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Pure and Nd®*-doped NalLa(Mog W, 5), and Nala(MoO,), single crystals have been
grown by the Czochralski technique. Their laser characteristics have been defined and

analyzed.
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1. Introduction

Interest to the problems bound up with
the obtaining of tungstate and molybdate
crystals with "sheelite” structure and the
study of their properties is caused by the
fact that they are promising in the capacity
of active media which use the effect of
stimulated Raman scattering (SRS).

The group of such crystals includes not
only tungstates and molybdates of alkali
earth elements and lead for which laser gen-
eration and SRS conversion have been
achieved, but also tetragonal crystals of bi-
nary tungstates and molybdates MLn(WQ,),
and MLn(MoO,),, where M and Ln are alkali
metal and rare-earth elements, respectively.
These crystals are characterized by struc-
tural disorder: in their crystal lattice the
cations are statistically distributed in zig-
zag chains along the axis ¢, due to close
values of ionic radii of alkali and rare-earth
cations. Statistical cation distribution is ob-
served at Rion(M¥)/Rpp(LN3*) < 1.27,
whereas for R;,,(M*)/R;,,(Ln°*) > 1.32 the
distribution is ordered [1]. The internal vi-
brations of the anionic complex are sensi-
tive to the local surrounding, therefore in
the ordered structure there are observed
splitting of the vibration modes and rise of
the intensity of the RS lines. For the binary
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tungstates and molybdates the shift of the
frequency is ~920 em ! and ~890 em™1, re-
spectively [1].

MLn(WO,), and MLn(MoO,), crystals
doped with Ln3* (Nd3*, Tm3*, Yb3*, Erd%)
ions show spectroscopic and generation
characteristics promising for practical use
[2-7]. For such crystals widening of the
spectral lines of the activators is nonuni-
form [8]. This gives an advantage for diode
pumping. The generation efficiency at dif-
ferent types of pumping runs into 40 %.

For the first time the laser characteristics
of NaLa(MOO4)2:Nd3+ (NLMO) crystal at flash-
lamp pumping were reported in [9], however,
due to low thermophysical characteristics of
the crystal the obtained data did not attract
much attention. Nowadays interest to NLMO
doped with RE is explained by the prospects
of their use in diode-pumped Raman lasers in
which the active laser medium also functions
as the Raman converter [10]. This allows to
extend the spectral range of
NaLa(MoO,),:Nd3* laser due to the Raman
scattering, by obtaining additional generation
lines shifted with respect to the basic genera-
tion line of Nd3* (A = 1.06 um, the transition
and vp, = 8320 cm™!, corresponding to the
symmetric vibrational optical modes of the
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Table 1. Crystal growth conditions and concentrations of uncontrolled impurities

Crystal Atm. Dopant Cng» mass. % Growth conditions
dT/dz, °C/em| V, mm/h o, rot.”!
NalLa(MoO,), air NaNd(MoO,), 0.6 40-60 2-5 20-30
NaLa(Mog W, 50,4), N, NaNd(MoQO,), 0.3 50-70 2-5 15-30

Impurities, mass.%

NalLa(MoO,),
NaLa(Mog W, 50,),

Fe — 61074 Cu —

Fe — 7107% Cu — 11074 Al — 11074, Mg — 11074, W — 1.1073; Pb — 2.107*
11074 Al — 2:107%; Mg — 2-107%; Pb — 3-10°%

tetrahedral complex (MOO4)2‘. Efficient SRS
generation was obtained for NLMO crystal
possessing two SRS-active vibrational modes
888 and 320 cm! pumping with YAG:Nd3*
[11]. More than 50 % of the pumping power
were distributed into the Stokes and anti-
Stokes components. At flash-lamp pumping
of KLa(MoO4)2:Nd3+ and NLMO:Nd3* crystals
the authors of [12] obtained ~40 % genera-
tion efficiency of the first Stokes compo-
nent with a pulse duration of 1.2 — 2.5 ps.
These results make it possible to assume
that crystalline MLn(WO,), and MLn(MoO,)
matrices are promising nonlinear active
media for laser facilities working in the
near IR region. The use of
LaNa(Mo,_,W,0,), solid solution ecrystals
will allow to shift the Nd3* generation fre-
quency on the vibrational modes of both
(MOO4)2‘ and (WO4)2‘ cations.

The active elements of the Raman lasers
must possess high generation efficiency and
high damage threshold, since efficient gen-
eration of the Stokes components requires
higher pumping powers. Simultaneous laser
generation and efficient Raman conversion
can be achieved in the crystals with high
structure perfection (not containing impuri-
tiy phase inclusions, color centers, etc.).
This can hardly be realized for lead tung-
state and molybdate SRS crystals consisting
of several elements which charge state may
vary (Pb, W, Mo). Moreover, introduction of
the ions (Nd3*, Yb3*) necessitates the use of
co-activator ions, or realization of the mecha-
nism of excessive charge compensation of va-
cancy type. At doping with Nd3* and Yb3*
this may result in essential spread of the
frequencies and decrease of the intensity of
the RS lines. As a consequence, the efficiency
of radiation conversion will diminish.

