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ABSTRACT

The spectroscopic properties of Er PbO - ZnO - CaO- ADs- B,0;glasses have been studied. Racah coefficients
(E*, E* and B), Slater Condon parameters {FF, and R), Spin orbit coupling parameterss), Configuration
interaction parametersq and f) have been calculated by using the absorption tspe@he ratios of EE; and
E,/E; do not deviate much from the hydrogenic ratiosthle present work we have studied nephalauxeticteff
covalency and bonding parameters fof'Eglass systems. The phenomenological Judd-Ofelnsity parameters
2, 2, and 12 were determined from the spectral intensities. fEttkative transitions probabilities A, radiativédd
times ), branching ratios §z) and absorption cross sections, were evaluated for the lasing levels of certain
exited states.
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INTRODUCTION

Over the past several years, rare earth (RE)-dopattrials have been considered as key and techioalyg
important components due to their applications anious fields such as color display, solid- staget, Optical
amplifiers Photo electronic devices [1-4]. Lantlthnions are the suitable candidates for the lumerese processes
owing to their abundant energy levels [4]. Espégial’* ion possesses rich radiative transitions frometitd mid-
infrared (3.45um) region and its key role as thia&vacddopant for the optical amplification and NIgHt source at
1.53 um wavelength, the standard fiber telecomnatioic wavelength [5-7].

Further it is well known that optical fibers are measily fabricated to utilize the glass compdredrystals. It is
observed from the Silicalellurite and fluoride glasses employed as a pi@khbst for 1.53 um optical fiber
amplifiers [3, 8, 9]. Unfortunately, some disadwages based on silica-based Etoped fiber amplifier (EDFA)
restrict their further wide applications in opticebmmunication such as low-doped concentrationyomar
amplification bandwidth (~35nm), non-uniform gaipestrum, etc. [10,11]. Moreover, by considering tfoor

chemical durability of fluoride glasses and the mpatability against devitrification of tellurite agses, it is
considered to be more important to search for nglasls systems to be used as host materials im wrdsercome
these disadvantages and realize high efficiencybanadband operation in EDFA.

Recent decades have withessed an increasing interbeavy metal oxide glasses based on PbO - Z@@O-
Al,Os- B,O; system both in fundamental research and in optigalice fabrication because of their good
transparency in the mid-infrared (up to ~8 pm) @aghe lowest phonon energy (~550 Qirhigh refractive index
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(~2.3) [6,12-14]. These special properties makentibecome more attractive class of materials fortgatios and
optical communication network. The main objectivietllis work is to carry out a study on the speatopsc
properties of Ef' doped PbO - ZnO - CaO- ADs- B,O; glasses. Effects of variation in host environmemtthe
optical properties of Bf doped BZCAP glasses have been investigated andssisd.

MATERIALS AND METHODS

The multi component BZCAP 1- 5 glass systems whith molar compositions of (50-x) PbO — x CaO - A7k
457Zn0.B0Os;-1ERLO; (where x=10, 20, 30 and 40mol%) were prepared uUgiel quenching technique [15].

The ingredients of the glasses were weighed tol@et for each sample and mixed and uniformly grinded
thoroughly in an agate mortar till the uniformlyxad fine powder is obtained. The raw mixed materiakre
placed in a porcelain crucible container and tramefl to a high temperature furnace for meltinge T#mperature

of the furnace is kept at 2C for about half an hour initially and slowly raiséo reach 1056C for melting for
about one hour. The melt was quenched quickly byripg on a smooth pre heated brass plate. The adlgtic
transparent glasses thus obtained were subjectadrtealing at about 4T to remove internal stresses, which
were verified by examination through a polarizingmscope (Rudolph Instruments). The X-ray diffractstudies

of these glass systems also indicated its amorphatuse [16].

The refractive indices ‘n’ of the samples were deieed using conventional methods [17]. The absompspectra
were recorded at room temperature in UV-Vis and M&on on JASCOUV-vis—NIRV-670 spectrophotometer.
The X-ray diffraction (XRD) measurements were perfed using Bruker D8 Advance diffracto meter
(Ko¥41.54A1) at 40 kV and 100 mA, at room temperathririer Transform Infrared (FTIR) analyses wereiedr
out using PerkinElmer Paragon 500 FTIR spectropheter in the wave number range 400-4000"araing KBr
pellet technique.

RESULTS AND DISCUSSION:

1. Structure analysis
The XRD profile of the glasses namely BZCAP 1-5sgks were given in Figl.

File name: Er 3+ ion-1xrdml
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Fig-1: XRD pattern of Er®*: BZCAP 1 glass

The observed broad hump is the signature of theactexistic feature of amorphous nature of the naltender
study. The FTIR Transmission spectra in the rarfge860 to 400 cm-1 in fig 2 along with their assiggnts are
given in table 1.
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Fig-2: FTIR Spectra of Er** : BZCAP 1-5 glasses

Table -1: Assignments of FT IR in EF*: BZCAP1-5 glasses

Wave number (cmi?)  FT- IR assignment

476, 491
693
1014

1405
1632

stretching vibration in Ph{2], B-O-B and Pb-O-B bending vibration as wellkasate ring deformation

Bending of B-O-B linkage
stretching of B-O bond stretching of tetrahkdBQ, units
B-O stretching vibrations of B{inits in chain and ring type

Meta borate groups [2]
Bending modes of OH groups [2]

The various physical properties of EBZCAP 1-5 glasses are calculated from the coneeatiformulae using
experimental data and are given in table-2.

