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infrared (UV-vis-NIR)
La;03-25B,03-50Ge0, glass series have been studied with different concentrations (x=0.1-1.0 wt%)
of Sm,03 as an optically active dopant. The values of Judd-Ofelt (JO) parameters (£2;) follow the trend
Q5 > Q24> Q. Visible emission and decay times from the 4G5/2 level and its relative quantum efficiencies
are measured. Intense reddish-orange emission corresponding to 465/2—>6H7,2 transition has been
observed in these glasses under 488 nm excitation. A decrease in the quantum yield is observed with
increasing Sm>* ion concentration beyond 1% doping level.
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1. Introduction

A considerable literature has accumulated regarding the
optical and fluorescent properties of rare earth (RE) ions in silicate,
borate, phosphate and tellurite glasses [1]. Many fluorescent
transitions of rare earth ions of practical importance are initiated
from an excited level with a small energy gap; materials with lower
phonon energy are often required as a luminescent host to suppress
the non-radiative loss and to obtain higher quantum efficiency of the

* Corresponding author. Tel.: +91 8022961473.
E-mail address: anavekar_271@yahoo.co.in (R.V. Anavekar).
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desired fluorescence. Most oxide glasses have large phonon energy
(1100cm™~') due to the stretching vibration of network-forming
oxides [2]. It is found that germanate glasses, presumably due to the
large mass of Ge, have smaller maximum vibrational frequencies than
those shown by silicate, phosphate and borate glasses. The reduced
phonon energy increases the quantum efficiency of luminescence
from excited states of RE ions in these matrices and provides incentive
for developing a more efficient medium for optical lasers and fiber
optical amplifiers [3,4]. The phonon energy of germanate glasses is
intermediate between that of silicate and fluoride glasses. In lantha-
nide doped glasses and crystals the highest energy phonons exercise
the most influence on non-radiative relaxations because multiphonon
decay occurs with the fewest number of phonons to bridge the energy
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gap. Further lanthanum boro-germanate (LBG) glasses also known for
good optical quality with high concentration of rare-earth oxides for
laser and related applications [5].

Among active rare-earth ions Sm>* exhibits high solubility in
germanate glasses, which also possess excellent physiochemical
properties. LaBGeOs is a model material that is being developed for
several photonic applications. It is one of the few oxides that forms
glass easily, devitrifies congruently, and then becomes ferroelectric
upon crystallization [6]. It is being considered as a potential laser
host matrix, and for use in nonlinear optical devices, optical fiber
cores and as a recording medium for random-access memory in
optoelectronics [7-9]. Accordingly, in this work we have investi-
gated the optical properties of lanthanum borogermanate as a
model germanate glass system. In order to determine its potential
as a laser host material, we have measured its absorption spectra,
radiative transition probabilities, and branching ratios with varying
Sm>* concentration.

2. Experimental

xSm;,03-(25 —x)La;03-25B,035-50Ge0, (LBG) glasses were pre-
pared with x=0.1(S0), 0.5(S1), 1.0(S2), and 2.0(S3) wt%, by a melt-
quenching method. The starting batch was prepared by mixing
appropriate ratio of high purity H3BO3 (Alfa Aesar 99.99%), GeO,
(Alfa Aesar 99.99%), La,05 (Alfa Aesar 99.99%) and Sm,0s3 (Stanford
Research Laboratory 99.999%) as powders. It was melted in a high
purity alumina crucible at 1300 °C in air. This base glass was doped
with different concentrations of Sm,05 (ranging from 0.1 to 2 wt%)
melted following a similar procedure. The molten glass was cast
on preheated brass plate at 200 °C into ~1 mm thick pellets. It
was then annealed at 650 °C to relieve stresses, and polished
optically flat before spectroscopic characterization.

The Fourier transform infrared spectra (FTIR) of such samples were
recorded using a Varian 7000x spectrophotometer. Optical absorption
spectra were recorded in the 350-2000 nm wavelength range using a
Perkin-Elmer Lambda 7 spectrophotometer. The luminescence spectra
were measured over wavelength 1=500-750 nm under excitation by
an argon ion laser operating at 488 nm with a spectral resolution of
+ 1.0 nm (Coherent Innova 70). The lifetime measurements were
performed using an EKSPLA PL2143B NdYAG pulsed laser as an
excitation source and a Lecroy Wave Runner LT584 oscilloscope. All
measurements were performed at room temperature. The shape and
size of each samples were maintained exactly the same, as well as the
excitation beam position and pump carried out to all the samples were
kept constant.

