
Abstract. Lasing in Nd :NaLa(MoO4)2 crystals is obtained
without stabilisation of the diode pump wavelength. A
dependence of the cw laser output power (at a wavelength
of 1059 nm) on the pump diode temperature is found within a
range of 10 ë 45 8C. It is shown that the variations in the
diode temperature within this region change the lasing
eféciency no more than by 30%. In the passive Q-switching
regime, the experiments were performed under both pulsed
and cw pumping. Upon pulsed pumping, the laser energy was
16 lJ at the output pulse duration of 11 ns. The laser
wavelength was 1059 nm, as well as in the case of cw
operation. Upon cw pumping with a power of 1.5 W, laser
pulses were obtained with an energy of 15 lJ.

Keywords: Nd :NaLa(MoO4)2 crystals, cw or pulsed lasing, wave-
length temperature drift.

1. Introduction

Signiécant advances made recently in production of diode
lasers and laser arrays operating in the region of
l � 819 nm resulted in the creation of solid-state compact
lasers based on Nd-doped crystals (YAG, YAP, YLF, etc.).
These lasers are compact, have a simple design, and are
highly efécient due to a good overlap of the spectrum of
laser diodes (LDs) with the absorption band of Nd3� ions.
However, the narrow linewidth of Nd3� absorption in these
crystals in combination with a strong temperature depend-
ence of the LD emission spectra requires accurate thermal
stabilisation of the pump source (which can be achieved
using, for example, Peltier elements, which considerably

increases the size, design complexity, and energy con-
sumption of laser systems) and complicates the use of these
lasers under difécult climatic conditions (when the environ-
ment temperature varies over a wide range).

The possible ways to overcome these problems are
related either to simultaneous use of several LDs whose
wavelengths are shifted from each other by 1.5 ë 2 nm or to
the use of active crystals with a wide absorption band, which
are not so sensitive to the temperature drift of the pump
wavelength. One of these crystals is Nd3� : NaLa(MoO4)2
(Nd :NLM).

The érst papers on the spectroscopic and lasing char-
acteristics of Nd :NLM crystals under lamp pumping
appeared in 1960s [1 ë 3]. However, due to the comparatively
low thermomechanical parameters (thermal conductivity
2.3 W mÿ1Kÿ1, Mohs hardness � 4 [2]), they have found
no wide application in êashlamp-pumped lasers. The use of
diode pumping considerably reduces the thermal load on the
active element, as well as requirements to its thermome-
chanical characteristics. Our érst laser experiments on
Nd :NLM crystals with a Nd3� concentration of
3.8 at% performed using longitudinal diode pumping at
different wavelengths are described in [4]. Further studies of
the optical, spectral, and luminescent properties of
Nd :NLM crystals in order to optimise the neodymium
concentration and the active element conéguration, as well
as laser experiments in different regimes, are of practical
importance.

2. Structure of the crystal and its optical,
spectral, and luminescent properties

The Nd :NLM crystal has a scheelite (CaWO4)-type
structure (crystal lattice parameters a � 5:344

�
A, c �

11:730
�
A; space group C6

4h ÿ I41�a; density 4.8 g cmÿ3;
congruently melts at a temperature of 1140 8C [5]). The
molybdenum ions in this crystal lie in the centre of oxygen
tetrahedra. The Na� and La3� cations lie between the
tetrahedra along the fourth-order crystallographic axis and
are almost strictly statistically distributed over the crystallo-
graphic sites [6]. Thus, the Nd3� ions substituting the La3�

ions are affected by an inénitely large set of crystal éelds
with an inénitely small difference between each other.
Therefore, the absorption and luminescence lines of Nd3�

ions in these crystals demonstrate pronounced inhomoge-
neous broadening.

To perform spectroscopic investigations, determine the
optical constants, and fulél lasing experiments, we have
grown Nd :NLM crystals with neodymium concentrations
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CNd � 0:2, 2, and 3.8 at% by the Czochralski method. The
crystals were grown on a Kristall-2 setup from an iridium
crucible in the N2 atmosphere with O2 concentration of 1%
at a pulling rate of 0.7 mm hÿ1 (at the nominal stage). The
single-crystal seed was cut perpendicular to the fourth-order
axis. The concentration of Nd3� in the grown crystals was
determined by X-ray microprobe analysis to be almost the
same as in the charge, i.e., the distribution coefécient in this
case is almost exactly equal to unity.

