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Spectral Properties of Tm: YAP Laser Crystal
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Abstract Tm: YAP crystals doped with 4 at.-% Tm®" ions have been obtained by the Czochralski technique.
Absorption and fluorescence spectra of the crystals have been measured at room temperature. The most intensive
absorption peaks occur around at wavelengths of 689. 5 nm and 795 nm, which are corresponding to the transitions
of Tm*t ions *Hs — *F; and * H;, — * H, , respectively. The absorption cross sections are 1.89X10™% e¢m? and
1.35X107% em? with full width of half maximum (FWHM) of 22.5 nm and 30 nm respectively. The strong
emission peak is centered at about 1. 89 um, the fluorescence lifetime is about 13. 90 ms, and emission cross section
is 1.58 X107 em?. According to Judd-Ofelt theory, the intensity parameters (2, (¢ = 2,4,6) of Tm*" ion have been
calculated as Q, = 1.4560X107% ecm?, @, = 2.0673X107% cm?, and (s = 0.3181X107% cm?.

results show that Tm: YAP crystal is a potential candidate for compact, efficient mid-infrared lasers at 2 ym output

Experimental

with laser diode (ILD) pumping.
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Fig.1 Energy level diagram of Tm*" ion in

YAP crystal
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Fig. 2 Absorption spectrum of Tm: YAP crystal
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Table 1 Main absorption peaks corresponding to the transitions of Tm** ion from the * H; ground state

Excited state Wavelength range /nm Peak wavelength /nm Gabs /(X1072 em?) P, /X107¢
P, 254 ~ 272 263 1.46 7.21
P, 272 ~ 280.5 276.5 1.07 2.59
5P, 280.5 ~ 294.5 287.5 1.24 3.98
1D, 345 ~ 375 360 1.18 2.93
1G, 446.5 ~ 490.5 468.5 0.62 1.48
’F, 662.5 ~ 671.5 667 0. 45 0. 20
SFs 671.5 ~ 728.5 689.5 1. 89 2.09
SH, 750~830 795 1.35 1.61
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Fig. 3 Fluorescence spectrum of Tm: YAP crystal
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Table 2 Calculated radiative transition rate, radiative

lifetime and integrate emission cross-section

Transitions A/nm Ay /s™! z/ms ¢/(X107* cm?)

P, 263 2908.35 0.34 7.09
P 276.5 946.95 1.06 2.55
4P, 287.5 1342.36 0.74 3.91
'D, 360 631.94 1.58 2. 89
1G, 468.5 187.87 5.32 1. 45
8F, 667 12.26 81.56 0.19
8F, 689.5 119.02 8.40 2.05
*H, 793 71.93 13.90 1.58
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