystalline phase disappears almost in
the sample heat-treated at 700 1C, suggesting that it might
be a metastable crystalline phase.
The powder XRD patterns for the crystallized samples in

Glass D(CaF2) with 3NiO addition are shown in Fig. 4.
CaF2 crystals are formed in the samples obtained by
heat treatments at �610 1C, and the average particle
size of CaF2 crystals in these samples was estimated to
be 19–24 nm from the peak width of XRD patterns. It
should be pointed out that any other crystalline phases
except CaF2 were not detected in these heat treatment
temperatures.
The results shown in Figs. 3 and 4 clearly demonstrate

that LaF3 or CaF2 nanocrystals are formed as the initial
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Fig. 3. Powder XRD patterns at room temperature for the crystallized

samples of Glass B(LaF3). The closed circle (d) corresponds to an

unidentified phase.
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Fig. 4. Powder XRD patterns at room temperature for the crystallized

samples of Glass D(CaF2).
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Fig. 5. Scanning confocal laser micrographs for the samples obtained by

Nd:YAG laser irradiations with a laser power of P ¼ 1W and for 10 and

60 s in Glass B(LaF3).
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crystalline phase even in oxyfluoride glasses with a small
addition of 3NiO, as similar to oxyfluoride glasses with no
NiO additions reported so far [2–8]. In transparent oxy-
fluoride crystallized glasses, the effect of transition metal
oxides such as NiO on the nanocrystallization has not been
reported so far. It is important to clarify whether Ni2+ ions
are incorporated into LaF3 or CaF2 nanocrystals or not.
The ionic radii of La3+, Ca2+, and Ni2+ (octahedral) are
0.103, 0.100, and 0.069 nm, respectively [22]. That is, there
is a large difference in their ionic radii, suggesting that an
incorporation of Ni2+ ions into LaF3 or CaF2 nanocrystals
would be very small, even if occurred. This point will be
discussed again in the later section.

3.3. Crystallization of LaF3 crystals by laser irradiation

As stated in the above section, it was clarified that LaF3

nanocrystals are formed as the initial crystalline phase in
the crystallization of 3NiO-doped oxyfluoride glass. We
tried to pattern dots and lines consisting of LaF3 crystals
on the glass surface by irradiations of cw Nd:YAG laser
with l ¼ 1064 nm. In the laser irradiation experiments, a
heat-assisted method was applied, in which glass samples
were put on the sample stage heated at 300 1C during laser
irradiations. This temperature of 300 1C is far below from
the glass transition temperature of Tg ¼ 576 1C. Without
a heat-assisted method, it was impossible to induce the
crystallization of LaF3 in our oxyfluoride glass by our laser
irradiations. A heat-assisted method has also an effect in
the depression of sudden sample break due to thermal
shock during laser irradiations.
The confocal scanning laser micrographs for Glass

B(LaF3) obtained by Nd:YAG laser irradiations with a
power of P ¼ 1W and irradiation times of t ¼ 10 and 60 s
are shown in Fig. 5. The bumps are observed in both
samples, indicating that a structural change is induced by
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Fig. 7. Micro-Raman scattering spectra at room temperature for the dot

(Fig. 5; P ¼ 1W and t ¼ 10 s) and line (Fig. 6; P ¼ 1W and S ¼ 5 mm/s) in

Glass B(LaF3). The data for LaF3 powders commercially available,

sample without any laser irradiations, and the crystallized glass (heat

treatment at 660 1C for 1 h in an electric furnace) with LaF3 nanocrystals

are also shown.
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laser irradiations. The height, hmax, and diameter, d, of the
dots are hmax ¼ 5.8 mm and d ¼ 24.9 mm for the dot
obtained by laser irradiations of t ¼ 10 s and hmax ¼ 3.3 mm
and d ¼ 36.8 mm for the dot obtained by laser irradiations
of t ¼ 60 s. It is found that the height of dots decreases with
increasing laser irradiation time, and contrary, the dia-
meter increases with increasing laser irradiation time. The
confocal scanning laser micrograph for Glass B(LaF3)
obtained by laser irradiations with P ¼ 1W and a scanning
speed of S ¼ 5 mm/s is shown in Fig. 6. The structure
change with a width of 26.8 mm and a height of 3.8 mm is
observed, and it should be emphasized that the surface
morphology is smooth.

