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Fig. 1 Dependence of reflectivity on the wavelength ( dot:

experimental, solid line; fitting curve).
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Fig.2 Transmission spectra of Er’* doped as prepared glass.
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Fig.3 Absorption spectra of Er’* doped as prepared glass.
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Table 1 Transition wavelengths( wavenumber) , theoretical oscillator strengths, transition rates, branch ratios and radiative life-

. - 3
times for some transitions of Er' *.

Transition Oscillator

. ) . Branch Radiative
Initial Final wavenumber strengths Transm(Tn rate ratios lifetime
levels levels (em™) (10°%) (s7) (%) (ms)

E-D M-D E-D M-D
4Fppp— H,,, 1378 29.29 1.36 0.000 2
43,, 2132 0.37 0.04 0
*Fon 5260 13.21 54.07 8.98 34.72 0.007 9
Iy 8118 121.79 197.18 0.0354 0.18
M P 10 369 130.98 345.98 0.063 8
4 P 14 003 153.88 741.29 0.1332
L5 20 498 410.21 4234.43 0.761 0
2H;y “S32 754 3.37 0.04 0
*Fy 3882 88 32.58 0.35
‘I, 6 740 117.37 131 1.39°
Ty, 8 991 50.8 100. 89 1.07 o1
*1i3 12 625 44.54 174.44 1.85
s 19 120 999.3 8 975.02 95.34
48,0 “Fyy 3128 3.49 0.83 0.03
Iy 5986 104.52 92.01 3.71
T 8237 33.45 55.76 2.25 0.40
1,5, 11 871 197.61 684.14 27.57
*1ys 18 366 198.96 1 648.76 66.44
“Fopp— Iy, 2 858 26.03 5.22 0.24
10, 5109 46.53 29.84 1.38
41, 8 743 55.5 104.22 4.82 046
*Lis2 15238 354.67 2023.23 93.56
g 1 2251 11.01 33.38 1.37 4.16 2.02
M PO 5 885 82.82 70. 47 25.7 3.65
*1y5 12 380 52.63 198.17 72.28
Ny 113, 3 634 84.8 59.71 27.51 19.37 18.64
2 N 10 129 81.18 204. 62 81.36 3%
Lgpy— M 6 493.5 131.09 69.17 135.8  71.66 100 4.82
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Fig. 5 FTIR absorption spectra of OH ™ group.
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Fig. 6 Absorption spectra fitting by the four-level model.
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Fig.7 Absorption and emission cross section for Er'* at 1.5
pm.
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Fig.8 FEmission spectrum of ‘I,,,, level.
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Spectroscopic Properties of Er’* Doped Bi,0,-B,0,-SiO, Glasses
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REN Guo-zhong'>*, WANG Xiao-jun"?, XIA Hai-ping*
(1. Key Laboratory of Excited State Processes, Chinese Academy of Sciences, Changchun 130033, China;
2. Changchun Institute of Optics, Fine Mechanics and Physics, Chinese Academy of Sciences, Changchun 130033, China;
3. Graduate School of Chinese Academy of Sciences, Beijing 100049, China;
4. Key Laboratory of Photo-electronic Materials, Ningbo University, Ningbo 315211, China)

Abstract; Erbium-doped fiber amplifiers ( EDFAs) with wide and flat gain spectra in telecommunication win-
dows are the key issues for dense wavelength division multiplexing (DWDM) optical network systems. How-
ever, the traditional commercialized EDFAs are made of Si0,-based material in which Er’* ions show a narrow
emission bandwidth for the *I,,,—*1,,,, transition. Many methods have been investigated to broaden and flat-
ten the gain spectra of the traditional EDFAs in order to meet the capacity demand. Recently, tellurite glasses
have received considerable attention in EDFAs for the broad bandwidth of over 70 nm, which meets the trans-
mission capacity of DWDM systems. Nevertheless, the bad thermal stability and the high up-conversion become
the unsolvable obstacle. Compared to tellurite, borate is a better glass-former compound and has higher
stability, larger phonon energy and broad bandwidth.

We prepared Er’* doped Bi,0,-B,0,-Si0, glasses according to the following molar composition; 40%
Bi,0,, 20% B,0,, 40% Si0, ,and 3.0% Er,0, is added to dope the glasses. The absorption spectra for Er’*
and OH ™~ group, emission spectra and luminous decay for the transition *I,,,—"1,s,, were measured. Accor-
ding to the standard J-O procedure the intensity parameters for the Er'* in the prepared glass were obtained.
The concentration of OH ™~ group and inner quantum efficiency for *I,,, level were estimated. It is validated
that the lower quantum efficiency is caused by the higher content of OH ~ group, about 3 times of Er’* content.
On the base of McCumber theory, the stimulated emission cross section for the *I.,,, level was derived and
found to be in better agreement with the results calculated by using the emission spectra.

We draw a conclusion that it is essential for the borate used in EDFAs to decrease the higher content of

OH ™ group despite of higher stability, larger phonon energy and broad bandwidth.

Key words: Judd-Ofelt theory; quantum efficiency; McCumber theory; the four-level model; OH ™ content
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