In view of the above-said, it is of consid-
erable interest to grow the crystals possess-
ing high level of doping, as well as to study
their spectral, kinetic and laser charac-
teristics (generation efficiency and damage
threshold).
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2. Experimental

The starting material for the growth of
pure NLMO and doped LaNa(Mog W, 50,),
(NLMWO) crystals was prepared by the
method of solid phase synthesis using high-
purity La,O3, WO; and Na,CO5; as well as
analytically pure MoOj. The mixture of the
initial components taken in the stoichiomet-
ric ratio was subjected to thermal treatment
in air at 750°C during 5 h. The resulting
compound was formed according to the reac-
tion:

N32CO3 + L3203 + 4MOO3 —>

(1)
— 2LaNa(MoO,), + CO,T.

The crystals were grown onto a seed
oriented along the direction [001] by the
Czochralski method using the automated
setup "Analog” with crystal weight con-
trol. The growth process was realized in
platinum crucibles with a wvolume of
200 cm3. The growth parameters for all
the crystals were the following: the pull-
ing rate equaled 1 — 38 mm/h, the rotation
rate was 15— 30 min~l, the temperature
gradient being 40 — 70 deg./cm. Nd3* dop-
ing was carried out by means of
NaNd(MoO,), compound. The crystals had a
diameter up to 35 mm and a length up to
60 mm. All the grown samples did not con-
tain impurity phases and macro-inclusions
(bubbles, cracks, etc.).

Pure and doped NLMO crystals grown in
nitrogen atmosphere were practically black,
with a very low transmission in the visible
and near-IR regions. Such a color seems to
be caused by the formation of color centers
bound up with the reduction of molybdenum
to "+5". Analogous results were obtained in
[13], at the growth of NLMO:Er,Ce crystals
in argon atmosphere. Therefore, we chose
oxygen-containing medium. Pure NLMO
crystals grown in this atmosphere had a
weak yellow color characteristic of most
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Fig. 1. Absorption (a) and luminescence (b) spectra of LaNa(MoO4)2:Nd3+ crystal.

molybdates. The neodymium
NLMO crystals were lilac.

The concentrations of uncontrolled impu-
rities in NLMO and NLMWO crystals is
shown in Table 1. As is seen, in both crys-
tals the total concentration of uncontrolled
impurities does not exceed 2:1073 mass. %.

The absorption spectra were studied in
190 — 1100 nm range using a two-beam
spectrophotometer of Perkin-Elmer type,
the luminescence spectra were obtained by
means of a MDP-204 monochromator. Lumi-
nescence decay in the studied samples was
measured by a tunneling laser based on LiF

crystal with the color centers Fj (A = 890 —

1050 nm) pumped by the second harmonic
of GGG:Nd3* laser (A = 531 nm).

The generation characteristics were
tested by means of a tuned alexandrite laser
Al,045:Be0:Cr3* with flash-lamp pumping,
and a pulse output energy up to 300 md.
Thereat, the generation pulse duration was
50 us, the pulse repetition frequency being
5—-10 Hz.

The damage threshold was measured
using a YAG:Nd3* laser (A= 1.06 pm,
TEM,, mode, 1 Hz pulse repetition fre-
quency, 10 ns pulse duration, the spot diame-
ter was 45 um, the Gaussian distribution of
the intensity. The samples with the dimen-
sions 10x10x10 mm3 were cut out from the
cylindrical part of the crystal and oriented
along all the crystallographic directions.

containing

3. Results and discussion

The crystalline structure of NLMO crys-
tals consist of a three-dimensional skeleton
formed by zigzag like chains of lanthanum
and sodium polyhedrons. The lanthanum
and sodium cations are coordinated by eight
oxygen atoms, for tungsten (molybdenum)
the quantity of these atoms is four. The
lanthanum and sodium polyhedrons are
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joined and form spirals around [001]. In
this crystalline structure the sodium and
lanthanum cations are statistically distrib-
uted in the chains. Since the difference be-
tween the ionic radii of La3* (1.06 A) and
Nd3* (0.99 A) is very small, Nd3* may be
also distributed in the chains.

The absorption and luminescence spectra
of NLMO:Nd3* and NLMWO:Nd3* crystals are
identical. In the region of A = 400 — 900 nm
the absorption spectra ( ) contain the
lines characteristic of the transitions f—f
of Nd3* ion. In the regions of 850 -
950 nm, 1040 - 1100 nm and 1320 -
1400 nm there is observed luminescence
corresponding to the radiative transitions
1b). These data coincide with the ones re-
ported in [14], where the scheme of the en-
ergy levels for the lowest terms of Nd3* ion
in NLMO is built.

