928 A4 ﬁlf] % % j:ﬁ Vol. 28, No. 4
2008 4F 4 J ACTA OPTICA SINICA April. 2008

B, 0253-2239(2008)04-0749-07

WIS Rk £R 52 Bl WL i Be AL Fr AR
e st
RRE' REE' % B OEEA B B B

C T FIER AP G R T HOR R, 7 RIE 1160295 ° P E B2 B RGEA AW BB, T7° Ki#E 116023)

BE RAMIRELS T2 & T 21528k B /045 S 00 5k 62 £h 3% 55 R B I8 0 Rl PR Eh D AL B . IR LA -
FETFE (Judd-Ofelt, JFOYFIR A T = M4 & FHA-RIEM R IE S & 0 (k=2,4,6) M A KEH FHdr. B K@
BRAT JLR 6 H I G S S . 3 7 B (McCumber) FEiE 40 BF T 5540 3095 T Ak e 2h B B 40 35 7 |- 4
BALLIEC Fopo—>" o) RIEC Huo =" Lis ) B WO ST . 45 2R R W, Bl 5 45 B 00 ik 12 40 B 3 vh 4 8 Tk BE 1Y
Bm, LA -HMAET RS & Q. /N AL B W AR B E 1 Q. WIS K E IR e K. B Te A MR
T Bl IR R T T O AR LML ) I 4 4T Sl RN A DY 1 32 U R S K T s A

KA FLAG-RAE MRS s WIRERRER B s AL W ORI B MR SR

hESES TN204; 0433.4 XEHRIRE A

Spectral Investigation of Yb** : Er** Co-Doped Borosilicate
Glasses at Visible Band Based on Judd-Ofelt Theory
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Abstract The samples of Er'" -doped, Yb*" : Er’* co-doped borosilicate glasses with different dopant concentrations
were prepared by the high-temperature sintering technique. Based on Judd-Ofelt (J-O) theory, the J-O intensity
parameters (2, (k=2,4,6), spontaneous radiative lifetime, spontaneous transition probability, fluorescence branching
ratio, and spectral line strength of the Er’™ ions were calculated. While the stimulated emission cross sections of the
up-conversion red (* Fy,,—"1I5,,) and green (* H,,,,—>"1,5,;) emission of Er'” ions were analyzed using McCumber
theory. The results show that J-O intensity parameter (2, becomes smaller with the increase of erbium concentration
in Er*" -doped borosilicate glasses. But for the Yb*" : Er*" co-doped borosilicate glasses. the value of (2, becomes
bigger with the increase of ytterbium concentration, and bigger than that of silicate, fluorid, and bismuth glasses
reported. The stimulated emission cross sections of the up-conversion red and green emission increas a little.

Key words Judd-Ofelt theory; brorsilicate glasses; Yb®" : Er''t co-doped; visible wavelength band; stimulated
emission cross section
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Fig. 1 Absorption spectra of Er'" -doped borosilicate
glasses Z,, Z, and Z;
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Table 1 Refractive indexes of all samples at 488 nm,

589. 3 nm and 632. 8 nm wavelength

Wavelength /nm
488.0 589. 3 632.8
Sample

Z, 1.5288 1. 5240 1.5226
Z 1.5313 1.5256 1.5240
Zs 1.5323 1.5266 1.5250
Z, 1.5313 1.5261 1.5238
Zs 1.5324 1.5264 1.5254
Zs 1.5320 1.5266 1.5260
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Table 2 Values of 2, Q.. Qs and Q./Qs for all samples

0,/(107* ecm®) Q,/(107* em®) Qs /(107" em®) Qi /s

Zy 4.5187 0. 4447 0.5112 0. 87
Z, 4.1835 0. 6867 0. 4320 1.53
Zy 4.1144 0.6602 0.4553 1.45
Z, 3.7292 0.5144 0. 3941 1.31
Zs 4.7160 0. 7586 0.4599 1. 64
Zs 4.8915 0.7476 0.5014 1. 49
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Table 3 Measured and calculated spectral-line strengths of samples Z,, Z,, Z; and Z;

Spectral-line strength /(10 % c¢m?)

Transition Wavelength /nm

Z, Zs Zs

"I 291F9,2

s> Hupe

s> Fop

4 2
Iis ;=" Gy

s> G

Shs

651

521

488

406

377

Z
Sep=0.4885442 S, =0.4767191 S, =0.
S.=0.4892370 S, =0.4741891 S =0.
Sep=23.4424571 S, =2.8279130 S, =3.
S.=3.4155962 S, =2.8769770 S, =3.
Sep=0.3798250 S, =0.3262011 S, =0.
S =0.3859133 S, =0.3226814 S, =0.
Sep=0.1098452 S, =0.0858312 S, =0.
S.=0.1215906 S, =0.1071202 S, =0.
Sep=4.5033479 S, =3.7786510 S, =4.
S =4.4428550 S, =3.7409740 S, =4.

