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Sn? " -doped cadmium—aluminum-silicate glasses (CdQOA-SiO,) have been fabricated and
characterized optically. Intense visible lights and near-infrared emissions were observed under
ultraviolet light and 488 nm laser excitation. The density, refractive index, optical absorption,
Judd—-Ofelt parameters, and spontaneous transition probabilities have been measured and calculated.
Intense fluorescences at 1.2 and 128 wavelengths were observed, indicating that the glasses are
promising materials for laser and optical amplifier applications operating in the 1.2+h.3
low-loss window of telecommunication fiber. 02 American Institute of Physics.

[DOI: 10.1063/1.1468919

Rare-earth ion-doped glasses have received much attefy, (t=2,4,6) were determined, and the spontaneous emis-
tion because of their potential applications in visible andsion probabilities for various transitions were predicted using
infrared optical lasers and amplifiefs* Recently, much re- the Judd—Ofelt theord*** Our results indicate that these
search has focused on 3Pr, Tm**-, and EP"-doped glasses are suitable materials for developing visible and in-
glasses, because these glasses can be used in the visible sgeared fiber lasers and amplifiers.
tral region and around 1.31, 1.46, and 1.m6 low-loss Sn?*-doped CdO-AIO;—SiO, glasses were prepared
windows of telecommunication fibéf® Sn? " -doped glasses from cadmium-oxide (CdO), aluminum-oxide (AJO,),
for optical lasers and amplifiers operating in the 1.2—1.3silicon-oxide (SiQ), and samarium-oxide (S$0;)
um-wavelength region have not been studied in detail. Thergowders according to the formula (£dSm)sAl,
are only a few investigations about the electronic structure$Si; - xAl,)30;,. In this workx=0.01, and all powders were
and spectroscopic parameters of 3min crystals and obtained from Strem Chemical Compaf§9.5%-99.999%
glasses 12 purity). The well-mixed raw materials were first heated for

Glass host material is a very important factor for devel-several hours in an AD; crucible at 900 °C using an elec-
oping rare-earth-doped optical devices. Up to now, researchic furnace, and then a higher melting temperature of
efforts have concentrated on fluoride glass systems becausel280°C was used. The glasses were subsequently an-
of their lower phonon energies compared to silicate glasse$iealed at lower temperatures and then sliced and polished to
On the other hand, oxide glasses are more suitable for praéimensions of 18 10x 0.8 mn¥. The density of the sample
tical applications due to their high chemical durabilities andwas measured to be 4.39 g&nHence, the calculated num-
thermal stabilities. In oxide glasses, silicate glasses are orfer density of S#" ions in the glasses is 1.390*%cn.
of the most popular glass hosts for making optical fiber la-Refractive indexn of the CdO-A}O;—SiO, glasses was
sers and amplifiers. In particular, heavy-metal silicate glasse®€asured using three wavelengths, ardl.7223, 1.7104,
possess lower phonon energies than other silicate glasse¥)d 1.7059 ah =486.1, 589.3, and 656.3 nm, respectively.
and it can be expected that intense visible and near-infrarefihe refractive indices of the sample at all other wavelengths
fluorescence of Sfi rare-earth ions could be observed in ¢@n be calculated using the Cauchy's equatiorA
them. Recently, efficient green upconversion anti53xm  +B/A?, with A=1.6858 and3=8624 nnf.

emission have been observed in*Edoped heavy-metal The Raman spectrum of CdO-A);—SiC, glasses was
silicate (N3O- CdsAl,Si;O;,) glasses? measured using a Bio-Rid FT Raman spectrophotometer. It

In this letter, the optical and luminescence properties ofVas deconvoluted into four bands, and the peaks are at 266,
Sn?*-doped cadmium—aluminum—silicate (CdO-@}— 360, 653, and 745 cit, which can be attributed to the dif-

