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ABSTRACT. In this investigation, Nd*" doped lead borosilicate glasses (LBS) were prepared with chemical composition
of (30-x) PbO — 40 H3;BO3 —10 SiO, — 10 AL,O3 — 10 LiF — x Nd,O3 (where x varies from 0.0, 0.1, 0.5, 1.0 and 2.0 mol%)
by conventional melt-quenching method. The spectroscopic analysis can be done using absorption, emission and decay
measurements. The oscillator strengths (fex, and fea) and the evaluated Judd-Ofelt (JO) intensity parameters (Q, A =2, 4
and 6) determined from the absorption spectrum. From the emission spectra, three NIR bands observed at 903, 1060 and
1334 nm corresponding to the “F3o—*lop, *F3p —1112 and *F3, —*1,3, transitions, respectively for which the effective
bandwidths (AAp), radiative transition probabilities (Ar) branching ratios (Br) and stimulated emission cross-sections (Gse)
are also evaluated. The intensities of emission bands increased with the increase of Nd*" ions concentration upto 1.0 mol%
and then decreased at higher concentrations due to the concentration quenching. From the analysis of emission properties,
it is concluded that the Nd** doped LBS glasses could be useful for various photonic applications in different fields.

Introduction. In the present scenario, the multicomponent oxide glasses have been attracted the
several researchers and technologists due to their unique properties such as trouble-free casting, good
transparency, solubility of rare earth ions and long term stability [1]. However, due to the increasing
demand of the rare earth doped multi-component oxide laser glasses in various applications such as
higher order harmonic generation [2], time-resolved laser spectroscopy [3], plasma generation [4]
and in many areas, a good host is highly essential to improve the quantum efficiency to meet the
aforesaid applications. In the process of searching various oxide glasses, the host glasses with heavy
metallic components such as lead oxide, aluminum oxide and silicon dioxide are found to have the
ultrafine transparency, high thermal stability, low melting point, infrared transparency, corrosion
resistance and also good solubility of rare earth ions [5]. In these multiconstituents, the role of lead
in the glass network is to reduce the phonon energy of borate (~1400cm™) and also to increase the
mechanical stability by lowering the melting temperature. Hence, in the present study lead
borosilicate glasses (LBS) are chosen as a host matrix to meet the specified applications. Among the
available rare earth ions, the neodymium (Nd*") ion is identified as one of the most efficient ions for
solid state lasers with the emission wavelength at 1060 nm as well as the possibility for lasing action
at other wavelengths such as 1800, 1350 and 880 nm which are be useful for broadband laser
amplifiers and other photonic applications.

Experimental. High purity reagents of PbO, H3BOs, SiO2, ALOs, LiF and Nd>O3 (99.99) were
selected as raw materials for the preparation of Nd** doped lead borosilicate (LBS) glasses by the
melt-quench procedure.

Results and Discussion. Due to the absorption of energy by the ground state (*ls2) Nd** ions, they
get excited to the various excited levels. The absorption spectrum of Nd;.o:LBS glass recorded in the
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wavelength region of 400 - 950 nm is shown in the Fig. 1. It shows eleven absorption bands at 430,
460, 477,513,526, 583, 627, 682, 747, 804 and 875 nm are identified corresponding to the transitions
Ton— *Pin, *Guin, *Gon, *Gop, *Grn, *Gsp, *Hiin, *Fon, *Fip, *Fsp and *Fsp, respectively. The
assignments of the transitions have been done based on the reports by the Carnal et.al [6]. Among
these energy levels, the *P1, *Gi1/2, 2Gop, and 2Hyi2 levels are not well resolved due to the strong
absorption of the host composition. The observed absorption bands in the present work are similar to
those of other Nd** doped glasses, which indicate homogeneous incorporation of the rare earth ions
in the glass network. It is also noticed that the bands at 526, 583, 747 and 804 nm are more intense
than other bands. In the case of rare earths ions certain transitions are sensitive to ligand environment
of the host and such transitions are called as hypersensitive transitions, obeying the selection rules
AJ<2, AL>2 and AS = 0. These transitions posses higher reduced matrix elements (||[U?|| and also
higher oscillator strengths with respect to other transitions. In the case of Nd** ion, the *lop—*Gs is
the hypersensitive transition and possesses higher oscillator strength.
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Fig. 1.(a) Absorption and (b) Emission spectra of Ndx.LBS glasses

Judd-Ofelt analysis. To investigate the nature of bonding exists between the rare earth ions and the
surrounding ligands and as well as the symmetry around the rare earth ions, the JO analysis has been
adopted. The JO theory enables the evaluation of intensity parameters { (A = 2, 4 and 6), which are
useful to know the nature of the bonding, asymmetry and also in the prediction of certain radiative
parameters. To evaluate the JO intensity parameters, the experimental (fexp) and calculated (fcar)
oscillator strengths are determined using the expressions given in earlier reports by Reddi Babu et al.
[1] and are reported in Table 1. The evaluated intensity parameters 2 (A = 2, 4 and 6) of the Ndi.o:
LBS glass are compared with those of other Nd** doped glasses as presented in the Table 2 [7-10].