For both NLMO:Nd3* and NLMWO:Nd3*
crystals the decay kinetics of the metastable
level 4F3/2 of Nd3* ion (A = 1065 nm) meas-
ured at room temperature is monoexponen-
tial, the decay times are 180 and 165 usec,
respectively (Fig. 2).

Alexandrite laser makes it possible to
simulate the regime of diode pumping with
rather high (5 — 10 Hz) pulse repetition fre-
quency, pumping pulse energy exceeding
the one of diode laser and wide (A = 710 —
775 nm) range wavelength tunnig. For
pumping of the investigated crystals the
wavelength of alexandrite laser was tuned
to A = 752 nm in accordance with one of the
maxima of Nd3* absorption spectrum in
NLMO and NLMWO crystals.

In the process of pumping by pulsed al-
exandrite laser we obtained generation of
Nd3* jons in NLMO crystal at 1.065 and
1.882 um wavelengths. The differential ef-
ficiency of laser generation at the funda-
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Fig. 2. Decay time of metastable 4F3/2 level
(A =1064 nm) in LaNa(W,zMo, ;0,),:Nd>*
and LaNa(MoO,),:Nd3* crystals.

mental wavelength 1.065 um run into 34 %
with respect to the absorbed pumping energy
(Fig. 3). NLMWO:Nd3* solid solution showed
19 % (i.e. approximately half as high) effi-
ciency of laser generation at A = 1.065 um
(Fig. 3). The generation thresholds for both
crystals had close values: 16.7 and 13.7 md,
respectively.

As is known, the radiation strength of
crystalline matrix is defined by its struec-
ture perfection, i.e. the presence of impu-
rity phases (which, as a rule, are located at
the block boundaries), inhomogeneity of the
crystal composition, the presence of activa-
tor centers and structure defects [15]. The
latter may sharply raise the absorption of
laser pulse energy, accumulation of me-
chanical stresses and, as a consequence, lead
to destruction of the material.

It is known [16] that some impurities
may essentially increase the radiation
strength of crystals. This is caused by dif-
ferent factors, in particular, formation of
electron capture centers which raises the
threshold of electron avalanche formation;
prevention of the formation of the defects
critical for optical breakdown; change of the
mechanical characteristiecs. Therefore, we
studied the influence of Nd3* on the damage
threshold of the binary tungstate,
molybdate and its solid solution (Table 2).
For comparison, this table contains the data
on the damage threshold of high-efficiency
SRS-crystals PbMoO4:Nd, PbWO,:Nd and
KGd(WO,),:Nd measured under the same
conditions; for these crystals simultaneous
laser generation and SRS conversion have
been obtained [17]. The concentration de-
pendence of the radiation strength of
NLMO:Nd and NLMWO:Nd crystals was not
studied.

As seen from Table 2, the maximum
value of optical breakdown (104 J/cm?2) is
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Fig. 3. Dependence of laser output energy
upon pumping energy for
LaNa(W, sMo, 50,),:Nd®** and LaNa(MoO,),:Nd>*
crystals.

Table 2. Damage threshold of
LaNa(W, ;Mo; ;0,4), and LaNa(MoQ,), crys-
tals

I, J/cm?

Pure Nd —

doped;

(wt.%)

NaLa(MoO,), 104 29; (0.6)
NalLa(Mo, 5W; 504), 42 51; (0.3)
KGd(WO,), 55; (0.98)
PbMoO, 58 90; (0.75)
PbWO, 10 52; (0.7)

observed in pure NLMO crystal, whereas the
Nd3* doping diminishes the radiation
strength to 29 J/cm2. For NLMWO solid so-
lution crystal the presence of neodymium
ions practically does not influence the ra-
diation strength. Its value is on the level
with the one for PbWO,Nd and
KGd(WO,),:Nd crystals.

4. Conclusions

The obtained generation efficiency and
radiation strength of NLMO:Nd crystal and
its solid solution are close to those of the
best representatives of SRS-crystals, such
as the "commercial” KGd(WO,),:Nd for which
the growth technology and activator concen-
tration are optimized, and PbMoO,:Nd [18].
Further investigations aimed at upgrading
the technology of the growth of these crys-
tals and optimization of the activator con-
centration will make it possible to improve
their functional characteristics and trigger
off practical application of dielectric single-
crystalline media in the facilities based on
the use of SRS.
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Jlazepni xapakrtepuctuku kpucraxie NaLa(MoO,),:Nd3*
ra NaLa(Moy sW,, 50,),:Nd3*

O.M.Illexos6yo06

MeTOﬂOM ‘-onpaﬂbcmcoro BUPOIIEHO

yneTi

ta axtumsoBami Nd3* wmomokpmeramn

Nala(Mo, s\, 5), Ta NaLa(MoO,),. BusraueHo Ta nmpoaHaisoBaHo iX JasepHi XxapaKTePUCTHKM.
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