Si0,) glasses are reported. The optical absorption, and thirent linkages in the gnlﬁasses. The maximum phonon energy
visible and near-infrared fluorescence properties of thes8f the glasses is 745 cm, and this value is among the low-

glasses were investigated. Judd—Ofelt intensity parametefSt In oxide glasses. , _
The absorption spectrum was obtained using an UV-360

spectrophotometer. The visible fluorescence spectra were
3Electronic mail: eeeybpun@cityu.edu.hk measured using a Hitachi MPF-4 spectrophotometer

0003-6951/2002/80(15)/2642/3/$19.00 2642 © 2002 American Institute of Physics

Downloaded 10 Sep 2012 to 159.226.165.151. Redistribution subject to AIP license or copyright; see http://apl.aip.org/about/rights_and_permissions



Appl. Phys. Lett., Vol. 80, No. 15, 15 April 2002 Lin et al. 2643

4 5 3.0
~°F,
8000f & e o, ~
4, ! ’ FE 25
Gy~ Fsp S
’5‘ § 20r
& 3
g &
> [GF 215
£ 40007 5.4 *
'E ,3_ Or " R
- stlz_’GHﬂz g 6Falz Fm. GFM
2000¢ - e 205}
Gyp-Frp
0 . . . . . 00 460 500 1000 1100 1200 1300 1400 1500
900 1000 1100 1200 1300 1400 1500 Wavelength (nm)
Wavelength (nm)

FIG. 2. Visible fluorescence spectrum of $hdoped CdO—AJIO;—SiO,

FIG. 1. Absorption spectrum of Sth-doped CdO—-AJO;-SiO, glasses. glasses under 361 nm excitation.

equipped with a 75 W xenon lamp source. The near-infrared
fluorescence spectrum was recorded using a Spex-12@Basses, indicating higher mixing of the opposite parity elec-
monochromator with a liquid-nitrogen-cooled germaniumtronic configurations, which are responsible for the spectral
detector, and the excitation source was the 488 nm lighthtensities. In  addition, Qg is the largest in
beam from an argon laser. All the spectra were measured &d0—-ALO;—SiO, glasses, showing that the Sm-0O bond is
room temperature. more covalent in these glasses than in other glasses.
Figure 1 shows the absorption spectrum off*Srdoped Some important radiative properties can be calculated
CdO-ALO;—SiO, glasses. The band assignments are alsaising the values of),, such as spontaneous transition prob-
indicated in Fig. 1 The radiative transition within thé"4  abilities, branching ratios, and lifetimes of the optical transi-
configuration of a rare-earth ion can be analyzed using théons in Sni*-doped CdO-AIO;—SiO, glasses? The
Judd-Ofelt approactf™° Judd—Ofelt intensity parameters branching ratios for the transition&Gs,—°®Hs,, “Gsp
) can be derived from the electric-dipole contributions of —°H,, and*Gs,—°Hg, are 5.6%, 35.8%, and 37.6%, re-
the experimental oscillator strengths using a least-squargpectively. Thus, intense visible emissions can be expected in
fitting approach. Since it is not appropriate to consider highCcdo-ALO;—SiO, glasses. In addition, the branching ratio
energy levels of St in this calculation” () are derived for the transition’Ge;,—®F oy, is 0.7%, and is much higher
from absorption bands in the low-energy region. The matrixhan those in borosulphate glasg€s2% and lead borate
elements given in Ref. 16 are used in the calculation. Theasse0.49%, % 2therefore, efficient 1203 nm emission can

measured and calculated oscillator strengths of'Sim  pe obtained. Moreover, the spontaneous transition probabil-
CdO-ALO;-SIiO, glasses are shown in Table I. The calcu- ity of the SF,,—%H, transition (1293 nm emissionis

lated roogmegn-slqu?re gev'af[;lénns (Ref. l?‘ bgngte:gg;[he 462 s, and is even higher than those t@®s,—°H,, and
measured and calculated oscillator strengths is ) 4Gs,—Hg, transitions. Thus, efficient near-infrared emis-

