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Abstract: The yellow lasers are of great importance as they have potential applications in the areas
such as medical aesthetics, atomic cooling and trapping, and radar. Dy’ is the best activating ion
for yellow lasers due to its ‘F,,—°H ., radiative transition, but its spin-forbidden transition in the vis-
ible wavelength leads to a small absorption and emission cross section, which causes difficulties in
yellow laser output. In this paper, Dy" : Sr,Gd(BO,),(abbreviation Dy’ : SGB), Dy*/Tb":SGB and
Dy”/Eu’: SGB crystals were successfully grown by the Czochralski method, and their spectral prop-
erties and energy transfer mechanisms were analyzed by room-temperature polarization absorption
spectra, emission spectra, fluorescence decay curves and Judd-Ofelt theoretical calculations. Tt is
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shown that the co-dopant of Th™" and Eu™ increases the emission cross section and fluorescence quantum
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efficiency of Dy in the yellow emission band, which is favorable to the yellow laser output of Dy™.

In addition, it is demonstrated that a mutual energy transfer process between Dy’ and Th* occurs in

Dy”*/Th™:SGB crystals and only Dy*—Eu™ in Dy*/Eu™:SGB crystals.
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Fig.1  Photos of as-grown Dy :SGB(a), Dy*/Th™:SGB(b) and Dy*/Eu’:SGB(¢) crystals.
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Fig.2  X-ray diffraction (XRD) pattern of Dy’ : SGB, Dy'/
Th**:SGB and Dy*/Eu’:SGB crystals.
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Tab. 1 Rare earth concentrations and partition coefficients in crystals
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29%Dy™: SGB Dy™: 2 2.13 1.02 1. 065
Dy™": 2 2.02 0. 967 0. 826
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Th™: 0.5 0. 375 0.178 0.75
Dy*: 2 1.726 0. 821 0. 863
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Tab.2 Main absorption wavelengths, experimental and calculated line strengths for absorption bands of crystals at room temper-

ature

Dy :SGB

Dy*/Th*:SGB Dy*/Eu’": SGB
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Anm S See S., S S.., S S.., See S., S e S.., S e
M+ P+ *G,, 3250 0.599 0.115 0.565  0.121  0.602 0.148 0.644 0.165 0.317 0.216 0.383 0.313
P+, 351 0.872 0.778 0.509 0.322 1.352 1.145 1.575 1.16 0.989 0.416 1.271 1.129
P+ ‘M, 365 0.18 0.191 0.15 0.188 0.413 0.25 0.406 0.277 0.702 0.333 0.597 0.507
Kt M, ,+ 1+ *F, 389 0.237 0.378 0.27 0.308 0.801 0.509 0.82 0.542 1.395 0.522 1.017 0.831
“Lis, 450 0.226 0.075 0.078 0.077 0.123 0.095 0.12 0.103 0.33 0.138 0.27 0.188
°F,, 799  0.591 0.335 0.287 0.358 0.707 0.43 0.926 0.483 1.374 0.644 1.412 0.949
°F., 890 0.755 0.89 1.028 0.821 1.057 1.182 1.331 1.295 1.343 1.433 2.032 2.244
°H,,+ °F,, 1082 1.541 1.572 0.91 1.121 1.977 2.179 1.882 2.309 1.209 1.837 3.166 3.272
°H,,+ °F,,, 1266 3.027 3.027 2.081 2.082 4.017 4.024 3.829 3.835 3.311 3.327 3.817 3.821
RMS/(107° cm?) 0.248 0.234 0. 287 0. 382 0.303 0.24

0,=1. 498 0,=1.252 0,=1.187 0,=1.529 0,=2.088 0,=1.033
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Tab. 3 Calculated spectral parameters of crystals for different polarizations

Dy*:SGB Dy*/Th”:SGB Dy*/Eu™:SGB
Transitions ~ _ w g “T g “ g
. A/nm
Fo,— Als™ Bl% Als™ Bl% Als™ B1% Al Bl% Als™ Bl% Als™ Bl%
°F,, 1371 0.091 0.015 0.036 0.007 0.134 0.018 0.136 0.018 0.046 0.005 0.129 0.012
°F,, 1293 0.055 0.009 0.058 0.011 0.07 0.009 0.079 0.0l 0.105 0.012 0.155 0.015
°F,, 1174 2.839  0.475 2.268 0.439 3.528 0.463 3.078 0.403 3.748 0.443  2.38 0.23
°F., 1012 11. 866 2 10. 447 2 13.415 1.8 13.625 1.8 11.812 1.4 15.104 1.5
°H,, 931 3.321  0.556 1.716  0.333  4.788 0.628 4.925 0.643 2.501 0.296 5.541 0.534
°H,,+ °F,, 762 46.041 7.7  34.739 6.7 57.548 7.6 58.496 7.6  43.985 5.2 66. 01 6.4
°H,, 757 14.273 2.4 11.927 2.3 17.485 2.3 17.404 2.3  16.839 2 20. 472 2
°H,,, 668 45.113 7.5 39.886 7.7  52.489 6.9 49.461 6.5 55.38 6.5  49.052 4.7
°H,,, 576 336.211 56.3 285.497 55.3 430.43 56.5 418.62 54.6 484.027 57.2 525.609 50.7
°H,, 485 137.836  23.1 129.507 25.1 182.249 23.9 200.25 26.1 227.069 26.9 352.627 34
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Fig.5 Polarized emission spectra of Dy’ : SGB, Dy™/Th™ :
SGB and Dy*/Eu’ : SGB crystals under 450 nm Xe-

non lamp pumped.
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crystals at 450 nm and 484 nm excitation respectively
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Fig.9 Simplified diagram of the energy transfer between Dy* and Th**, Eu® in SGB crystal.
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Tab. 4 Spectral parameters of some Dy**-doped crystals

Crystals o, /(107 cm?) Bl% 7/ms N/ % Ref.
Dy’ YAG 2.71 — 0. 486 — [40]
Dy /TH*: YAG 2.82 — 0. 448 —
Dy*:Gd,Ga,0,, 2.62 49.9 0.79 71.4 [41]
Dy**: CaYAILO, 2.8(m), 3.6 (o) 57.6 0.262 54 [42]
Dy’ :Sr,Y(BO,), 1.2(m), 1.0 (o) 54.86 0. 82 56.6 [43]
Dy™*: GdScO, 5.51 57.3 0.319 — [30]
Dy*, Th*: GdScO, 5.96 — 0.282 —
Dy**:Gd,Sc,ALO,, 3.07 53 0.586 77.2 [44]
Dy™,Th**: Gd,Sc,ALO,, 4.15 — 0.571 72.8 [45]
Dy’ :Sr,Gd(BO,), 1.8 (m), 1.67 (o) 55.3 1.037 58.03
Dy*/Th*:Sr,Gd(BO,), 2.35(mw), 2.19 (o) 55.23 0.951 72.76 AT A
Dy /Eu™:Sr,Gd(BO,), 2.46 (m), 2.25 (o) 52.9 0.92 85.74
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