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Calculation of spectral parameters of Tm,Ho:GdScO; crystal
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Abstract: High quality single crystals of Tm,Ho:GdScO, were grown using the Czochralski method. The
transmittance spectra of (100), (010) and (001) planes of the crystal were measured at room temperature,
and the absorption coefficient and absorption cross-section of the crystal were calculated. The transition

intensity parameters @, for Tm* and Ho™ co-doped crystal were fitted using the product of dopant
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concentration N and absorption oscillator intensity f was fitted as a parameter, and the spectral parameters
such as spontaneous radiation transition probability, radiative lifetime and fluorescence branching ratio
were also calculated. The results show that, the Tm, Ho: GdScO, crystal has good luminescence
performance, and the calculated spectral parameters provide data reference for the study of its laser output

performance.
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Fig. 1  H,-annealed Tm,Ho:GdScO, crystal wafers
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Fig.2  Non-polarized transmission spectra of (100), (010) and (001) planes of Tm,Ho:GdScO, crystal
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Fig.3  Absorption spectra of (100), (010) and (001) planes of Tm,Ho:GdScO, crystal
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Table 1 The calculated and experimental oscillator intensity of Tm** and Ho** ions in Tm,Ho:GdScO, crystal

Ground State Terminal state J/nm NAS®/(10% cm™) ED NfE(10% em™) S

Tm*": *H, — °F, 1720.8 14.343 4.765 13.712 4.556
°H, 792.2 14.378 4.777 13.777 4.575
°F, + °F, 686.7 15.020 4.990 14.114 4.689

Ho’":°I, — L 1969.6 0.569 0.516 2.253 2.084
°F, 655.8 6.228 5.761 4.574 4.231
E, +°, 545.2 6.009 5.559 7.831 7245
°F, + °F, 475.0 8.608 7.963 5.039 4.661
°G, 457.0 31.325 28.977 31.315 28.968

Overlapped bands ZH‘S(TmH) 1202.8 4.111 - 8.519

I(Ho™")

Tm** \Ho'* & F7E GdScO, it /A 1 15 5 2 s Ul & 25 5, DL 5 7 JLAh s Ll M v (9 5 B 2 Bx) Ll e
2H7R.

FERUE - [ 40 A B A2 v, SR AT 60, 15 1 2 mh BB AR AR I A i 0eg, 250 /0 PR R WS 0 0, /S e 2S5
T P v RSO AT, T 2B FE UL R, 15 T2 Q, Q FAUA S (B LR o A7 2 Hh s it B SR
W, QWA 2 ML AL, H 32 2 MILIA AU D o AT 70 B 2840 A 45 SR AR R AR 1% 22 1H R=
15.43%. MR 1] DUE H, Tm (1 SE 50 4R 58 B AN U B4R 55 B A LB, T Ho® ™ IR JUIAE X 22 26, 31X 7] g
FEDA Tm? R 7 58 FE 5 Ho' i, — R BL A IS, Tm (1) Np(E 235 5 T Ho " 1. ik, 2208 Tm?* 3, {3056
Ho' ' B SEEEAT 0, 9, Q,~ QT 1545 5 4 (1.030£0.630)x 107, (0.170+1.148)x 107, (0.744+0.362)x 10> cm’,
1M R=16.82%, FIFF GO . Rk, 75 B — A A Ho " Il & iR Z 1R A .

— Ny QM8 5 S AREC AL R VAT SC, W b B 1R AL R AR R PR ARG, Q1B B Q AT 4f 5
S HUIE T E B A, Q/Q, NI B S Y. Tm,Ho:GdScO, f & #1 Tm* ] Q, {1 /N T Tm: YAP™ . Tm:
GdScO," iy A, X 3 B 7E [R] Sy 1E A W AR IR A5 B 25 44) i A o, Tm? 4% A7 1) JR SR AR AR B, Ho™ 148 A f81 45
T KA AR 1A BT e RN, QEARXTEUN, 2545 F Tm® BAA AR 40 5 SAFUEM E 77 .
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Table 2 The Judd-Ofelt intensity parameters of Tm*" and Ho*" ions in Tm,Ho:GdScO, compared with other crystals

Q™ /(107 cm’) Q1107 cm’)
Crystals Reference
Q, Q, Q Q,/9, Q, Q, Q4 Q,/Q,
Tm:YAG 0.70 1.200 0.500 2.40 - - - - [20]
Tm:YAP 1.46 2.070 0.320 6.47 - - - - [19]
Tm:LaAlO, 0.25 1.300 0.610 2.13 - - - - [21]
Tm:YVO, 1.94 0.158 0.396 0.40 - - - - [22]
Ho:YAG - - - - 0.040 2.670 1.890 1.41 [23]