The refractive index of the samples was measured at orange
wavelength range (1=635-590 nm) with a CL-181 jewel refract-
ometer with monobromonaphthalene as the contact layer between
the sample and prism. The density of the glass samples was

Table 1
Physical quantities of Sm®>* doped LBG glass.

measured following the Archimedes method using toluene as
immersion liquid.

3. Results and discussion
3.1. Physical properties

The physical properties of Sm®>* doped lanthanum borogerma-
nate (LBG) glasses are presented in Table 1. We note that the molar
refractivity (Ry;) decreases with increasing samarium content. In
general, Ry, which may be considered as a sum of the cationic and
oxygen anion refractions, is a measure of bonding among the atoms
in glass [10]. The correlation between theoretical optical basicity
(Aen)y (Agn=X1A1+XoA5+X3A3+ ... +XpA,) Where X, X5, X3,... X, are
equivalent mole fractions of different oxides, refractive index and
electronegativity is important in order to explain the optical
behavior of glasses. The polarizability of oxide species depends on
the optical basicity of the glass network. A represents the ability of
oxygen anions to transfer electron density to surrounding cations. It
is maximal when these species exist as free 0%~ ions that have the
ability to donate two electrons [11]. However, when oxygen is
chemically bonded to surrounding cations in the glass matrix, its
charge rendering power to the metal ions decreases. Certain metal
ions exhibit changes in color or oxidation state depending on the
degree of electronic charge they receive from neighboring oxygen
ions. Generally, these ions are p-block metal ions in oxidation states
two units less than the number of the group to which they belong
[12,13]. Table 1 shows the optical basicity of the present LBG glass
series, which increases slightly with Sm®* ion concentration due to
increase in polarizability.

3.2. Optical properties

The absorption spectra of the Sm>*-doped lanthanum boro-
germanate glasses were recorded at room temperature in the
wavelength range 350-2000 nm. As an example, the absorption
spectrum of the LBGS3 glass is shown in Fig. 1. It exhibits several
in-homogeneously broadened bands due to f-f transitions from
the ground 6H5,2 state to various excited states. The present
spectra are similar to those for other reported Sm>*-doped glasses
[14-16] and aqua-ions [17]. The absorption bands of the Sm>~* ions
may be classified into two groups: a lower energy group covering
2=800-1800 nm, and a higher energy group over 2=320-650 nm.
Fig. 1 shows that the more intense transitions of Sm>* ions are
found in the near infrared (NIR) region. The assignment of the
bands in the UV-vis region is not easy due to the overlap of
different 2+ 'L levels. The transition from the ground ®Hs, state to
higher energy °H and °F terms are spin-allowed (AS=0) and hence
the transitions lying in the NIR region are intense. The spin-allowed

Physical quantities Data

LBGSO LBGS1 LBGS2 LBGS3
Density, d (g/cm3) 2.3840 2.5659 2.5853 2.5946
Refractive index (n) 1.776 + 0.001 1.790 + 0.001 1.780 + 0.001 1.770 + 0.001
Molar refractivity (Ry, cm?) 8.002 + 0.001 7.566 + 0.001 7477 +0.001 7.454 +0.001
Polaron radius (rp, nm) 1.6043 0.9160 0.7254 0.5755
Inter-ionic radius (r;, nm) 3.9119 2.2324 1.7677 1.4020
Optical basicity (4) 0.719 0.723 0.728 0.737
RE ion concentration (N x 10%° ions/cm?) 0.1679 0.9040 1.8210 3.6506
Molar polarizability (ap, x 10~24 cm?) 12.686 11.994 11.853 11.817
Dielectric constant (&) 3.154 + 0.01 3.204 +0.01 3.168 + 0.01 3.133 +0.01
Reflection loss (%) 7.81 4+ 0.01 8.02 +0.01 7.87 +0.01 7.73 +£0.01
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5H5,2—>6P3/2 transition in the UV-vis region is also more intense
than the other transitions.
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Fig. 1. UV-vis-NIR absorption spectra of Sm>* doped LBG glass.
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Fig. 2. IR spectra of LBG glass doped with Sm>*.