4.8X10" % cm?® 4.6X10"% cm?®

6467724
6428878
5943840
6793300
4046254
3997819
1064377
1373538
8486390
7832530

7.9X10° % cm®

Sep =0. 6602643
S =0. 6559690
Sy =3. 6761060
S =3. 8022530

S =0. 4277399
Sea=0. 4242012
Sep=0.1151028

S =0.1435508
Sexp = 0. 0404360
Sea=4.9434960
11.4X10 * cm®
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Table 4 Predicted spontaneous radiation transitions probability A, fluorescent branch radios 8 and radiation
lifetimes .. of Er*" ions in samples Z,, Z,, Z; and Z;
Z) Z,
Transition Wavelength /nm
Aa/s™t An/s! B/% twa/ms  Au/sTt Ana/sT! B/% Trad/ S
Y —>" 1150 1531 39.83 38.96 1 12. 69 31.82 38.96 1 14.13
T —=>"1hs)s 976. 2 65.32 78. 64 12.04 51.65 75.77 14.67
—'15, 2696. 1 6.47 11.3 21. 36 5.22 11.3 24.23
Yo" 1) 800. 1 30. 16 62. 37 20.68 34.32 70. 14 20. 44
—' 15, 1677.1 15. 89 32.86 12. 32 25.18
-1 4437.7 0 2.29 4.77 0 2.29 4.68
YFo/p—>"1y5,, 651 406. 12 88.1 2.17 393.63 89.1 2.26
—" Ty 1133.2 24.57 5.33 23.52 5.31
—'T1 1955 28.73 6.23 22.69 5.13
-1, 3494.5 2.34 0.33 1.93 0. 44
1Sy, —=>" 1), 545. 4 415. 06 67.65 1.63 320.13 67.59 2.11
—" 1y 847.5 166. 20 27.09 128.13 27.03
e 1236.1 12.57 2.05 9. 88 2.08
—'Ty 1713.3 18. 32 3.21 15.52 3.27
Y'Gis—>"1is)s 377 16371. 68 90. 04 0.055 13785. 29 88.72 0. 064
—' 115, 500. 3 1086. 85 5.98 946. 09 6.05
—"T 614.3 187.70 1.03 214.52 1. 37
-1y, 712.9 168. 36 0.93 139.16 0. 89
—'Fy, 895.7 534.01 2.94 442,14 2.83
—2H,\, 1364.1 9.65 0.02 9.49 0.06
SHyy—>"1hs)s 521 4154. 09 ~1 0.241 3920.16 ~1 0. 255
YFop—>"15) 488 963. 45 ~1 1. 04 805. 59 ~1 1. 24
YFs—=>"15) 451 484, 83 ~1 2.06 373.76 ~1 2.67
"Fyp—>"15) 445.5 414,93 ~1 2.41 319. 88 ~1 3.13
Zs Zs
Transition Wavelength /nm
Au/s™! Ana/s™! B /A Trad/MS Aa/s ! Ana/s™! B /% Traa /TS
g =" Tis)s 1531 38.29 38.96 1 12.94 41.11 38.96 1 12.49
=15 976. 2 62.20 77.91 12.52 66.49 78. 66 11. 83
—415), 2696. 1 6.33 11.3 22.09 6.77 11.3 21.3
oy —>"1152 800. 1 50. 27 75.03 14.92 49. 68 73.38 14,77
i 1677.1 14. 44 21.54 15.71 23.20
—'T ), 4437.7 0 2.29 3.43 0 2.29 0. 34
"Fo,s—>"115,2 651 533. 66 89. 66 1.68 544,52 89.3 1.64
—"'115,, 1133.2 31.87 5.35 32.42 5.32
il 1955 27.26 4.58 29.19 4.79
-1y, 3494.5 2. 44 0.41 2.53 0.59
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Zs Zs
Transition Wavelength /nm
Ag/s™! Ana/s™! B /% Trad/MS Au/s™! Ana/s™! B /% Traa /TS
'S —>" 1152 545. 4 373.58 67.4 1.8 407. 30 67.2 1.65
—4 115 847.5 149.52 26.9 163.01 26.9
—"T1 1236.1 11. 70 2.15 12.67 2.09
-1y 1713. 3 19. 41 3.49 20. 51 3. 81
LGy —>" 1150 377 17626.03 88.5 0.0502 18216. 52 88.53 0. 0486
—" 1y 500. 3 1225. 35 6.15 1264. 55 6.15
—>'T1) 614. 3 314. 80 1.58 310. 84 1.51
—"1y), 712.9 175.71 0. 88 182.61 0. 887
—>'Fy), 895.7 560. 14 2.81 580. 64 2.82
—2Hyy 1364. 1 12.97 0. 065 13.19 0.103
*Hyyy—>" 115, 521 5013. 45 ~1 0.199 5180.93 ~1 0.193
YF =" 1) 488 980. 07 ~~1 1.001 1058.88 ~1 0. 944
YFsp—>" 1), 451 436. 17 ~1 2.29 475, 44 ~1 2.1
YFy—>" 1) 445.5 373.29 ~1 2.68 406. 89 ~1 2.46
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Table 5 ¢ values of the up-conversion red and green

emissions for samples Z,, Z,, Z; and Z;

€

Red (*Fy),—>"115,5) Green CHyyp—>"1,5/5)

Z 15189. 62 19205. 44
Z, 15173. 23 19179.93
Zs 15215. 30 19223. 46
Zs 15215. 09 19225.59
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