The micro-Raman scattering spectra at room tempera-
ture for the dot (Fig. 5; P ¼ 1W and t ¼ 10 s) and line
(Fig. 6; P ¼ 1W and S ¼ 5 mm/s) are shown in Fig. 7. The
Raman scattering spectra for LaF3 powders commercially
available, Glass B(LaF3) itself without any laser irradia-
tions, and the crystallized glass (obtained by a heat
treatment at 660 1C for 1 h in an electric furnace) with
LaF3 nanocrystals are also shown in Fig. 7. It is seen that
LaF3 crystals give a sharp peak at 380 cm�1 and such a
sharp peak does not exist in the glass sample. The Raman
scattering spectra for the dot and line show a peak at
380 cm�1 and are almost the same as to that for the
crystallized glass. It is, therefore, concluded that the dot
and line obtained by Nd:YAG laser irradiations include
LaF3 crystals. Glass B(LaF3), i.e, 40SiO2–25Al2O3–
20Na2O–15LaF3–3NiO, has the values of Tg ¼ 576 and
Tp ¼ 819 1C. As shown in Figs. 1 and 5, it is obvious that
LaF3 nanocrystals are formed initially by heat treatments
at temperatures above around 600 1C and then the host
oxide glass part starts to crystallize at temperatures above
around 700 1C. As only LaF3 crystals are detected in the
laser irradiated region, it would be concluded that the
temperature of the laser irradiated region would be around
600–670 1C, i.e., at least less than 700 1C. Furthermore, the
Raman scattering spectra shown in Fig. 7 for the dot and
P=1W, S=5μm/s
Heat stage: 300°C

h=3.8 μm

W=26.8 μm

W

h

Fig. 6. Scanning confocal laser micrograph for the sample obtained by

Nd:YAG laser irradiations with a laser power of P ¼ 1W and a scanning

speed of S ¼ 5mm/s in Glass B(LaF3).
line indicate the broad peaks being typical of the glassy
phase, and therefore, the dots and lines would be
composites consisting of the host oxide glass phase and
LaF3 crystals.

3.4. Crystallization of Er3+-doped CaF2 crystals by

laser irradiation

The laser-induced crystallization of CaF2 crystals was
also tried on the glass surface of Glass D(CaF2) by using a
Yb:YVO4 fiber laser with l ¼ 1080 nm. The polarized
optical photograph and confocal scanning micrograph for
the sample obtained by laser irradiations with a condition
of P ¼ 1.7W and S ¼ 2 mm/s are shown in Fig. 8. It is seen
that the lines with smooth surfaces are patterned on the
glass surface. The height and width of the lines are �1 and
�3 mm, respectively. The XRD pattern for the assemblage
(50 lines) of these lines is shown in Fig. 9, indicating the
formation of CaF2 crystals. From the half width of the
peak at the angle of 2y ¼ 471 corresponding to the (220)
plane, the particle size was estimated to be �15 nm. That is,
CaF2 nanocrystals are induced in the NiO-doped oxyfluor-
ide glass by laser irradiations.
The formation of CaF2 nanocrystals was confirmed

from XRD measurements in the transparent crystallized
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Fig. 8. Polarized optical micrograph for the lines obtained by Yb:YVO4

laser irradiations with a laser power of P ¼ 1.7W and a scanning speed of

S ¼ 2 mm/s in Glass D(CaF2). The inset is a scanning confocal laser

micrograph for the sample.
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glasses of 43SiO2–22Al2O3–5CaO–13NaF–17CaF2–3NiO–
0.5ErF3. This glass is designated here as Glass E(CaF2).
Laser irradiation experiments (P ¼ 1.7W and S ¼ 2 mm/s)
were also carried out for Glass E(CaF2), and lines with a
morphology similar to Glass D(CaF2) (Fig. 8) were
patterned successfully. Micro-photoluminescence spectra
at room temperature were measured for the line part (laser
irradiated part) and the glassy part (not laser irradiated
part), and the results are shown in Figs. 10 and 11.
The excitation wavelength was 488 nm. Clear emissions
corresponding to the f–f transition of 2H11/2-
4I15/2,

4S3/2-
4I15/2, and

4F9/2-
4I15/2 in Er3+ ions are observed

from the patterned lines. Furthermore, a Stark splitting
was confirmed in these peaks. On the other hand, in the
glass part, the intensity of emissions is extremely small or
negligible. These results clearly demonstrate that Er3+ ions
are incorporated into CaF2 crystals being present in the
lines patterned by laser irradiations. If Ni2+ ions are
incorporated into CaF2 nanocrystals, emission lights from
Er3+ ions would be absorbed by Ni2+ ions (Fig. 1). The
results shown in Figs. 10 and 11 suggest that the possibility
of the incorporation of Ni2+ ions into Er3+-doped CaF2

crystals would be extremely small. Bensalah et al. [23]
synthesized Er3+-doped CaF2 nanoparticles (�20 nm)
using a reverse micelle method and measured the photo-
luminescence spectra (the excitation is 355 nm) of Er3+

ions. The spectra shown in Figs. 10 and 11 for the
patterned lines with CaF2 nanocrystals are similar to
those reported by Bensalah et al. [23]. Furthermore, it is
reported that the relative intensity of the green emis-
sion (2H11/2-

4I15/2 and 4S3/2-
4I15/2) to the red emission

(4F9/2-
4I15/2) increases with the decrease in the concentra-

tion of Er3+ ions incorporated into a given crystal [23–25].
As shown in Figs. 10 and 11, the green emission is
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dominant in the lines with CaF2 nanocrystals patterned by
laser irradiations, suggesting that the amount of Er3+ ions
incorporated into CaF2 nanocrystals would be small. In the
present study, the precursor oxyfluoride glass, i.e, Glass
E(CaF2), contains the small concentration of 0.5ErF3, and
this would be one of the reasons for the dominant green
emission from the patterned line.