Ho:YAP - - - - 0.200 3.600 1.700 2.12 [24]
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Continued
Q™' /(107 cm’) Q1107 cm’)
Crystals Reference
Q, Q, Q4 Q,/9Q, Q, Q, Q Q,/9
Ho:LaAlO, - - - - 5.362 1.862 1.065 1.75 [25]
Ho:YVO, - - - - 0.812 1.477 1.836 0.80 [26]
Tm,Ho,Tb:YVO, 4.800 0.700 2.000 0.350 4.920 1.330 1.400 0.95 [27]
Tm:GdScO, 1.554 0.892 0.622 1.434 - - - - [12]
Ho:GdScO, - - - - 4.190 3.010 0.930 3.24 [11]
Ho,Eu:GdScO, - - - - 4.949 5.395 2.075 2.60 [28]
1.362 0.850 0.154 5.519 0.955 0.367 0.574 0.639
Tm,Ho:GdScO, This work
The peaks of Tm*" were ignored 1.030 0.170 0.744 0.228
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AR b3 [R] I 0L & XUES 145 2 (1 & T2 4%, vl — 20545 tH Tm®™ \Ho™ B 1 1) H R 4R SR JUER A
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Fig. 4  Fluorescence decay curve of Tm,Ho:GdScO, powder and the fitting curve
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Table 3 Calculated spontaneous radiative transition probability, fluorescence branching ratios and radiative level lifetimes