Figure 1 presents the absorption spectra of a Nd :NLM
crystal with the concentration CNd � 0:2 at%, which are
measured at T � 300 K for the p and s polarisations. The
spectra correspond to the transition from the Stark sublevels
of the ground 4I9=2 state of Nd3� ions to the levels of the
4F5=2 and 2H9=2 states.

Figure 2 presents the dependence of the integral (effec-
tive) absorption coefécient of the Nd :NLM crystal
(CNd � 0:2 at%) at the diode pump wavelength on the
LD temperature. The measurements were performed for
unpolarised pumping. One can see that the absorption
coefécients above 5 cmÿ1 (the 5-mm-long active element
absorbs more than 80% of the incident radiation) are

achieved at the LD temperatures from 11 8C to 40 8C.
This means that the LD temperature can vary by �15 8³
and more without dramatic changes in the pumping
eféciency.

Under the same conditions, the active element with a
neodymium concentration of 3.8 at% absorbs more than
50% of pump radiation in a layer 1 mm thick. At the same
time, at a lower concentration of dopant, the pump
radiation is absorbed more uniformly over the active
element length, which considerably decreases the thermal
load on the crystal.

To determine the lifetime of the upper laser level 4F3=2 of
Nd3� ions and evaluate the effect of luminescence concen-
tration quenching, we studied the decay kinetics of lumi-
nescence from this level in the crystals. The luminescence
decay curves for the crystals with the dopant concentrations
2 and 3.8 at% are given in Fig. 3. According to our
measurements, the lifetime of the 4F3=2 level of Nd3� is
220 ms for CNd � 2 at% and 130 ms for CNd � 3:8 at%,
i.e., as the neodymium concentration increases by 1.9 times,
the lifetime of the upper laser level decreases by more than
90 ms (by 41%). At the higher concentration, the decay
kinetics noticeably differs from single exponential. All these
facts testify to the occurrence of concentration quenching in
Nd :NLM crystals with CNd � 3:8 at%, which considerably
decreases the quantum yield of luminescence from the 4F3=2

level. In [7], it was observed that an increase in the
neodymium concentration from 1% to 4% decreases the
êuorescence quantum yield of Nd :NLM crystals by two
times. In addition, all other conditions being the same, the
decrease in the upper laser level lifetime limits the pop-
ulation inversion, which increases the lasing threshold and
decreases the pulse energy in the case of the passive Q-
switching regime.

Thus, based on our investigations, we can conclude that
the crystal with the neodymium concentration 2 at% is
more promising for operation under longitudinal diode
pumping.

Despite the fact that the Nd :NLM crystal has been
studied for a long time, the literature contains very few data
on its optical characteristics.

To determine the refractive index dispersion in the
Nd :NLM crystal (CNd � 0:2 at%), we cut from it a prism
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Figure 1. Absorption spectra of a Nd :NLM crystal (CNd � 0:2 at%) in
the region of pump LD wavelengths for two orthogonal polarisations.
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Figure 2. Dependence of the integral (effective) absorption coefécient of
a Nd :NLM crystal (CNd � 0:2 at%) at the wavelength of an 1.5-W
AlGaAs LD on the LD temperature.
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Figure 3. Decay kinetics of the luminescence from the 4F3=2 level in
Nd :NLM single crystals with neodymium concentrations of 2 ( 1 ) and
3.8 at% ( 2 ) at a temperature of 300 K.
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with an angle of 258 between the polished faces. The optical
axis of the crystal was perpendicular to the prism base. The
ordinary (no) and extraordinary (ne) refractive indices of the
crystal were measured at wavelengths of the mercury lamp
spectrum using this prism and a GS-5 goniometer. The
dispersion dependences no(l) and ne(l) are shown in Fig. 4.
The investigations show that the dispersion in the visible
spectral region has a normal character and can be described
by the approximate Sellmeier relation

n 2�l� � 1� Sl 2

l 2 ÿ l 2
0

: (1)

