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Investigations were made of the spectroscopic and lasing properties of lanthanum neodymium magnesium
hexa-aluminate crystals. Continuous lasing was obtained for the first time in these crystals in the 1.06 i range

at room temperature.

PACS numbers: 42.55.Rz, 78.30.Gt

Investigations designed to search for neodymium la-
ser materials having a high activator concentration are
of considerable interest in quantum electronics since
the problem of miniaturizing solid-state lasers can be
solved to some extent by using these materials. Recent
investigations in this field have resulted in the develop-
ment of various stoichiometric neodymium crystals
such as neodymium pentaphosphate NdP,O,, and lithium
neodymium tetraphosphate LiNdP,O,,, which have
unique spectral, luminescence, and lasing characteris-
tics.

A major disadvantage of these active media is the
lack of acceptable technology for growing large single
crystals at present. We shall report the results of ex-
periments on the synthesis and growth of single crys-
tals and investigations of the lasing properties of lan-
thanum neodymium magnesium hexa-aluminate,

La,_ Nd, MgAl,O,,—a new laser material having an en-
hanced neodymium concentration. Unlike stoichiomet-
ric materials, this material can be obtained from the
melt using well-developed and controlled methods.

The compound LaMgAl,O,, is formed in an
La,0,-MgO-Al,Q, ternary system and melts congruent-
ly at 1970 °C (Ref. 1). Crystals of lanthanum magnesi-
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um hexa-aluminate doped with various rare-earth ele-
ments were obtained using the Verneuil method? and by
spontaneous crystallization in lining slag.®

We synthesized hexa-aluminates having the composi-
tions La,_ Nd Mg Al,,0,,(0<x<1). Single crystals were
grown using the directional crystallization method and
a technique described in Ref, 4. Large single crystals
up to 14 mm in diameter and up to 50 mm long of satis-
factory optical quality were obtained. A quantitative
analysis showed that the crystal composition agreed
with the composition of the initial charge and that neo-
dymium replaced lanthanum isomorphically.

Even in the first experiments lanthanum neodymium
magnesium hexa-aluminate crystals showed unique
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FIG. 1. Concentration dependence of the reduced lifetime of
the *F,;, Nd* metastable level in various laser crystals.
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FIG. 2. Luminescence spectrum of neodymium in lanthanum
neodymium magnesium hexa-aluminate corresponding to the
4Fy,= 41} 1 transition at 300 K,

spectral and lasing characteristics. Figure 1 shows
dependences of the reduced lifetime of the *F;,, meta-
stable state of hexa-aluminate and various known laser
crystals on the neodymium -concentration. It can be
seen that the value of 7/, for LaMgAl,,0,, varies neg-
ligibly in the range of neodymium concentrations of
practical interest, 10°~10* cm™. In this sense, hexa-
aluminate is inferior only to stoichiometric neodymium
crystals. These results show good agreement with the
data on the structure of hexa-aluminate. According to
Refs. 2 and 3, these crystals have a magnetoplumbite
PbFe,,0,, structure a feature of which is the appreci-
able Ln-Ln distance compared with other refractory
oxides. This is evidently responsible for the weaker
interionic interaction and helps to suppress concentra-
tion quenching of neodymium luminescence when this is
introduced into the matrix of lanthanum magnesium
hexa-aluminate.

Figure 2 shows the luminescence spectrum of
La, ;Nd, ,MgAl,,0,, crystals corresponding to the *F;,,
- 1,,,, transition at room temperature. The effective
eross section of the highest-intensity transition (A
=1,0547 u) determined from the results of spectral and
lasing measurements is, according to our measure-
ments, ¢=(3.510.3): 10"'° cm?, which is slightly lower
than the similar value for yttrium aluminum garnet and
slightly higher than that for stoichiometric neodymium
crystals (see Table I). The high value of ¢ is due to the
fairly high branching coefficient of the R, - Y, lasing
transition (8;,=0.28) and to the relatively narrow width
of the spectral line (Av =26 cm™), These properties of
lanthanum neodymium magnesium hexa-aluminate mean
that it can be used as an active medium for solid-state
lasers in the concentration range (1-2) x10* ecm™.
Disadvantages of these crystals include the perfect
cleavage which has meant that so far we have been un-
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TABLE I. Spectral and lasing parameters of lanthanum neo-
dymium magnesium hexa-aluminate (T =300 K).

Parameter | Lag (Nd, Mgal, O fLiNdP,O, )

11905 Parameter »LaoszdoizMgAl 0O, .|LiNdP,O,,

11719

N-10-21 cm-3 0.7 4,57

h = 0,580 u 34 —
T, usec 180 120 A=20.82 u 26 100
A, on 1.0547 1.047 | Thickness, mm 0.5 0.5
¢-101%, cm? 3,5 3.2 Passive loss 0.005 0.003
Av, cm™? 26 39  |factor, .
%, em™! :for! cm™?
A 6 12 |Py,, mW- 0.26 0.35
—0.5145 u e, 18 16

Note. The values of 1 correspond to the maximum absorption
coefficients in these spectral ranges.

able to obtain bulk active elements.

Lasing experiments were carried out using active ele-
ments in the form of plates 0.5 mm thick. The pump
source was a cw argon laser (A=0.5150 p). The pump
radiation was focused onto the active element in a hem-
ispherical resonator. The radius of curvature of the
spherical exit mirror was 10 mm and the transmission
at the lasing wavelength was 0.5%. The transmission of
the plane mirror did not exceed 0.1% at the lasing wave-
length and was 90% at the pump wavelength.

Continuous lasing was obtained at A =1.0547 u (the las-
ing parameters are shown in Table I). A comparison
between the lasing parameters of La, ;,Nd; ,MgAl,,0,,
and LiNdP,O,, crystals made under equivalent experi-
mental conditions shows that in this case, hexa-alumi-
nate has a certain advantage. In particular, the thresh-
old pump energies are 0.28 and 0.35 mW, respectively.
The efficiency of conversion of the pump energy to laser
radiation is also slightly higher for hexa-aluminate (7
=18 and 16%, respectively). These results indicate that
La,. . Nd_MgAl, ,0,, crystals are potentially useful for op-
tically pumped solid-state lasers.
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