in Tm,Ho: GdScO; crystal

Transition Z/nm App/s™ Ayp/s™ Als™ Agls” Bl% 7/ms
Tm®* F— *H, 1761.5 151.063 0 151.063 151.063 100 6.620
‘H,— °F, 4112.4 4.572 0.213 4.785 294.556 1.624 3.395
*H, 1233.3 184.206 105.565 289.771 - 98.376 -
*H,— *H, 2267.1 20.487 11.600 32.087 1158.248 2.770 0.863
°F, 1464.4 74.500 28.187 102.687 - 8.866 -
*H, 798.8 1023.474 0 1023.474 - 88.364 -
F,— °F, 15243.2 0.005 0.015 0.020 1337.13 0.001 0.748
*H, 3902.0 9.106 0 9.106 - 0.681 -
*H, 1434.0 207.977 0 207.977 - 15.554 -
°F, 1063.2 456.315 0 456.315 - 34.126 -
*H, 663.0 663.712 0 663.712 - 49.637 -
F— °H, 5244.5 2.490 0.324 2.814 2419.407 0.116 0.413
’H; 1582.9 213.804 0 213.804 - 8.837 -
°F, 1142.9 53.560 81.483 135.042 - 5.582 -
*H, 693.2 2067.747 0 2067.747 - 85.465 -
'G,—~ °F, 1669.6 11.347 0 11.347 1843.435 0.458 0.403
°F, 1504.8 41.746 4.455 46.201 - 1.864 -
°H, 1169.3 159.888 43.329 203.217 - 8.199 -
’H; 771.4 614.548 191.108 805.656 - 32.505 -
°F, 649.6 177.625 15.537 193.163 - 7.793 -
*H, 474.6 1218.95 0 1218.950 - 49.180 -
Ho* I— L 1984.7 40.604 38.494 79.098 79.098 100 12.643
T L 2853.5 9.835 21.591 31.426 140.293 22.400 7.128
§N 1170.6 108.867 0 108.867 - 77.600 -
F— I, 44428 0.0214 0.057 0.079 1348.312 0.006 0.809
L 2320.6 3.992 0.014 4.006 - 0.297 -
T, 1455.9 52.425 3.867 56.292 - 4.175 -
L 964.0 222.570 0 222.570 - 16.507 -
L, 648.9 1065.365 0 1065.365 - 79.015 -
F— °F, 32325 3.552 6.658 10.210 2967.231 0.344 0.337
I, 1871.1 13.489 0.086 13.575 - 0.458 -
I 1350.8 75.583 0.306 75.889 - 2.558 -
I, 1003.8 118.917 0 118.917 - 4.008 -
L 742.6 153.552 0 153.552 - 5.175 -
L, 540.4 2595.088 0 2595.088 - 87.458 -
S, °F, 3297.1 0.192 0 0.192 2032.896 0.009 0.492
I, 1892.6 26.263 0 26.263 - 1.292 -
L 1362.0 23.916 0 23.916 - 1.176 -
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Continued
Transition Z/nm Apgp/s™ Ayp/s™ Als™ Al s Bl% 7/ms
I, 1010.0 101.043 0 101.043 - 4.970 -
L 745.9 726.512 0 726.512 - 35.738 -
L 542.2 1154.970 0 1154.970 - 56.814 -
F— °F, 4862.3 0.880 3.535 4.416 3178.532 0.139 0.315
’S, 4723.1 0.039 0.344 0.383 - 0.012 -
°F 1941.6 11.464 0 11.464 - 0.361 -
I, 1351.2 80.347 0.055 80.402 - 2.530 -
I 1057.1 60.023 0 60.023 - 1.888 -
T 832.0 232.269 0 232.269 - 7.307 -
L 644.2 788.278 0 788.278 - 24.800 -
I 486.3 2001.297 0 2001.297 - 62.963 -
F,— °F, 3954.5 0.841 0 0.841 2666.263 0.032 0.375
’S, 3861.9 0.045 1.325 1.370 - 0.051 -
°F, 1778.6 15.515 0 15.515 - 0.582 -
I, 1270.1 47.775 0 47.775 - 1.791 -
I 1006.9 210.296 0 210.296 - 7.885 -
T, 800.6 335.046 0 335.046 - 12.562 -
L, 625.2 256.538 0 256.538 - 9.619 -
T, 475.4 1799.723 0 1799.723 - 67.478 -
G °F, 2818.9 6.770 0 6.770 12355.179 0.046 0.068
’S, 2771.6 2.115 0 2.115 - 0.014 -
°F, 1505.8 146.078 0.434 146.512 - 0.992 -
’l, 1124.6 0.302 0 0.302 - 0.002 -
’l 913.2 20.297 8.788 29.085 - 0.197 -
I, 740.2 120.659 128.418 249.077 - 1.687 -
L 587.7 1209.423 43.333 1252.757 - 8.485 -
T, 453.5 13078.302 0 13078.302 - 88.576 -
Gy °F, 6176.1 0.057 0 0.057 20501.425 0.001 0.154
°G, 5513.5 0.707 0.520 1.227 - 0.019 -
K(2), 3949.9 0.025 0 0.025 - 0.0004 -
°F, 3530.5 0.606 0 0.607 - 0.009 -
°F, 3026.1 3.773 0 3.773 - 0.058 -
°F, 1865.3 26.345 3.565 29.910 - 0.460 -
’S, 1844.4 2.957 0 2.957 - 0.046 -
°F 1182.8 124.713 249.016 373.728 - 5.752 -
’l, 934.1 17.686 6.105 23.792 - 0.366 -
I 783.5 71.452 150.334 221.786 - 3.414 -
T 652.6 527.443 40.853 568.297 - 8.747 -
L 531.1 3010.268 0 3010.268 - 46.333 -
I 419.0 2260.624 0 2260.624 - 34.795 -
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AT TR R R AE K H Tm,Ho:GdScO; 5 i, Wl & H % iR N AR R i e, +F 545 2] Tm® £ 793 nm
AL IR A 22 893 591 3.69 em ™' (a 171)43.33 em (b 1)) 5 4.54 cm™'(c A1), WSO T 73 591 1.23 x 10 em? (a [A])
L11 x10™ cm? (b 7))+ 1.51 x 10™em’ (¢ [A]), FIIE AL T 17 8 B AlGaAs = SR BOG AR S5 . LANS RIS B
&, FH a b SR IOERE, RS0 4& Tm* \Ho® " 7£ GdScO, f: f& 7 ] Judd-Ofelt [ & BKIT 58 E 25, Tm*" .
Ho’ ] @, oL £ 45 S 43 5 8 1.362 x 107°,0.850 x 10,0.154 x 10°,0.955 x 10%°,0.367 x 10,0.574 x 10
cm? Ho* " {145 Z2 15 Tm* M 67 J& 3 W AR MG BT Tt e AR Judd-Ofelt 58 S B A 45 R, it — B it H T H
RERITRIE LR SO L SR GT RE g . ikt Tm? X NFE STRRECR TG Ho™* (% 3 S 40U &7
Ao, 2% Tm 10, BTG Ho' OGS 24k, 45 RIOFREBIM BE . 1HE 4R R, W& IRE
A5 Tm™ Ho® MBI & 45 A FTIX G, — EFEE LR T Tm* " \Ho ' Z [AIfFAE M AR A 705 5
RO GYERERE T Bt T H EE DI EE, Ho' & 22 (1 SR RS 75 i3k — 2D T 5%
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