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Spectroscopic Properties and Judd-Ofelt Theory Analysis of
Abstract

Er** /Yb** Co-Doped Oxyfluoride Glass Ceramics
Xiao Shengchun Li Jingwen Zheng Tao

Sang Qi
(School of Science . Changchun University of Science and Technology . Changchun , Jilin 130022, China)
Using the oxyfluoride silicate glass ceramics co-doped Er’" /Yb’" ions, this paper tested fluorescence
spectroscopy. absorption spectroscopy. The up-conversion luminescence properties of the Er*" ion in the oxyfluoride

Key words

glass-ceramics were studied, with analysis on the spectra of samples with Judd-Ofelt theory, and the intensity
efficiency. The infrared to green or to red up conversion luminescence intensities for the glass-ceramics are evaluated

parameters are obtained, (2, = 4. 4756, (, = 1. 0059, Qs = 1. 2098. Radiative lifetimes of samples, transition
probabilities, and fluorescence branching ratio spectral parameters are concluded. The results show that the samples

OCIS codes

ceramics co-doped Er’* /Yb*' ions have high up-conversion efficiency, and it is one of fine materials for the

formed fluoride microcrystal by heat treatment, which lower phonon energy and greatly improve the up-conversion
production of micro-laser and three-dimensional display.
parameters
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to be nearly 2 to 3 times as high as that of aluminosilicate glasses. Judd-Ofelt theory show that theoxyfluoride glass-
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Fig. 1 Differential thermal analysis curve of Er*" /Yb*"
co-doped oxyfluoride glass ceramics
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Fig. 3 XRD spectroscopy of Er'" /Yb*" co-doped

oxyfluoride glass ceramics after heat treatment
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Fig. 4 Up-conversion luminescence in different

Er'" ion densities
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Table 1 Oscillator strength and spectral line intensity in transition from glass ground state to excitation state

Transition * 15, — Spectral ) i
) y /em ™! A/nm KQ) [k(Oda [, /1070 Sy /1077 fma/1078
(s',.LH]’ region /nm
—'T15, 1446~1582 6519 1534 21. 31885 0.720291 1.184233981 0.486369
-1 875~1040 10256 975 354. 3079 49.641313 51. 87430679
—'1,, 783~815 12516 799 3.46178 0.722233 0.6184845
—'Fy, 637~683 15361 651 4.97298 1.562883 1.090465322
—'S,) 539~557 18349 545 1. 0874 0. 487605 0. 284819003
—*Hyy ), 511~537 19231 520 13. 89948 6. 846420 3.815674716
—'F; 477~502 20492 488 3.0789 1.721978 0.90064138
—'F; 447~461 22173 451 1. 23837 0. 810903 0.391967461
—'Fy, 438~447 22573 443 0. 70987 0.481774 0.228744801
—*H,,, 403~413 24570 407 1. 32334 1. 064031 0.464144454
—>'Gyy)s 372~391 26455 378 15.77263 14. 702535 5.956463032
—*Gys 361~371 27397 365 3. 86401 3. 862996 1.511198494
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Table 2 Reduced matrix element and intensity parameter of Er'" ion.
Transition y— Uo7 (o} (oo’ Seal f Foo— £ /10
s> (S LD fa ful o
—"'1 6519 0.0195 0.1173 1.4299 1.177046 0.486369 1. 206660 0.020862511
-1 10256 0.0291 0. 0004 0.3969  0.584495 49. 641310  240.6571329
—'Tys 12516 0 0. 1856 0.0122 0. 235255 0.722233 0.023714832
—>'Fy 15361 0 0.5275 0.4612 1.560171 1.562883 7.35401 X107
—-'S,, 18349 0 0 0.2230 0.461877 0. 487605 6.61919X10°
—2Hyy,, 19231 0.7326 0.4222 0.0927  6.846483 6. 846420 3.95999X 1071
—'F 20492 0 0. 1467 0. 6280 1.734764 1.721978 1.63474X10°
—'F;) 22173 0 0 0.2237  0.559886 0. 810903 0. 006300967
—'Fy, 22573 0 0 0.1256  0.320028 0.481774 0.002616164
—*H,,, 24570 0 0.0157 0.2278 0.667987 1. 064031 0.015685092
—>1Gyy)s 26455 0. 897 0.5123 0.1172 11.531360 14.702530 1.005634833
—' Gy 27397 0 0.2436 0.1190  0.994379 3.862996 0. 82289603
0, (107%) 0,(107%) 0 (10°%) Orms (107°)
4. 4756 1. 0059 1.2098 15. 57417499
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Table 3 Spectroscopy parameter of the transition from glass excitation state to ground state

