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Abstract: Laser emission in visible spectral regions has attracted much attention due to a wide vari-
ety of domains such as material processing in industry, fluorescence microscopy in research sci-
ence, wireless optical communication, holography, laser display. Recently, Pr'* activated fluoride
laser crystals have achieved watt-level continuous output in various visible spectral ranges for in-
stance, cyan CP;—"H,) , green (’P,—’H,) , orange CP,—’H,) , red CP,—’F,) as well as deep red
(°P,—’F,,). In this paper, various fluoride and oxide host crystals doped with Pr’* are used as the
research objects, and the spectral characteristics and laser output status of the current Pr'*-activated
laser crystals are systematically summarized. The effect of ESA (Excited state absorption) , MPR
(Multi-phonon relaxation) , CR(Cross-relaxation) process on Pr'* laser output is expected to further
provide valuable guidance and suggestions for the selection of laser gain medium. Finally, the exist-

ing problems in Pr’*-doped laser crystal materials are pointed out, and the follow-up research
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direction is prospected.

Key words: visible region laser crystal; Pr’* doped; excited state absorption; cross relaxation; multi-phonon relaxation
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Fig.1 The energy of the Pr'"4f'5d" configuration relative to the 2*E(°P,) level. The most probable radiative transitions are indi-
cated by the vertical arrows. (a) E(5d1)>2*E(°P,). (b)E(5d1)=2*EC°P)). (¢)E(5d1)<2*E(°P)).
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Tab. 1 CW laser output of various laser crystals doped with Pr’* in the visible region
P /mW P o/ mW P mW P/ mW
Crystals ~ Green emission Orange emission Red emission Deep red emission Reference
(3P|_>3H5) (3P0_'3H6) (3Po_>3Fz) (3P0_>3F3,4)
YLF 4200 3300 6 700 3030 [1,11-12,31]
LLF 52.7 34.5 52.7 50 [30]
BYF — 99 60 — [31-32]
KYF 121 97 268 — [33]
CaF, — — 22 — [34]
LaF, 15 20 23 80 [35]
ASL — 52 267 318 [36]
LMA — 2.9 16 63.7 [37-38]
YAP 37 — 27.4 490 [39-41]
SRA 36 114 1065 564 [42-43]
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Fig.2 The laser output performance of Pr'™ in green, or-

ange, red and deep red light under different matrix.
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Tab.2 CFD values of various laser crystals doped with

P the lowest 4f'5d" energy level position E

(Sdl)ijs-ﬂ]
negativity difference AE of various laser crystals

doped with Pr’*

the average bond length R, electro-

Crystals CFD/em™  E(5d1)/em™ R /nm  AE,
LaF, 8751 53 190 0.251 2.88
YF, 9915 53 190 0.236 2.76
CaF, 16 509 45 662 0.239 2.98
SrF, 15261 46 729 0.254 3.03
LLF 15 140 46 730 0.224 2.71
YLF 15262 46 585 0.230 2.76
YAG 26 654 34722 0.239 2.22
YAP 16 537 44 840 0.243 2.22
SRA 11 050 50554 0. 280 2.49
Lu,0, 30543 30 300 0.223 2.17
Y,0, 29732 32042 0.231 2.22
LMA 12 303 49277 0.276 2.34
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Fig.3 The energy of the lowest 4f°-4f'5d" transition and that
of the 2*E(°P,) (~45 000 cm™) in crystals
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Fig.4 The relative relationship between the position of the lowest 4f'5d' energy level of Pr’*

in different matrix environments and

the laser output power in green light(a), orange light(b), red light(c), deep red light(d) region.
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Tab.3 Doping concentration, maximum phonon energy, intrinsic radiation transition rate W,

cross relaxation rate W,

cg» non-

radiative rate Wy, experimental lifetime 7, radiation lifetime 7, of P, level in various laser crystals doped with Pr™
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