Emission analysis.The emission spectra of Ndx:LBS (x=0.1, 0.5, 1.0 and 2.0 mol %) glasses recorded
in the region 800-1500 nm with an excitation wavelength of 808 nm are shown in the Fig 1(b). It is
also observed that the emission intensities increases with the increase of Nd** ions concentration upto
1.0 mol% and then decreases at higher concentrations. It may be due to concentration quenching as
well as the energy transfer between the Nd** ions. Among the emission transitions, the *F3» — *I112
transition at 1060 nm is found be more intense than the other transitions. In order to predict the lasing
efficiency of Nd** doped LBS glasses, the evaluated Judd-Ofelt intensity parameters Q. (A =2, 4 and
6) are used to calculate the radiative properties such as spontaneous emission probabilities (Ar), total
radiative transition probability (Ar), radiative lifetimes (tr) and branching ratios (Br) for the
“F30—Top, “I112 and 1132 emission transitions using the expressions available in previous reports [1]
and are shown in Table 2. From the data, the higher experimental branching ratios are observed for
the “F3,— #1112 transition at 1060 nm for all the Nd™ doped LBS glasses which is useful for high
gain broadband amplification applications. Also, certain laser characteristic parameters such as
stimulated emission cross-sections (ce), optical gain bandwidths (ae X Der f) and optical gain
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parameters (0, X Tg) are calculated using the expressions [1] and are presented in Table 3. From the
tabulated data, the Ndos:LBS glass possess higher values of o, (ae X A, ff) and (g, X Tg) for the

4F3,—*111)» transition observed at 1060 nm.

Table 1. Comparison of Judd-Ofelt intensity parameters (in 10°° cm?) of the Nd,.o :LBS glass with
other Nd** doped host glasses.

Glass matrix (0)3 Qf O Trend

Ndi o:LBS [Present work] 10.96 1.62 19.87 Qs>Q) >Qy
30B203-70PbO[7] 352 298 548 Q> >Qy
30PbO-70B,03 [7] 396  3.77 4.68 Q>0 >Qy
ZBLAN [8] 509 312 7.16 Q&>
Silicate[9] 471 454 505 Q>Qr >Qq
Vitreous Borate[10] 43 3.6 4.7 Q6> >Qy

Table 2. Different radiative parameters of the Nd.:LBS (x= 0.1, 0.5, 1.0 and 2.0mol%) glasses.

Transition | Property Ndo.i:LBS Ndos:LBS LBS Ndio:LBS LBS Nd2o:LBS
Ar 1368 5117 4356.1 5942
At 7221 13054 11013 13083
‘Fsn— YTon | Pm 0.35 0.26 0.25 0.45
Br 0.19 0.39 0.4 0.21
TR(US) 138 95 82 76
Ar 4623 6542 5492 5999
At 7221 13054 11013 13083
Fzp— Tig | Bm 0.55 0.65 0.66 0.46
Br 0.64 0.50 0.50 0.69
TR(US) 138 95 82 76
Ar 1172 1328 1109 1087
At 7221 13054 11013 13083
“Fsn— Ti3n | Pm 0.1 0.09 0.09 0.1
Br 0.16 0.10 0.10 0.10
TR(US) 138 95 82 76
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Table 3. Laser characteristic parameters of the Nd.:LBS (x= 0.1, 0.5, 1.0 and 2.0 mol%) glasses.

Transition | Lasing Ndo1:LBS  Ndos:LBS Ndio:LBS  Nd20:LBS
parameter
Ap 903 902 904 902
Aefr 58.55 53.15 52.26 45.87
‘Fsn— Top | Oe 0.89 3.57 3.08 4.62
GeX Aherr  5.21 18.98 16.09 21.20
GeX TR 1.23 3.50 2.53 3.51
Ap 1059 1059 1059 1060
Adp 35.81 39.54 39.90 39.91
*Fin— *Tnp | oe 9.32 11.64 9.56 10.22
CeX Aher  33.38 46.02 38.15 40.79
GeX TR 12.86 11.05 7.83 7.76
Ap 1334 1334 1337 1334
Adp 67.53 56.36 53.44 63.57
*Fin— lizn | oe 3.16 4.18 3.67 2.92
GeX Aherr  21.35 23.56 19.62 18.57
GeX TR 4.36 3.97 3.00 221

Summary. In the present work, different concentrations of the Nd** doped LBS glasses were prepared
by the melt-quench method and are characterized by using the absorption and emission
measurements. Using the absorption studies, the JO intensity parameters ({,) were determined from
the absorption spectrum of Ndi.o. LBS glass and their trend has been observed as Q> >Q4. The
higher Q¢ parameter of the LBS glass indicates more rigidness of the glass and also strong electron-
phonon coupling strengths between the Nd** ions and anion ligands. The radiative properties such as
transition probabilities (Ar), total transition probabilities (Ar), branching ratios (Br), radiative
lifetimes (tr) and peak stimulated emission cross sections (c.), optical gain bandwidths (cexA\efr)
and optical gains (GeXTexp) Were calculated for all the emission transitions of the Nd** doped LBS
glasses. The higher values of stimulated emission cross sections, optical gain bandwidth and optical
gain observed, for the *F3,— *I11, transition at 1060 nm suggests that, the prepared glasses are highly
useful for efficient broadband laser amplification applications. From the decay profiles of the
4F3,—*T112 transition of Nd** ion, it is concluded that, lifetimes (texp) of the *F3/ level decreased with
the increase of Nd** ion concentrations.
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