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OCTAHEDRAL VANADIUM IN FLUORIDE PEROVSKITES 

Metal halide perovskites (and particularly fluorides) are known as good hosts for V2 + [4]. 
Lasing in the near IR has been reported below 200 K for CsCaF 3 :V2 + [5]. The simplicity of 
the  structure of ABF 3 perovskites (A = monovalent, B = divalent cation), based on BF 6-
octahedra sharing corners in all directions should allow for a good fluorescence-structure 
relation. A graph of λ e,max vs cubic cell parameter, a, is given in Figure 1, and shows a 
reasonably linear correlation. The graph is based on crystals of ACaF 3 :V2 + (A = K, Rb, Cs) 
grown by the Bridgeman technique using graphite crucibles with vanadium liners, and data 
from [4]. For operation in the 1.3 µm region, the smaller perovskites based on CaF 2 are 
preferred. Unfortunately the host material is quite hygroscopic, and growth of single crystals 
of  good optical quality is difficult. Furthermore, the dopant is easily oxidized, and dopant 
level and homogeneity are difficult to control. 

OCTAHEDRAL NICKEL IN OXIDE SPINELS 

The spinel structure is a cubic structure with two equivalent octahedral sites and one 
tetrahedral site. Many spinels have the composition AB 2 O 4 , where the A and B cations can 
be  distributed over the two different sites according to their preference for octahedral or 
tetrahedral coordination. We have prepared a series of Ni2 + doped spinels, as polycrystalline 
ceramics, and a number as single crystals, and their compositions, lattice parameters and 
fluorescence characteristics are listed in Table II. The observed NIR fluorescence peak varies 
from 1.20 µm to 1.46 µm, and the full width at half maximum is on average 0.2 µm. The 
fluorescence lifetime at 295 K of Ni2 + in spinels is typically about 0.7-0.9 ms. 

A plot of the cell parameter versus the peak in the fluorescence spectrum (Figure 2) shows 
much less direct correlation than for the perovskites shown previously. However, some 
separate trends may be noticed. Replacement of the cation that preferentially occupies the 
octahedral site results in a fairly large incremental change in λe,max , as  illustrated  in  the  graph 
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by the Zn-containing spinels where λ e,max increases on going from Al to Ga, Ti and Sn as the 
ion with octahedral preference. Replacement of the cation that preferentially occupies the 
tetrahedral site results in a much more subtile change in λ e,max , as illustrated by the Ga-
spinels, where λ e,max only increases from 1.25 to 1.28 µm on changing the other ion from Li 
over Mg to Zn. Thus the fluorescence of octahedral Ni2 + in oxide spinels can be finely tuned 
by modification of the host lattice. 

The Ni2 +-doped spinels have a useful pump band located around 0.9-1.0 µm and comprise 
a  number of materials of potential interest. However, the materials are not congruently 
melting and have to be grown as single crystals by flux-growth techniques. The crystal growth 
of Ni2 +-doped LiGa 5 O 8 from PbO-B 2 O 3 based fluxes has been described, and its optical 
properties studied [6]. However, we noticed while growing crystals of a number of the doped 
materials listed above, that the luminescent properties of the crystals tended to vary slightly, 
and differ somewhat from the polycrystalline ceramic. Figure 3 shows the NIR luminescence 
spectra of three samples of LiGa 5 O 8 :Ni2 +. The polycrystalline ceramic has the smallest 
λe,max ,  the  sample  with  the  highest  λ e,max  is  from  the  batch  mentioned  previously  in  the 
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literature. EDX suggests that a certain amount of Pb is incorporated into the crystals, which 
may result in a slight expansion of the lattice. The exact lattice parameters of the individual 
batches of crystals has not been determined as yet. It seems, however, that care has to be taken 
in the flux crystallization process to obtain material with the same optical characteristics 
reproduceably. 

TETRAHEDRAL CHROMIUM IN VARIOUS OXIDE HOSTS 

Recently, interesting NIR lasing behavior has been observed in materials containing Cr4 + 
in  tetrahedral lattice sites, such as Mg 2 SiO 4 :Cr and Y 3 Al 5 O 12 :Cr/Ca [7,8]. A problem in 
preparing these materials is that chromium prefers to occupy an octahedral site as Cr3 + rather 
than a tetrahedral site when given the choice. This implies that either host materials without 
octahedral sites have to be used, or that Cr has to be induced to take a tetrahedral site by 
charge-compensation through codoping and materials preparation in oxidizing atmosphere. We 
have prepared a number of Cr4 + doped oxide materials whose structural and fluorescence 
characteristics are listed in Table III. As in other previously reported Cr4 +-doped oxides, the 
excited lifetimes are short, typically shorter than 5 µs at 295 K. 

Single crystal fibers of Cr4 +-doped Y 3 Al 5 O 12 (YAG) and Ca 2 Al 2 SiO 7 were grown by 
the Laser Heated Pedestal Growth (LHPG) method [9] (as small as 40 µm diameter). Large 
single crystal boules of  Y 2 SiO 5 :Cr (YOS)  were  grown  by  the  Czochralski  technique  [10]. 

Table III. Cr4 + in various host materials. 

Compound dopant Cell λ e , max range 
   (µm) (fwhm, µm) 

Mg 2 GeO 4 Cr ortho 1.19 1.13-1.31 
LiGaSiO 4 Cr trigon 1.23 1.14-1.34 
Y 2 SiO 5 Cr monocl 1.23 1.14-1.36 
Ca 2 Al 2 SiO 7 Cr tetrag 1.24 1.15-1.43 
Y 3 Al 5 O 12 Cr/Ca cubic 1.34 1.20-1.46 
Zn 2 SiO 4 Cr trigon 1.42 1.25-1.60 
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The latter appears to be an interesting material for potential operation in the 1.3 µm range, as 
the ambient temperature lasing wavelengths in Cr4 +-doped laser materials appears to be 
shifted   to longer wavelengths relative to the peak in the fluorescence spectrum. A 
disadvantage is that the material is quite anisotropic, showing pronounced dichroism. 

CONCLUSIONS 

A significant number of transition metal ion/crystalline host combinations exhibit NIR 
fluorescence around 1.3µm, and are of interest as potential alternatives for optical 
amplification in this wavelength region. The sensitivity of the luminiscence wavelength to 
changes in the host lattice allows optimization of the fluorescence characteristics for this 
purpose. For an evaluation of their performance in optical amplification, the preparation of 
small-core waveguides in the doped single crystal materials is necessary. Several useful 
techniques to this end are available, such as the use of light-ion implantation for local 
refractive index lowering. Recent interesting results with this technique on metal oxide single 
crystal materials include channel waveguides in YAG:Nd3 + [11] and cladding of LiNbO3 
single crystal fibers [12]. 
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