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Abstract  Presently, the superintense and ultrafast laser technologies are developed towards all-solid-state, high-
repetition-rate and new wavelength bands. As one of the most important factors, the development of new laser gain
materials becomes more and more crucial. Rare-earth doped alkaline-earth fluoride laser crystals have high thermal
conductivities and broad spectral bandwidths, which are very promising in generation of all-solid-state high-repetition-rate
ultrafast lasers. In this work, the rare-earth cluster structure characteristics and the evolving processes and features are
briefly summarized. Focusing on the structural design, spectral regulation and laser applications, the framework of local
structure design for exploring new broadband ultrafast rare-earth doped alkaline-earth fluoride laser crystals is reviewed,
along with the recent advances. The development trends were also prospected.
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Fig. 7 Structure and spectral properties of Yb,Na:CaF,”*". (a) Local structures of Yb ions; (b)-(e) influence of Na* on the

transmission, absorption, emission, and decay curves of Yb:CaF,, respectively
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Table 2 Comparison of the CW laser performances of Tm* -doped laser crystal™' """

Crystal Output power /W CW efficiency /% Quantum efficiency
Tm:BYF 0.63 37.6 0.93
Tm:YAG 100 46. 3 1.20
Tm:YAP 315 63.8
Tm:YLF 70.8 70

Tm:LiGdF, 0.21 53.0 1.35
Tm:GSAO 3.89 53.4 1.31
Tm:LuYAG 3.70 54.6 1. 39
Tm:LLF 0.29 56.0 1.43
Tm, La:CaF, 4.27 67.8 1.64
Tm:SrF, 4.08 81.8 ~2.00
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. (a) CW; (b) tunable laser; (¢) (d) self Q-switched and Q-switched

mode locked lasers
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Table 3 Comparison of the CW laser performances of Er’ -doped laser crystal’

118,120-121,124-128]

Crystal Doping atomic fraction /% Output power /W CW efficiency /%
Er: YAG 50 1. 50
Er:LiYF, 15 1.10 35
Er:LiYF, 15 0.04 50
Er:Lu,O, 7 5. 90 27
Er: YSGG 38 1.84 11.2
Er: YSGG 35 34. 9% 13.7
Er: YAP 5 6.90 33
Er:YGG 10 1.38 35.4
Er:SrF, 3 1.06 41
Er:CaF, 1.7 2.32 21.2
Er:CaF, 0.3 0.14 21.4

Note: * means pulse laser.
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