Table 2

4. IR spectra

Fig. 2 shows IR spectra of all the glasses of this study. Here the
intense bands in the 700-800 cm~! region correspond primarily
to stretching vibrations of GeO,4 tetrahedra with a small contribu-
tion from vibrations of BO4 tetrahedra [18]. The latter are com-
pletely masked in the spectrum by the broadened and intense
peak due to GeO,. The weak bands in the region 500-700 cm '
characterize bending-stretching vibrations of the chains of BO4
tetrahedra. According to the spectroscopic description of LaBGeOs
[19,20], the bands in the high-frequency region 1150-1500 cm !
correspond to the vibrations of BOs triangles.

5. J-0 parameters and radiative properties

The radiative transitions within the 4f" configuration of an
Ln3* ion are analyzed by the Judd-Ofelt (JO) theory [21,22].
Accordingly, the calculated oscillator strength, f.,, of an induced
electric-dipole absorption transition from an initial state (¥]) to
final state (¥’]') depends on three JO intensity parameters (£2;)

foim 8z2mcv  (n2+2)°
@l = 3p2j+1) 9n

> Q)IIU ) 1
t=2406

where n is the refractive index of the medium, J is the ground state
total angular momentum, v is the energy of the transition in cm~!,
and IIUI1? are the squared doubly reduced matrix elements of the
unit tensor operator [21-23] of the rank t=2, 4 and 6. These are
calculated from the intermediate coupling approximation for the
transition, ¥J to ¥'J', at frequency » (cm~!) and are independent of
the host. The experimental oscillator strengths (fey,) of the transi-
tions are obtained by integrating the molar absorptivity &(v) at
wavenumber v (cm~!) for each band as [24]

foxp=432x107° / e(v)do @

The @, parameters have been derived from the electric-dipole
contribution of the experimental oscillator strengths using least
squares fitting. The quality of the fitting is expressed by the least
rms deviation A,,,,; of the oscillator strength. The experimental and
the calculated oscillator strengths of Sm®>* and their rms devia-
tions in the precursor LBG glasses with various Sm>* contents are
listed in Table 2.

Experimental and calculated oscillator strengths ( x 10~ ) of the Sm>*-doped lanthanum borogermanate glasses.

Transition Energy LBGSO LBGS1 LBGS2 LBGS3

fexp fml fexp fml fexp fml fexp fml
5F112 6297 3.492 3.903 3.510 3.580 4.013 3.923 3.321 3.608
H, 52 6531 0.032 0.066 0.063 0.066 0.086 0.064 0.940 0.066
5F32 6811 4.674 4.004 5.231 5.218 5.361 5.571 6.054 5.664
5Fs)2 7326 2.342 2.663 6.393 5.915 6.528 6.153 7.014 6.874
5F7/2 8196 9.342 9.083 10.23 10.96 10.52 10.83 11.02 144
5Fg)2 9306 6.981 7.352 8.632 7.671 7.682 7.482 8.012 7.688
5F11j2 10,604 1.398 1.249 1.942 1.262 2435 1.227 2.578 1.252
Tz +*Mispz +op2 21,052 1.220 2433 2.091 2444 3.282 2.395 2.842 2429
4Gopo + Mg+l 22,831 0.223 0.486 0.723 0.518 0.832 0.508 1.091 0.523
Mig)z2+°Ps)2 23,809 0.2 0.502 2.201 1.386 2.678 1431 2.870 1.640
L1324+ *Fr2+5P3p2 24,813 3.875 4.394 9.820 10.99 10.51 1131 11.83 12.88
5Py 26,666 4.876 3.862 4.345 3.928 4.398 3.822 4.687 3.907
“Dajp +5Ps) 27,624 0.91 138 2.974 3.660 3107 3.780 3.675 4328
“Hopz 29,069 - - 1.521 1.058 0.984 0.074 0.941 0.776
N 13 13 14 14 14 14 14 14
Arms 0.559 0.610 0.681 0.715
n 1.776 179 1.78 1.77
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It has been proposed that in an oxide glass a RE ion is
surrounded by eight non-bridging oxygen atoms belonging to
the corners of BO4/PO,4 tetrahedra in borate/phosphate glass, with
each tetrahedron donating two oxygens, as shown in Fig. 3 [25].

