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Abstract. The experimental results of applying crystal-chemical methods
aimed to improving the spectral-kinetic properties of active media based on
fluoride crystals with scheelite (LiY1-xLuF4) and colquiriite (LiCa1-xAlF6)
structures doped by rare-earth (Ce3+ and Pr3+) and Cr3+ ions are discussed.
The energetic and spectral characteristics of lasers based on the active media
are presented. The special attention is focused on the prospects of using these
lasers in the task of optosensorics, biomedicine, and security systems.

Fluoride crystalline active media allow realizing laser action in an unprecedentedly wide
range of wavelengths, ranging from medium IR to vacuum ultraviolet. This opportunity
appears due to the widest band gap of fluoride hosts among other known crystalline
compounds and a relatively narrow phonon spectrum [1]. The latter circumstance also
contributes to obtaining laser oscillations at transitions of impurity ions, which are difficult
to use in other materials because off intense nonradiative processes and the followed low
quantum yield. In addition, crystalline fluorides have good thermo-optical properties,
mechanical strength and radiation resistance, which allow to design powerful laser systems
with the M2 coefficient closing to unity under relatively simple technical solutions.

Fig. 1. Summary properties of solid-state lasers based on fluoride crystals with the structure of scheelite
(LiY1-xLuxF4) and colquiriite (LiCa1-xSrxAlF6), implemented at Kazan Federal University.
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Ultraviolet tunable laser radiation can be obtained either using 4f n-15d-4fn dipole-allowed
interconfiguration transitions of trivalent rare-earth ions (REI) in wide-band-gap crystals [2],
or by non-linear frequency conversion of the radiation of IR lasers operating on transitions
of iron group ions [3]. In the first case, radiation from other lasers is used for pumping, and
in the second, to do that can be successfully applied a radiation from lamps or laser diodes.
Efficient narrow-band laser action of the visible range is currently realized on 4f-4f
transitions of Pr3+, Sm3+, Tb3+, Dy3+, Ho3+ and Er3+ dopants in crystals pumped by InGaN
(GaN) laser diode radiation (DPSS lasers) [4].
The report provides an overview of many years of researches results conducted at the
Kazan Federal University, aimed to search for new solid-state active media of the UV, visible
and IR ranges. In particular, the experimental results of applying crystal-chemical methods
improving the spectral-kinetic properties of active media based on fluoride crystals with the
structure of scheelite (LiY1-xLuxF4) and colquiriite (LiCa1-xSrxAlF6) hosts doped by Ce3+, Pr3+
and Cr3+ are discussed. The output and spectral properties of lasers based on these crystals
are presented in Fig.1. The negative impact of the photodynamic processes induced by
pumping radiation into solid-state active media on laser properties is analyzed, and the
approaches minimizing their consequences are proposed. Particular attention is directed to
the prospects of using solid-state lasers based on the studied fluoride crystals for biomedicine
applications, optosensorics and security systems.
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