Q.‘ are 'mpo”_am_ for investigating _the local structur_e andsions in the glasses under suitable excitation condition can be
bonding in the vicinity of rare-earth ions. Parametgy is expected

associated with the symmetry of the ligand field in the rare- Sn?*-doped CAO—AJO,—SIiO, glasses emit intense

earth site, andg is an indicator of the covalency of the . o
Sm—0 bond® The values ofQ2,, Q,, and Qg are 6.56, orange-red light under UV excitation. The fluorescence spec-

514  and 4.08 10° cni respectively. Q, of trum in the visible spectral region is shown in Fig. 2. It
CdO’—AIZO3—SiOZ glasses is ’Iarger than those of fluorozin- CONSists of three emission band peaks 6at 566, 601, and 649
cate glasse¥, oxyfluoroborate glassé§, lead fluoroborate MM respe_c_tlvely, attrlbutlng_ to tHtSs,—°H, (‘.125/2’ 72,
glasses, and lead borate glas%@sand is close to those of 9/2) transitions. The full widths at half maximum for the
germanate glasses and borate glad%&hese behaviors sug- three emissions are 12.1, 16.5, and 17é5 nm, respectively.
gest that the symmetry of the site occupied by3Snin  The most intensive emission is thEs,— H7,2. transition.
CdO-ALO;—SiO, glasses is lower than those in fluorzin- Potential green, yellow, and red lasers operating at 566, 601,

cate, oxyfluoroborate, lead fluoroborate, and lead boratand 649 nm based upon Sfmdoped CdO-AIO;-SiO,
glasses are desirable in high-density optical storage, undersea

TABLE |. Experimental and calculated oscillator strengths of3Snin communications, color displays, and medical diagnostics.
CdO-ALO;-SIO, glasses. The near-infrared fluorescence spectrum of Srdoped
CdO-ALO,;—SIiO, glasses under 488 nm laser excitation is

Absorption Energy (cm’) Pesp (10°°) Pear (1079 shown in Fig. 3. Intense emission bands with peak values at
235/2:2:23/2 (75?122 i-;zg i-;g; 911, 958, 1203, 1293,6and 14423 nrr61 Were4 obserged, corre-
GHZ;GF% 8237 2 065 5158 Spondlgg to thé‘G65,2—> 'Za/z, Gsio—"Fsj2, “Gsz—="Fopa,
SHepF oy 9363 1603 1.469 F7—°Hsn, and®Fs5,— °Hsp, transitions, respectively. The

1203 and 1293 nm emission bands are the strongest and the
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\ . The intense 1.203 and 1.293m emissions are at the
G~y low-loss windows of single-mode fibet8Lasers and ampli-
fiers are being developed adopting the rare-earth io#s, Pr
Tm®*, and Ef™, operating around 1.31, 1.46, and 1453,
respectively. The 1.2—1.@m-wavelength region is ignored
because of a lack of suitable optical materials. Intense infra-
red fluorescence in St-doped CdO—-AJO;—SiO, glass in-
dicates that the 1.2—1,3m spectral regions can also be used
in optical communication.

In conclusion, Smi"-doped CdO-AIO;—SiO, glasses
have been fabricated and characterized optically. The Judd—
Ofelt intensity parameters, radiative rates, branching ratios,

8

Intensity (a.u.)
B 8 8 8

50 60 640 680 and fluorescence lifetimes were calculated. Intense visible

[e]

and infrared fluorescences from 3imions in the glasses
were observed at room temperature, indicating that the

lasses are promising materials for developing visible and
FIG. 3. Near-infrared fluorescence spectrum of S3Srdoped g P g i .p g .
CdO-ALO;—SiO, glasses under 488 nm laser excitation. infrared lasers and optical amplifiers, especially for operation
in the 1.2—1.3um low-loss window region of telecommuni-

cation fibers.
full widths at half maximum are 44.8 and 42.8 nm, respec-
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