From the similarity of spectral features in ternary germanate
and GeO, glasses it appears that the Sm>* ion is situated in a
distorted cube formed by four GeO, tetrahedra linked at corners.
Because of the smaller distance between Sm>* and the surround-
ing oxygens in GeO, glasses, the vibrational coupling between the
Sm>* ion and its surrounding medium is stronger, and hence the
oscillator strengths are higher in this matrix. In the absorption
spectrum of Sm>*:LBG glass, the energy multiplets are very
closely spaced and are difficult to resolve with reliable SLJ values.
To avoid this difficulty, the matrix elements of all the overlapping
transitions in that region are summed and then JO intensity
parameters are calculated; the results are presented in Table 3.
In general, the ©, parameter is an indicator of the covalency of the
metal ligand bond, and 2,4 and 2 are related to the rigidity of the
host matrix [24]. As - is sensitive to the covalent bonding, it can
be reasonably deduced that the covalent degree of the present LBG
glass is higher than any simple glass matrix listed in Table 2. On
the other hand, Qg is related to the rigidity, and ©24/92¢ determines
the spectroscopic quality of material [27]. The present glass shows
the highest £24/02s value, indicating the favorable performance as
host for luminescence activators.

2, depends on the asymmetry around the Sm>* ion, which
itself is determined by the covalency of the Sm-0 bond; a lower
symmetry in the vicinity of the rare earth ion results in a higher
value of @, [28,29]. The 24 and Qg Judd-Ofelt parameters
determine luminescent properties such as branching ratios and
the stimulated emission cross section. They are related to long

O © oxygen
® rare earth

e boron

range parameters that determine the bulk properties of the glass
like basicity of the matrix. Q¢ relates to the density of 6s electrons
that shield the 4f electrons responsible for optical transitions of
Ln®* ions [24]. Due to the effective shielding of 4f shell by fully
filled 5s and 5p orbitals, electronic cloud of trivalent lanthanide
ions experiences very weak ligand field influence. Although weak,
this perturbation is responsible for the 4f intra-configurational
electric dipole transitions, which are otherwise forbidden under
Laporte's Rule. Hence intensities of these forced electric dipole 4f
transitions reflect the interaction of the rare earth ion with its
nearest neighbors. Judd and Ofelt independently proposed a
theory for the quantitative estimate of the forced electric dipole
transition intensities [21,22]. Among the rare earth ions Sm>™ is
used as probe and also as an efficient laser active ion with its
emission around 600 nm for the lanthanum borogermanate glass.

The radiative properties can be calculated from £, [30], since
the spontaneous transition probability is expressed as

A(l}’], T/J/) = Aed +Amd> (3)

where A.q and A;,4 are the electric and magnetic-dipole contribu-
tions, respectively. These are calculated from

_ 647%  nn?+2)° 647403
= 3p2]+1) 9 3h(2J+1)
where n(n®+2)2/9 and n® are the local field corrections for the
electric dipole and for magnetic dipole transitions, respectively. Seq

and S,,4 are the electric and magnetic dipole line strengths,
calculated from the following expressions:

A Seq and Apg = 13Sma 4)

21,2

e’h ’
5 (PJIL+2S)1¥)')

2 t 17\2 -
Su= T QU and Sna=qg o

)

The sum of A(¥], ¥J) for the states involved gives the total
radiative probability (Ar)

AP = ZAYL¥T) (6)
v

where the sum is extended over all states of energy lower than
¥'J'. The radiative lifetime of an emitting state is related to the
total spontaneous emission probability for all transitions from this
state by

1

R(¥)) = Ar())

(7

Another important radiative property, the fluorescent branching
ratio (pg) for the different transitions originating from the same
excited state, is calculated from the equation

ALYT)
: . . PROPILY]) === ®)
Fig. 3. Nearest oxygen neighbors surrounding the rare earth Ref. [26]. Ar(¥))
Table 3
Judd-Ofelt ( x 10~2°cm?) parameters, trends of €2, parameters and spectroscopic quality factor (£24/6) of the Sm>*-doped lanthanum borogermanate glasses.
Glass composition JO parameters Trends of 2, Q4 Q6 Ref.
2 24 26
LBGSO 10.69 + 0.05 3.0 +0.05 7.5 +0.05 Qr> Q6> Q4 04 This work
LBGS1 9.69 + 0.05 8.18 +0.05 7.46 + 0.05 Q2> Q4> Qg 1.0
LBGS2 10.71 + 0.05 8.52 + 0.05 7.30 + 0.05 Qy> Q4> Qg 11
LBGS3 9.93 + 0.05 9.84 + 0.05 7.51 + 0.05 Qy > Q4> Qg 13
GPBS 8.56 3.02 2.37 Q> Q4> Q6 2]
GeO, 6.48 4.98 3.18 Qy > Q4> Qp [31]
B,03 6.36 6.02 3.51 Qy> Q4> Q5 - [31]
P05 431 428 5.78 Q6> 2y > Q4 [31]
TeO, 3.17 3.65 1.61 Q4> Q) > Qg [31]
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Emission band position (4, nm), effective band width (AZey nm), radiative
transition probability (A,
(o x 10722 cm?), experimental and calculated branching ratios (sg) for the “Gs)»
transition level of Sm>*:LBG glasses.