Table - 2: Various Physical properties of EF* : BZCAP1-5 glasses

Parameter BZCAP1 BZCAP2 BZCAP3 BZCAP4 BZCAPS5
Refractive index, n 1.740 1.741 1.743 1.744 1.746
Density d (gm/cr) 3.970 4,054 4.092 4.212 4.306

Optical path length(cm) 0.280 0.257 0.292 0.268 90.2
Er ('fgzocigrr]‘;’m;a“o” 0.205 0.972 1.954 2.991 3.757
Optical dielectric constant, 3.028 3.031 3.038 3.042 3.049
Reflection loss R (¥ 7.29¢ 7.30¢ 7.330 7.35% 7.38(
Molar refractivity Ry (crf) 20.683 18.451 20.508 20.148 19.949
Inter-ionic distance (A) 36.536 21.749 17.232 14.952 13.858
Poloron radius » (A) 14.72¢ 8.76% 6.94¢ 6.02¢ 5.58¢
Field strength F (18° crmi?) 0.598 1.687 2.688 3.569 4.155
Electric susceptibility 0.1613 0.1616 0.1621 0.1624 0.1630
Numerical aperture (N/ 0.2% 0.2¢ 0.2¢ 0.2¢ 0.2¢

2. Absorption Spectra
The absorption spectrum of BZCAP 1-5 glass samatesrecorded in the wavelength range of 400-1600aren

shown in fig 3(a) & 3(b).The absorption peaks cepanding to the transitions from the ground sfétg, to the
various excited states are marked in the spectra.tb the strong absorption by the host glasséiseirJV range,
the absorption bands below 420 nm could not bendisished. The experimental oscillator strength,{ffor the
following absorption bands &r: 15 11 *lora. *Forz, *Sarz, *Hivpe, “Fap, “Fsrare determined with known values of
Er’* ion concentration (in mol%), sample thickness(®ak positions and peak areas by using the foligwin

equation.

fexp = 4.32X10°% € (V) A v

- D
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The Judd-Ofelt intensity paramet€i (A=2,4,6) [18,19] have been determined by using tkeeementally
measured oscillator strengths following least seuiting [20] procedure. The experimental,{) and caculated
(fca) oscillator strengths of the observed bands arengin table-3.

Er:BZCAP 1

Er:BZCAP 2

Er:BZCAP 4

Absorption (a.u)
Absorbance (a.u)

ErBZCAP 5

T T T T T T T T T T T T T T
900 1000 1100 1200 1300 1400 1500 1600
Wavelength (nm)

T X T ) T L T ' T X T v T 4 T
400 450 500 550 600 650 700 750 800 850
Wavelength (nm)

Fig-3(a): Optical absorption spectra of EF* : BZCAP 1-5 glasses Fig-3(b): Optical absorption spectra oEr* : BZCAP
1-5 glasses

Table 3: Experimental and calculated band intensies (f x 10°) and rms deviation of EF* : BZCAP1-5 glasses

BZCAP1 BZCAP2 BZCAP3 BZCAP4 BZCAP5
Level fexp fcalc fexpv fcal( fexp\ fcalc fexpv fcal( fexp\ fcalc
liarz 0984 0988 1481 1332 0936 0912 0.952 0.9175920. 0.618
g 0.547 0.488 0.524 0.635 0.481 0422 0.405 0.4264440. 0.304
“lop 0.351 0.395 0.335 0.174 0.319 0.291 0.319 0.280870. 0.289
“For 2.074 2.044 1531 1528 1.659 1.643 1.627 1.6134511. 1.426
4Sap 0.319 0.339 0.234 0.534 0.255 0.335 0.351 0.332870. 0.205
Hyy, 8.709 8.713 5.754 5.758 5.327 5.334 5321 5.32389%5. 5.900
“Frp 1.56¢ 1.60¢ 1.22: 1907 1.27¢ 1.44¢ 122 1448 1.01C 1.04]
“Fsp 0.319 0.414 0.255 0.651 0.234 0.409 0.351 0.4141910. 0.249
rms dev. +0.040 +0.265 +0.081 +0.073 +0.054

The rms deviationd) for the £.,:and 4 is calculated by using the following equation

6(rms) = E(fcal_ fexpt)zg‘.f2 expt]l/2 - (2)

Where summation is taken over the bands used to culetd Q, parameters.
The low values obtained férms indicate the good fitting procedure employethim present study. Jorgensen and
Reisfeld [21] have noted th&, parameter is indicative of covalent bonding, witdlgparameter is related to the
rigidity of the host [22]. In the present stufy is related with the symmetry of the glass wHigis inversely
proportional to the covalency of Er -O bond. Theaency of the Er - O bond is assumed to be relatittl the
local basicity around the RE sites, which can astdd by the composition or structure of the glasst [23].

