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Abstract; Judd-Ofelt (J-O)theory is the classical theory which is used to semiquantitative study 4 f energy levels
transitions’ s spectroscopic properties of rare-earth ions doped materials. Because many approximations and
assumptions were involved in standard J-O theory, there are some exceptional behaviors when it is used for special
earth ions such as Pr**. Pr*t-, Tm®" -doped fluorogallate glasses were fabricated and the absorption spectrum of
these glasses were studied. According to standard and modified Judd-Oflet theories, the different J-O intensity
parameters (2, and oscillator strengths of those glasses have been calculated. The results show the “hypersensitive
transitions” play the important role in exceptional behaviors of J-O theory calculation. When the corresponding odd
reduced matrix element of “hypersensitive transitions” is added, the (2, of Pr*" in fluorogallate glass obtained from
modified J-O theory are more reliable than other approaches; for the experimental oscillator strengths of Tm*" , there
is also a better fit by the modified J-O theory than other calculated ones.
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Table 1 Glass compositions

Mole fraction of glass component /%

Sample
GaF; InF; CdF, ZnF, SnF, PbF; PrF; TmF;
1. 0Pr-GICZPS 20 15 20 15 10 19 1 0
2. 0Pr-GICZPS 20 15 20 15 10 18 2 0
1. 0Tm-GICZPS 20 15 20 15 10 19 0 1
2. 0Tm-GICZPS 20 15 20 15 10 18 0 2
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Fig. 1 Optical absorption spectra in 2Pr-GICZPS glass. (a) 400~650 nm, (b) 1300~2300 nm
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Fig. 2 Optical absorption spectra in 2Tm-GICZPS glass. (a) 330~820 nm, (b) 1000~2000 nm
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# 2 Pr-GICZPS BB E-WIE/RFFEESE (107 cm®)
Table 2 Judd-Ofelt intensity parameters (in units of 1072 cm?) of Pr-GICZPS glasses
Judd-Ofelt Standard Standard Judd-Ofelt Modified Judd-Ofelt Modified Judd-Ofelt Modified
Sample intensity Judd-Ofelt  Equation (1) without Equation (4) with  Equation (4) with  Judd-Ofelt
parameters Equation(1) $H,—3P, transition A=1,2,3,4,5,6 A=2,3,4,5,6 Equation(5)
Q, —1.70 —0.73 —7.6 3.07 1. 67
Q4 10. 65 9.51 6.3 5.39 10.01
L OP-GICZPS (02 7.95 8.01 26.8 7.46 11. 89
h - — —4490.7 — —
Qs - — 158.0 260. 76 —
(s - — 12.0 15. 45 —
Q2 —0.37 0. 47 —6.1 3.22 2.99
Q 9.13 8.16 6.3 5. 48 8.58
s 6.92 6.98 22.9 6. 06 10. 33
2. 0Pr-GICZPS
h - - —3921.3 - —
(s - — —112.9 252. 80 —
(s - — 7.0 10. 07 —

K 3 PrGICZPS BB LW IR TIRE foo FHERTEE fea T RIE Ame/(107°)

Table 3 Experimental and calculated oscillator strengths, A, (in units of 107¢) of Pr-GICZPS glasses

Seal
Standard Standard Judd-Ofelt Modified
Sample Transitions Sew . .
Judd-Ofelt Equation (1) without Judd-Ofelt
Equation (1) ® H, —* P, transition Equation (5)
SH,—*P, 16. 86 8.11 7.82 10. 42
SH,—*P, 7.97 6.70 5.98 6. 30
*H,—*P, 3.83 6.50 5.81 6.11
1. 0Pr-GICZPS SH,—'D, 4,56 1.64 1. 60 2.19
SH,—3F;, 14.76 15.14 14. 80 20. 39
*H,—°F, 6.73 5.07 5.08 7.20
Arms - 5.68 5. 80 5.39
SH4—3P, 14.50 7.06 6. 80 9.04
*H,—*P, 6.29 5.73 5.12 5.38
*H,—3P, 3.81 5.56 4.97 5.23
2. 0Pr-GICZPS SH,—'D, 3.81 1.42 1. 39 1.91
SH,—*F;, 12. 84 13.19 12.91 17.76
SH,—°F, 4.90 4. 84 4.85 6.87
Arms - 4. 64 4.76 4,63