s

peak

stimulated

emission

cross-section

Transition Parameters SO S1 S2 S3
4Gsp—C®Hspp  Ap 563.61 563.61 563.61 563.41
Adegy 9.537 948 9.128 735
A 38.09 49.1 49.87 50.94
of 0441 0.569 0.578 0.59
Br(EXp) 0.0439 0.0429 0.0426 0.0425
Br(Cal) 0.051 0.065 0.066 0.069
4Gsp—®Hypp A 600.04 600.04 599.78 600.19
Adegy 12.49 1218 12.88 847
A 290.19 429.82 426.25 455.97
of 1.903 2.821 2.787 2.992
Br(EXp) 0.334 0.375 0.364 0.38
pr(Cal) 044 0.642 0.644 0.697
9Gsjp—CHop  p 647.56 647.29 647.29 645.27
Adegy 17.05 171 16.14 7.6
A 358.85 424.69 447.6 440.25
of 1.815 2149 2.266 2232
Br(EXD) 0.413 0.371 0.382 0.366
pr(Cal) 0.637 0.742 0.791 0.787
Gsp—C®Hup A 707.22 707.75 706.69 704.31
Adegr 21.64 18.05 18.32 9.99
A 55.4 105.8 106.32 117.66
of 0.243 0.464 0.467 0.514
Br(EXp) 0.0638 0.0925 0.0908 0.0976
Br(Cal) 0.118 0.223 0.226 0.252

and is used to predict the relative intensity of the emission lines.
Table 4 shows the spontaneous transition probabilities and the
branching ratios of the optical transitions for the four Sm>*:LBG
glasses from “Gsy, emitting level. The fluorescence branching ratios
(Br) are also presented in Table 4, which shows that the values of A
and pk are much higher for these transitions than for other radiative
transitions. The peak-stimulated-emission cross-section, o(4p) (¥J,¥'J'),
between the states ¥J and ¥’J' having the probability of A(¥J,%’]') can
be calculated from

4
olip) = < “p

where 4, is the wavelength of the emission peak and Ay is the
effective line width [24]. The latter is determined by

1(2) da

IIT!GX

(10)

where [ is the fluorescence intensity and I,,,4y is the intensity at band
maximum.

Sm>*-doped LBG glasses emit bright reddish-orange lumines-
cence under 488 nm excitation. The emission spectra of Sm>*:LBG
glasses are shown in Fig. 4. They consist of green, yellow and reddish-
orange emission bands at 565, 602, 649, and 700 nm, which
correspond to the “Gs;2-®Hj_sp2, 72, 92, and 112 transitions. They have
been observed when the glass sample is excited by UV and blue
radiation. Broad excitation wavelength range from UV to bluish-
green shows that commercial UV and blue laser diodes, blue and
bluish-green LEDs and Ar* optical laser are powerful pumping
sources for Sm>*-doped LBG glass. The 600 nm emission is the most
intense band in the present glass. The peak wavelengths (1p),
bandwidths (Aley), peak emission cross-sections (op) and branching
ratios () of four emission transitions of Sm>* ion are presented in
Table 4. Out of the four transitions, the peak emission cross-section is
the highest for *Gs,~°Hyj, and *Gs,~°Ho), transition for all composi-
tions. In general, the luminescence branching ratio is a critical
parameter to the laser designer because it characterizes the

GSIT’ H
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Fig. 4. Emission spectra of Sm,03; doped LBG glasses and Sm,05; concentration
dependence of intensity.

possibility of attaining stimulated emission from any specific transi-
tion. The relative areas under the emission peaks are known as
experimental branching ratios (g (Exp)) and are compared in Table 4
with those predicted from the JO theory. In the present study, the
465/2—6H7/2 transition shows higher g values, and the same trend has
been noticed in lead germanate glasses [32]. Moreover, the measured
branching ratios are found to be nearly 7%, 50%, and 35% for the
transitions *Gs;;~®Hsa, “Gsa~®Hyp2 and *Gs,~°Hoy, respectively. Since
the total branching ratio contributed from these transitions is more
than 92% one can expect intense visible emissions for Sm>* ions in
lanthanum borogermanate glasses. As a result these glasses are
expected to be promising material for visible lasers.

