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Effects of Silicon Dioxide on Structure and Spectroscopic Properties of Neodym-
ium Doped Calcium Aluminate Glass
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(1. Shanghai Institute of Optics and Fine Mechanics, Chinese Academy of Sciences, Shanghai 201800, China; 2. Graduate
University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Nd*"-doped calcium-aluminate glasses with different contents of SiO, were prepared by conventional
melting method. The change of glasses structures were studied by Raman spectroscope. The non-bridging oxygens
(NBOs) around Si*" ions increase at higher SiO, content samples which are transferred from alumina tetrahedron lat-
tices and a more polymerization Al-O network appears in glass structure due to lower NBOs content. From the absorp-
tion spectra, J-O strength parameters (£2), spontaneous transition probabilities (4,4), branching ratios (f), emission
cross-sections (o,), and radiative life (z.,q) were evaluated by Judd-Ofelt theory. Analysis on the evaluation result and
fluorescence spectra reveal that the surrounding structure symmetry of Nd** ions is ameliorated and the full width at
half maximum (FWHM) of emission peak at 1067 nm is narrowed, meanwhile the emission cross-sections is enlarged
gradually with the SiO, content increasing. These results show that Nd’"-doped calcium aluminate glass containing
low content of SiO, has potential applications in ultrashort-pulse laser materials.
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Table 1 Main physical parameters of Nd**-doped CA glasses

Sample S0 S2 sS4 S6 S8 S10 S12
T,/ C 809 816 810 827 823 842 848
T,/C 924 929 927 931 938 945 963
AT/C 115 113 117 104 115 103 115

Ky 0.175 0.174 0.179 0.161 0.179 0.162 0.186
ng 1.6749 1.672 1.6692 1.6652 1.6619 1.6593 1.6554
pl(g-em™) 3.33 3.34 3.33 3.31 3.32 3.29 3.29

B Si0, ¥ B2 3G N, S 56 1l 45 R ¥ T, 2R
The Xt T SiYE T m AT APTE T, A
Wi R, SiY BT A RIS 4, M
LUK R RIS AR IR s R R b, AL B T
B OE B[ ALOL] 45, 5 25 | Nkt 4@ (i Ca™)
DLV A2 W far 51 18 . 2 55 R 2k 3% 5 1 (CaO+BaO)/
ALO>1 BF(ARSLIG AT A 1.76), BeHE =15+
SEME T Ca®. Ba® WK T HIM MG LEH, 7
A W g AT E 45 (non-bridging oxygens, NBOs). 7E 5|
AN/ Si0, 5, NBOs {1 5e 0 A 7 Sit 8 1 A [, A
15 [S10,] VY 111 44¢ Ak T il 58 A v (¥ DX Sl oy, o8 35
R NOE R NG PN ON e g sl A B BC
SUEBLONT 8 Ty T ETF
22 REHRIESH

] 2 4L R AT AR R £h AL B B 200~1100 em™ {
W — by 8ol . Tl B B 2ol Al-O,
Si—O B [ RF I F 31y e Ja) B L pe B S 0, o AT B B Y
B K IR BT TR ) RS . [ 2 e DA R
B =AW (Km0, 23 HIA7 T 540,770 F1 865 cm™ .

SCRRAF AT A U IO AR AR ARIR SRR R,
1 14 E (CaO+Ba0)/ AL O > 1 I, IR AFEAE
TR B NEOAE R AP B 2 i U634 4 [ TO,]

s

Normalization raman intensity / (a.u.)

200 400 600 800 1000
Wavenumber / cm™'

B2 CA BRI SR e ) — by 201
Fig. 2 Normalized Raman spectra for Nd*'-doped CA glasses
with the different concentrations of SiO,
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Table 2 J—O strength parameters ,(1=2,4,6)/(x102°, cm™), spontaneous transition probability 4,,4/s” and branching ratios
B of Nd*" in CA glasses

Sample o)) Q Qs ACF3—1) B(*F3p)
SO 5.69 4.82 3.61 1361 0.46
S2 5.63 4.87 3.53 1369 0.463
S4 5.69 4.87 3.69 1387 0.464
S6 5.45 4.79 3.66 1361 0.465
S8 5.36 4.75 3.72 1364 0.467
S10 5.33 4.83 3.83 1391 0.468
S12 5.13 4.82 3.8 1372 0.468
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Table 3 Florescence bandwidth FWMH, radiative life 7,4, peak-fluorescence wavelength 4 and emission cross section o,
of Nd*' for different host glasses

Sample S0 S2 S4 S6 S8 S10 S12 N31 Q-246 L-65

FWHM 39.70 38.80 37.90 38.00 37.10 36.50 36.30 20.10 28.50 41.23

A/nm 1067 1067 1067 1066 1066 1066 1065 1053 1061 1067

Trad/ 1S 338 338 335 342 343 337 341 351 406 349

o/(X102%°, cm®)  1.84 1.85 1.90 1.92 1.92 2.04 2.02 3.80 2.40 1.80
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