. :d md . —6 —
Trmsiton et (U@ o) e D D S0 A
(S",\LH]'—>(S,L)] 10-2 1020 f& fa Ara Ama
1504115 16 6519 0.02 0.12 1.46  1.97 0.72 1.20 0.49 80.33 32.59 112.992 1.00 8856.06
e —>*Tis)2 16 10256  0.03 0. 00 0.40  0.60 0.57 0.00 95.10  0.00 115.02 82.68
1115, 14 3609 0.02 0.11 1.04 1.46 0.95 0.56 0.41 11.56  8.36 17. 32 s094. 31
o115 16 12516  0.00 0.15 0.01 0.15 0.18 0.00 44.36  0.00 71.22 62,29 14040. 86
1115, 14 5768 0.00 0.01 0.64 0.78 0.48 0.00 25.29  0.00 35.51
11, 12 2159 0.00 0.71 0.00 0.21  0.00 1.57 2.20
1F—>1115/2 16 15361  0.00 0.57  0.47 1.13 1.62 0.00 603.37 0.00 786.70 76.70 1271.13
1115, 14 8635 0.01 0.16  0.09 0.31 0.28 0.00 33.21  0.00 4,22
411 12 5036 0.07 0.01 1.26  1.83 0.00 1.15 0.00 45.97  0.00 5.84
>4y 10 2867 0.10 0.01 0.01 0.45 16.40 0.19 7.84 2.50 101.65 13.24
1Sy —>"1115/ 16 18353  0.00 0.00  0.23 0.28 0.47 0.00 251.41 0.00  400.50 62.78 2496. 89
11150 14 11852 0.00 0.00  0.35 0.42 0.53 0.00 117.88  0.00 29. 43
111, 12 8243 0. 00 0.00  0.08 0.10 0.10 0.00 10.90  0.00 2.72
>4y 10 6084  0.00 0.07  0.26 0.38 0.35 0.00 20.30  0.00 5.07
"Hop—>1115/2 16 19231 0.71 0.41 0.09 3.68 6.60 0.00 3846.94 0.00  7184.20 53.55 139.19
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(S",L)H] —>(S,L)] 10-20 10-20 S fa Ara A

=132 14 12646 0.00 0.00 0.00 0.00 0. 00 0. 00 0. 00
—>4T1 ) 12 9037 0.00 20.53 0.00 25.78 0.00 3319.62 46. 21
—41g, 10 6878 0.00 0.17 0.00 0.20 0. 00 14.72 0.20
—11g)s 10 4011 0.00 0.17 0.00 0.12 0. 00 2.92 0.04

YFro—>t1is2 16 20492 0. 00 0.15 0.63 0.91 1.73 0.00 1147.56 0.00 1212.19 94.67 824.95
—1T13/2 14 13812 0. 00 0.00 0.00 0. 00 0. 00 0. 00
-1y 12 10203 0. 00 0.00 0.00 0. 00 0. 00 0. 00
=11y 10 8044 0.00 0.37 0.00 0.50 0. 00 51.03 4.21
—4Fyq/s 10 5177 0.00 0.37 0.00 0.32 0. 00 13. 60 1.12

2Hy =152 16 24570 0. 00 0.08 0.17 0.28 0.65 0.00 620.00 0. 00 8037.62 7.71 124.41
—>1T13/2 14 18046 0.07 0.12 0.41 0.94 1.82 0.00 932.22 0. 00 11. 60
=112 12 14404 0.08 0.11 0.10 0.57 0.20 1.02 0.41 334.97 133.17 5.82
—41gs 10 12176 0.01 0.01 0. 00 0.04 8.68 0.08 17.62 18.03 4118.54 51.47
—1Fy), 10 9291 0.01 0.03 0. 06 0.15 8.68 0.20 13.44 27.62 1829.86 23.11
—2Hi 2 12 5409 0.00 0.67 0.00 0.50 0. 00 23.21 0.29
—1F7/2 8 4035 0.00 0.00 0.00 0.00 0. 00 0. 00 0. 00

'Gri2—>" 152 16 26455 0.92 0.53 0.12 4.78 11.81 0.00 13027.67 0.00 16645.67 78.26 60.08
—>1T132 14 19888 0. 10 0. 26 0. 26 1.03 0.00 2.18 0.00 1357.98 0.00 8.16
=111 12 16245 0. 00 0.49 0.01 0.51 0.26 1.04 0.58 432.43 243.38 4. 06
—11gs 10 14018 0. 06 0.01 0. 05 0.36 0.49 0.75 1.14 231.44 353.52 3.51
—4Fy )y 10 11133 0. 44 0. 39 0.01 2.39 0.49 3.97 0.91 775.72 177.09 5.72
—2Hi 2 12 7251 0.01 0. 16 0.11 0.32 0.26 0.29 0.26 24.00 21. 64 0.27
—"Hy,, 10 1842 0.00 0.49 0.00 0.15 0. 00 0. 80 0. 00
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