The intensity of all fluorescence bands decreases as the concentra-
tion of Sm,03 increases beyond 1.0 wt%. It indicates concentration
quenching by cross relaxation (CR) processes. Comparing the ionic
radius (r) of the Sm®>* ion (r=1.09 A in CN=8 with mean inter-ionic
distance, r;=1.40 nm) and polaron radius, r,=0.57 nm, for the 2.0 wt%
Sm,03 sample (Table 1), the CR processes appear to be responsible for
the decrease in intensity of the bands due to close proximity of the
Sm>*-Sm>* jon pair (CR starts when the mean distance between
ions approaches ~15A and the concentration is greater than
12 x 10 ions/cm?®) [34]. It reveals that the highest intensity of the
4Gs2~°Hyp transition is for 1.0 wt% Sm,0s. This fact is depicted in
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Fig. 6. Decay curves for the 4G5/2 level of Sm>*:LBG glasses.

Fig. 5. It also suggests the involvement of an energy transfer (ET)
process at relatively higher concentrations of active ions.

The lifetime, 7, of Sm®*:LBG glasses was measured and com-
pared with other phosphate and germinate glasses. The quenching
of lifetime and non-exponential behavior of the decay profile
shown in Fig. 6 are due to the non-radiative electronic transition
(ET) between Sm>* ions. The measured lifetimes of the *Gs; level
for different concentrations are shown in Table 5, from which it is
clear that the Sm>*:LBG glasses show almost similar efficiencies
when compared with other samarium-doped glasses. The relative
quantum yield of the luminescence has been obtained at different
concentrations and shown in Fig. 7. The error in the calculation of
the quantum yield is shown by error bars. The value of quantum
efficiency (») is more than 1 for lower concentration which is
attributed due to the error based on the 4,5 value (see Table 2).
The efficiency in these glasses can be explained by stronger cross-
relaxation (see Fig. 5) (resulting in non-radiative losses) between
neighboring Sm>*ions in the matrix. The mechanism of such a
cross-relaxation process is as follows [35]:

(*Gsj2— °Fgj2) > (°Hs ) — ®Fop2)
Or

(Sm>*+4Gs)p )+ (Sm>+ Hsp) - 2(Sm>* OFg )

Table 5
Experimental (z.x,) and radiative (z,qq) lifetimes (ms), and quantum efficiency (») of
the Sm>*:LBG glasses.

Glasses Texp (MS)  Trqq (MS) 7 Ref.

LBGSO 1.027 1152 0.89 Present work
LBGS1 0.782 0.874 0.89

LBGS2 0.736 0.854 0.86

LBGS3 0.428 0.833 0.51
55P,05-39.9PbO-5Nb,05-0.1Sm  2.554 - 1.02

55P,05-39.5PbO-5Nb,05-0.55m  2.277 - 0.85
55P,05-39PbO-5Nb,05-1.0Sm  1.896  2.820  0.69  [24]

55P,05-38PbO-5Nb,05-2.0Sm  1.386 - 0.45
55P,05-36PbO-5Nb,05-4.0Sm  0.829 - 0.26

50 GeO,-43PbO-5PbF,-2SmF;  1.084 2177 049 [2]
49Pb0-50Ge0,-1.0Sm 1130 1.653 068  [32]
49Pb0-30Ge0,-20Ga-1.0Sm 1.060 1740 060 [32]

49Pb0-30Ge0,-20B,05-1.0Sm  1.340 2117 0.63 [32]
49Pb0-30Ge0,-20Te0,-1.0Sm  0.794 1.550 0.51 [33]
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Quantum Yield (n/n )
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0.4 T T T v T v T d T
0.0 0.5 1.0 1.5 2.0

Sm® Concentration (mol%)

Fig. 7. Variation of quantum efficiency with concentration of Sm** ions in LBG
glasses.

