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1. Effective segregation coefficient of Dy3*
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FIG.S1 (a) and (b) The morphology of the powder sample used to characterize the elements
mapping; (c¢) The mapping of the elements in Dy, Tb:GSAG crystal.

2. Judd-Ofelt (J-O) calculation

The Judd-Ofelt (J-O) calculation is an effectively and widely used method to
evaluating the 4f configuration radiative transitions of rare-earth ions in crystals or
glasses[1-6]. In this work, the J-O calculation for Dy, Tb:GSAG crystal was conducted
on the basis of the measured absorption spectrum in the range of 400~1700 nm (exclude
the Tb3* absorption). The detailed J-O calculation procedure is similar to that reported

in our previous work. The square of the reduced matrix elements U® used for the J-O



calculation has been described by Carnall et al [7]. The J-O parameters, including

experimental line strength SexPU”’] ') and calculated line strength Scal(]”’] '), were
calculated and listed in Table S1. The relative square deviation R for the J-O calculation
was fitted to be 9.77%, which indicates the high reliability of the calculated values. The
intensity parameters Q (t=2, 4, 6) were fitted to be 2.12x10-2° cm?, 2.58%10-2° cm? and
2.46x102° cm?, respectively. According to these calculated intensity parameters, the

line strength of the electric-dipole transition S.4, magnetic-dipole transition S,

radiative transition rate AU =J), fluorescence branching ratio BU —=J) and radiative
lifetime 1., for the transitions of Dy3" from its *Fy, level to different lower levels were

calculated, as listed in Table S2.

Table S1 The calculated spectral parameters of Dy, Thb:GSAG crystal

Transitions from °H;s, A (nm) Sexp (1020 cm?) Scat (1020 ¢cm?)
Grip 428 0.0319 0.0382

Tisp 453 0.145 0.199

“Fop 475 0.0378 0.0903

F3) 751 0.115 0.150

Fs) 805 0.754 0.848

°F7/ 901 1.73 2.03
Fg/y+°H7)» 1095 2.02 3.07
F1,+%Ho)» 1280 3.27 4.83

Hyyp 1690 2.30 1,77

Relative square deviation: R=9.77%; Q,=2.12, Q,=2.58, Q=2.46

Table S2 The calculated fluorescence line strengths, branching ratios, radiative lifetimes,

and transition rates of Dy, Tb:GSAG crystal

41:‘ ZS+1L
T Aam) Sw(10®am?) Sp(100em?) A B(%)  Tue(ms)

transitions

Fy) 1490 0.000119 0 0.01807 0.00142

Fs) 1375 0.000644 0 0.1245 0.00976

Fs) 1239 0.0169 0 4.463 0.350

F7p 1052 0.0101 0.0200 4.339 1.03

°Hs,, 941 0.00451 0 2.718 0.213 0.784
Fy) 873 0.00479 0.0120 3.621 1.01

°H;), 856 0.0237 0.00692 19.05 1.94

Fy1/ 799 0.0138 0.0781 13.65 7.26

*Hyy, 762 0.0153 0.00449 17.34 1.77

*Hyyp 667 0.0331 0.0150 55.93 6.43



Hy3p 582 0.265 0 674.6 52.9
Hys) 490 0.0810 0 345.6 27.1
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Fig.S2 The room temperature photoluminescence spectra of Dy, Th:GSAG crystal with the
excitation of 450 nm and 355 nm, respectively.

4. Fig.S3
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Fig.S3 The absorption of Tbh3" at around 355 nm and 450 nm determined by measuring the
spectra of Th;Sc,Al;0p; (TSAG) crystal. The transmission spectrum (a) and excitation
spectrum (monitoring at 545 nm) (b) of TSAG crystal
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