The dependences obtained according to formula (1) in the
coordinates 1=l 2; 1=(n 2 ÿ 1) allowed us to determine the
constants A � 1=S and B � l 2

0 =S for the ordinary (A �
0:36;B � ÿ9:88� 10ÿ3 nm2) and extraordinary (A � 0:36;
B � ÿ9:56� 10ÿ3 nm2) waves. Using these constants and
assuming that the Sellmeier approximation is also valid for
longer wavelengths, we calculated the refractive indices for
the lasing wavelength 1059 nm to be no � 1:958 and
ne � 1:959:

3. Results of laser experiments

3.1 Cw regime

For laser experiments, we used crystals 3� 3� 5 mm in
size, whose faces were AR coated for wavelengths of 808
and 1064 nm. The crystals were pumped by an AlGaAs LD
with an output power of 1.5 W operating in the cw regime
and in the pulsed regime with a pulse repetition rate of
500 Hz. The pump radiation was delivered into the active
element through a êat highly reêecting cavity mirror and
was focused into a spot � 300 mm in diameter inside the
active crystal at a distance of � 1 mm from the input face.
The output mirror was spherical (radius of curvature
120 mm), which ensured the cavity stability. We studied the
laser characteristics as a function of the LD temperature.
For this purpose, we placed the diode on the Peltier element
and controlled its temperature using a thermistor. Changing
the current êowing through the Peltier element, we changed
the LD temperature from 10 to 45 8C. Figure 5 shows the
dependence of the laser output power in the case of the
output mirror transmittance of 5% on the temperature of
the pump LD operating in the cw regime. One can see that

the change in the LD temperature within the given range
changes the lasing eféciency no more than by 30%.

In the absence of selecting elements in the cavity, lasing
occurs at a wavelength of 1059 nm. Forming the orthogonal
polarisation of radiation in the cavity (by introducing in it
polarising elements), we obtained lasing at a wavelength of
1065 nm.

3.2 Passive Q-switching regime

In this work, we also experimentally studied passively Q-
switched operation of a Nd :NLM crystal with the
neodymium concentration 2 at%. We used a Cr4� : YAG
saturable absorber Q-switch with the initial transmission of
92%. The reêectance of the output mirror was 94.4%. The
experiments were performed using two (cw and pulsed)
pumping regimes.

We used pulsed pumping with a pulse repetition rate of
500 Hz, while the pump pulse duration (180 ms) was chosen
so that a single laser pulse was emitted at the end of the
pump pulse. We obtained a laser pulse with an energy of
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Figure 4. Dispersion of the no ( 1 ) and ne ( 2 ) refractive indices in
Nd :NLM single crystals in the visible region.
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Figure 5. Output power of a cw laser based on a Nd :NLM crystal
(CNd � 0:2 at%) at a wavelength of 1059 nm versus the pump diode
temperature.
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Figure 6. Pulse repetition rate of a passively Q-switched Nd :NLM laser
(CNd � 2 at.%) with a Cr4� : YAG Q switch as a function of the pump
diode temperature (at a wavelength of 1059 nm).
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16 mJ and a duration of 11 ns in a cavity 30 mm long.
Lasing occurred at a wavelength of 1059 nm, as well as in
the case of cw lasing.

In the case of cw pumping with a power of 1.5 W, we
obtained laser pulses with an energy of 11 mJ. The depend-
ence of the laser pulse repetition rate on the pump LD
temperature is shown in Fig. 6. It is seen that the difference
in the pulse repetition rate within the considered temper-
ature range is rather small, of about 36%.

4. Conclusions

The results obtained in this work allow us to conclude that
the disordered scheelite-like Nd :NaLa(MoO4)2 crystal is
rather promising for application in diode-pumped solid-
state lasers operating under conditions when it is difécult to
precisely stabilise the LD wavelength. In particular, this
crystal can be applied in devices used under éeld conditions,
when, on the one hand, there are signiécant climatic
temperature variations and, on the other hand, the energy
consumption is a key parameter due to the off-line supply.
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