(A): [*Gsjz, ®Hspa]—[°Fsz, ®Fiij2] (~10,400 cm™1). This cross-
relaxation is due to energy transfer from the excited 4G5,2 emission
level to the nearby Sm>* ions in the ground level 6H5/2. It occurs
through *Gsj, —°®Fs, transition on one ion and ®Hsj, —°Fy; ), transi-
tion on the other. After that, both ions quickly decay nonradiatively
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Table 6
Radiative properties of “Gs;, —°H; transitions in LBGSm1 and LBGSm2 glasses.

Radiative properties LBGSm1 *Gspp —

LBGSM2 4G/ —

SHso SHs)» Hg)> SHypp SHs)» SHs)» Ho)> SHurp
Peak wavelength (nm) 563 599 647 706 563 599 647 706
Effective band width (Alg) (nm) 948 12.18 17.10 18.05 9.128 12.88 16.14 18.32
Stimulated emission cross-section (of x 10~2* cm?) 0.569 2.821 2149 0.464 0.578 2.787 2.266 0.467
Gain band width ((ce x Adeg) x 10~28 cm?) 0.539 3435 3.674 0.837 0.527 3.589 3.657 0.855
Optical gain (oo x 7) x 10~ 25 cm?s) 0.471 2.465 1.878 0.405 0.493 2380 1.935 0.398

to the ground state. The energy resonance of these transitions and
other possible transitions: (B): [‘Gsp, C®Hspl—[®F7p2,  ®Fopl
(~9500 cm~1); (C): [*Gspa, ®Hsja] = [®Fop2, ®F7p2] (~8400 cm~') and
(D): [*Gsj2, ®Hsj2] = [®Fnja, °Fs2] (~7100 cm™~ ') is illustrated in Fig. 4.
These processes are responsible for a nonradiative depopulation of
the 4G5/2 level from which florescence occurs. Since germanate
glasses have lower phonon energies than the conventional phos-
phate, silicate and borate glasses, and since the nonradiative losses
are proportional to the phonon energies, we can expect that these
glasses would be suitable as laser host material for various RE ions
which have small energy gaps between the lasing and the next lower
level. Due to high concentration of GeO, in the present matrix,
enhanced probability of cross-relaxation causing nonradiative losses,
stability, and transparency of lanthanum borogermanate glasses
gives distinct advantages over other glasses.

The stimulated emission cross-section (s,) has been used to
identify the potential laser transitions of rare earth ions in any host
matrix—a good laser transition should have large stimulated emis-
sion cross-section. The large stimulated-emission cross sections are
the attractive feature for low-threshold, high-gain, laser applica-
tions, which are utilized to obtain CW laser action [33]. LBGSm2
glass shows large emission cross-sections (op) values compared
with remaining LBG glasses doped with different concentrations.

The gain bandwidth (e, x A4p) and optical gain (o, x 7z) para-
meters are critical to predict the amplification of the medium in
which the rare earth ions are situated. A good optical amplifier
should have large o, (c. x Adp) and (o x 7) values. The values are
presented in Table 6. Reasonably present glasses showing higher
values of these parameters for *Gs;,—°Hy; and ®Hgj, transition
suggest that the LBGSm2 glass is a suitable candidate for reddish-
orange laser applications. The transition ®Hg, shows higher value
due to its gain bandwidth, which is high compared to that for ®Hy,.

6. Conclusions

Judd-Ofelt parameters are calculated from the absorption
spectrum of LBG:Sm glasses. These parameters are used to
determine the radiative properties for the “Gs, fluorescent level.
The @, values follow the same trend Q, > Q4> Qg as for other
Sm3* doped germanate or other oxide glasses. Intense reddish-
orange emission corresponding to 4G5,2—> 6H7,2 transition has been
observed in these glasses under 488 nm excitation, and has been
observed when the glass sample was excited by UV radiation.
Reasonably high radiative properties of 4G5,2—>6H7/2 transition
suggest that the LBGSm2 glass is also a suitable candidate for
reddish-orange laser applications. The decrease in the quantum
yield with increasing Sm doping supports the increase in ET
between Sm>™ ions with increasing dopant concentration. There-
fore, these glasses are suitable as laser host materials. The
intensity of all fluorescence bands decreases as the concentration
of Sm,03 increases beyond 1.0wt%. The predicted radiative

properties for the levels are highly useful to establish new laser
channels experimentally for Sm>* ions.
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