The present study demonstrates that it is possible to
pattern spatially selected LaF3 or CaF2, and Er3+-doped
CaF2 crystals on the surface of oxyfluoride glasses by
laser irradiations. This demonstration would lead to further
practical applications of oxyfluoride glasses such as fluoride-
based optical waveguides. Of course, optical functional
RE3+ ions must be incorporated into LaF3 or CaF2

nanocrystals in laser-induced crystal lines. Further studies
on the patterning of laser-induced fluoride crystals with other
RE3+ ions such as Nd3+, Tm3+, or Pr3+ and more detailed
fluorescence properties are now under considerations.

3.5. Formation mechanism of LaF3 and CaF2 nanocrystals

by laser irradiation

It is known that crystallization of glass proceeds through
two steps of nucleation and crystal growth. The tempera-
ture dependence of nucleation and crystal growth rates in
oxyfluoride glasses prepared in this study has not been
clarified at this moment. It is, however, considered that the
temperature dependence of nucleation and crystal growth
rates for LaF3 or CaF2 nanocrystals is largely different
from that for the host oxide glass part, because the strength
of La3+–F� or Ca2+–F� bond is weak compared with
cation–oxygen bonds such as Si4+–O2. This would be the
reason why transparent oxyfluoride glasses with LaF3 or
CaF2 nanocrystals have been fabricated easily through
simple heat treatments of glasses in an electric furnace and
the crystallization of the oxide glassy part occurs after the
crystallization of fluoride nanocrystals. The model for the
nucleation and crystal growth rates in oxyfluoride glasses is
shown schematically in Fig. 12.
Even in the crystallization of oxyfluoride glasses by laser

irradiations with conditions applied in this study, it is
considered that only fluoride LaF3 or CaF2 crystals are
formed. As indicated in Figs. 7–9, the glassy phase also
exists in the laser-irradiated region besides LaF3 or CaF2

nanocrystals. Since SiO2-based network structures in
oxyfluoride glasses are considered to be extremely tight,
oxide rich glassy phases based on SiO2-based networks
would remain in laser-irradiated regions without being
excluded from the regions. This situation is the same
as that in transparent oxyfluoride glasses consisting of
fluoride nanocrystals prepared through the crystallization
in an electric furnace. The lines patterned by laser
irradiations in this study are, therefore, considered to be
consisted of the composite of LaF3 or CaF2 nanocrystals
and SiO2-based oxide glassy phases as shown in Fig. 13
schematically.
In the technique applied in this study, irradiated lasers of

Nd:YAG laser with l ¼ 1064 nm or Yb:YVO4 fiber laser
with l ¼ 1080 nm are absorbed by Ni2+ ions in the glasses
through d–d transitions, and the absorbed energies are
transferred to thermal energies through a non-radiative
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Oxyfluoride base glass

Laser irradiated region
Fluoride nanocrystal

Oxyfluoride base glass

Laser irradiated region
Fluoride nanocrystal

Fig. 13. Schematic model for the laser irradiated region in oxyfluoride

glass. The line consists of the composite of fluoride nanocrystals and host

oxide glassy phase.
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relaxation process (electron–phonon couplings). And thus
the surroundings of Ni2+ ions are heated, consequently
inducing effective crystallizations in the glasses. This
technique has, therefore, a high potential for spatially
selected crystallizations in various types of glasses even in
oxyfluoride glasses as demonstrated in this study. In this
sense, it is also of interest to pattern fluoride crystals by
laser irradiations in oxyfluoride glasses containing a small
amount of oxides. In such glasses, patterning of lines
consisting of highly oriented fluoride crystals (not nano-
crystals) might be possible.

4. Conclusions

The oxyfluoride glasses such as 40SiO2–25Al2O3–
20Na2O–15LaF3–3NiO with a small amount of NiO were
prepared, and irradiations of cw lasers with l ¼ 1064 or
1080 nm were performed to induce the spatially selected
crystallization of LaF3 and CaF2 crystals on the glass
surface. The dots and lines consisting of LaF3 or CaF2

crystals were patterned successfully. The line patterning
with Er3+-doped CaF2 crystals was also confirmed from
micro-photoluminescence spectrum measurements, in
which clear fluorescence emissions typical of Er3+ ions
embedded in fluoride crystals were observed. It was
proposed that the lines patterned by laser irradiations in
this study are the composite of LaF3 or CaF2 nanocrystals
and SiO2-based oxide glassy phase. It was demonstrated
that a combination of Ni2+-dopings and laser irradiations
is effective in spatially selected local crystallizations of
fluorides in oxyfluoride glasses.
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