BRAENTHEIRESE 0,(A=1,3,5/
B - IR A IR AT I, W3R 2 Fis 4T
BERENHEE-RIERFRESE Q. EER T
RRBAAE @, X VLI TE Pr-GICZPS B3 PR S
Mo, ZERHFTHERINLERERNTEN. HTH
BE O NE, XN AR T R E AR, H
WHEIAWANEHINRESE Q. MERIRES
#0,Q=2,4,0O)#T UG, THIEMER %GR 2.
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F# 4 Tm-GICZPS HBWFEE-RIE/RFRBESE /(107 cm®)
Table 4 Judd-Ofelt intensity parameters (in units of 107%° cm?) of Tm-GICZPS glasses

Sorno] Judd-Ofelt intensity  Standard Judd-Ofelt Modified Judd-Ofelt Modified Judd-Ofelt
ample
P parameters Equation (1) Equation (4) (1=2,3,4,5,6) Equation (4) (A1=1,2,3,4,5,6)
Q2 2.51 2.93 2.77
Q 0.73 0.03 0.10
s 2.15 2.00 1.85
1. 0Tm-GICZPS
o2 — - 73.38
Qs — 17. 48 23.01
s — 6. 96 6.71
O, 2.14 9.42 2.09
Qs 1.47 1.25 1.25
Qs 1.84 1.55 1.55
2. 0Tm-GICZPS
.Q1 - - 97. 51
Qs — 9.49 16. 82
(s - 3.23 2.90

%5 Tm-GICZPS HIEM LW FREMITEIR FIRE A — fep) M A /(107%)
Table 5 Experimental and calculated oscillator strengths, A(fe— fep) and Am (in units of 1078) of Tm-GICZPS glass

Standard Judd-Ofelt

Modified Judd-Ofelt Modified Judd-Ofelt

Sample Transitons few theory (A=2,4,6) theory (A=1,2,3,4,5,6) theory (1=2,3,4,5,6)
Sl A Sl A Sl A
*H¢—'D, 241. 80 143. 44 —98. 36 241. 81 0.01 245, 80 4,00
SHe—'Gy 121. 77 51. 64 —70.13 120. 68 —1.09 103. 30 —18. 47
*He—*F, 88.51 98. 38 —9.87 86.78 —1.73 93.60 5.09
1. 0Tm-GICZPS SHe—3F, 330. 05 352.25 22.20 330. 32 0.28 334. 80 4.75
SH¢—*H, 328.94 291. 83 —37.11 329. 30 0. 36 332.74 3. 80
$He¢—3*H; 172. 41 176. 38 3.97 172. 41 0 165. 00 —7.41
*Hy—*F, 163. 10 172.00 8.90 163. 05 —0.05 163. 84 0.074
- - Ams =67, 48 Ams=2.10 Ams =15, 42
*H¢—'D, 253.71 210. 38 —43. 33 253. 29 —0.42 259. 24 5.53
SHe—1G, 97. 33 60. 15 —37.18 111.59 14, 26 87.23 —10. 10
SHy—3F, 48. 44 83.81 35. 37 71. 87 23.43 54, 67 6.23
9. 0Tm-GICZPS SHe—3F, 337.74 346. 85 9.11 334.79 —2.95 344, 22 6. 48
"Hy—*H, 282. 80 262.49 —20.31 278.54 —4.26 286. 83 4,03
*He¢—*H; 172.93 169.50 —3.43 173. 20 0.27 163. 20 —9.73
SH¢—3F, 185. 27 190. 63 5. 36 186. 08 0.81 186. 30 1.03

Amms =35.52

Aims =27, 93

Ams =12.75
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