The Judd-Ofelt parameters obtained for BZCAP l1dsggs are given in table 4. The BZCAP 1 glass #éghilgher
magnitude of2, which indicate more asymmetry of the ligand fiakar the rare earth ion. This characteristic can
be attributed to the presence of Pb ion with higb@mcentration it appears from the table€23 parameterQg
parameter exhibit higher and lower magnitudes lrthed glasses except BZCAP 2 glass. The rigidityhaf host
dependenf)s parameter exhibits more value in BZCAP 2 glaskeces higher magnitudes of rigidity over the other
glasses. The J-O parameters, which contain implibi¢ effect of the odd-symmetry crystal field terrexhibit the
influence of the host on the radiative transitioalabilities. It has been observed that@heparameter is related to
the asymmetry of the ligand field near the RE iomshigher the asymmetry, the large€is[24]. The variation of
PbO concentration with intensity parameters as shiomfig 4. The (SQF) quality factdR,Qg obtained 0.554 for
BZCAP 2 glasses recommend a good candidatureder kction [25].
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Table 4: Judd Ofelt intensity parameters ;, (A = 2,4,6 ) x 16° cn?) of Er®"; BZCAP1-5 glasses

Glass/
Parameter BZCAP1 BZCAP2 BZCAP3 BZCAP4 BZCAP5S
Q, 5.313 3.970 3.638 3.950 4.900
Q, 1.802 0.801 1.538 1.611 1.833
Qs 0.850 1.446 0.985 1.081 0.710
Q1 Q¢ 2.120 0.554 1.562 1.491 2.583
O, +Q,+ Qg 7.965 6.217 6.160 6.642 7.443

The J-O intensity parameters presented in table3ised to estimate the radiative transition priitiab (Ag) from
excited ¢ /) to particular lower stater(J') manifolds using the following equations

ARUJ) =

64m1*v3 <n(n2 + 2)?

3h(2] + 1) 9 Sed+n35md> - ®

Where §y and §q are electric and magnetic dipole line strengthpeetvely. The total radiative transition
probability (A;) of an excited state is given by the sum of the(#J ; ¢'J’) terms calculated over all the terminal
states and is related to radiative life ting) @s

1
. = Ar(w]) = XAg(¥/;9]') - 4)
R
And branching ratio is given by

AR(v];w
Splwdyw)) SEED (5)

According to J-O theory [18,19] the radiative life€ 1 is inversely proportional to the refractive indekX The
value of ‘n’ monotonically increases with increasi€aO (see table 4), so the valuetpfdecreases with the
increase of CaO content.
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3. Radiative and non-radiative transition rates

Using J-O intensity paramet€l, determined from the measured oscillator strengfhthe absorption bands, the
radiative lifetimerg andbranching ratiog, for certain excited levels have been calculatédgusqs 4 & 5 [26] and
are listed in table-5. The trendgffor the excited levels in all the five glassesfarend to increase in order

4 4 4 4 4 2 4 4
l1zi2, > 112, > “lorz, > "For, > "Sarz, s Hawp, > "Fre,> "Fop2

Table-5: Computed Radiative lifetimesrr (in u sec) and Branching ratios ff) of certain lasing transitions of EF*: BZCAP 1-5 glasses

SLJ S'LY BZCAP1 BZCAP2 BZCAP3 BZCAP4 BZCAP5
TR B TR B TR B TR B TR B
Fap 152 45175 0.01 45424 0.01 40198 0.01 38797 0.01 364741 0
13 2149 0.13 2161 0.10 1913 0.11 1846 0.10 1735 0.10
aas 404 057 379 0.52 336 0.52 323 0.52 302 0.51
o 283 0.3( 23 0.3i 211 0.37 20 0.37 186 0.3¢

Similar trends have been observed for various ofti&r doped glasses [27,28]. The electric dipole limersith
(Seg) and magnetic dipole line strength,(Bfor these band is related to the J-O parametetseébfollowing eqs

The electric dipole line strengtB.§) is given by
SeaU]") = 20 (v ||U*]|w)’) — (6
The magnetic dipole line strengtls,() is given by

r eb z ryr
SnaU)) = () (L4 25192 = ()
Table-6 shows that the values & of all the BZCAP 1-5 glasses. A large stimulatetission cross- section is

related with low threshold and high gain amplifegoplications. The stimulated emission cross- sectian be
calculated by the following eq

14
Op— ﬁA(aJ,bI) — (8)

Table -6: Emission peak wavelengths\g, nm),effective line widths Aker, nm) and stimulated emission cross sectione( x102°cm?) of
Er®": BZCAP 1-5 glasses

Level BZCAP1 BZCAP2 BZCAP3 BZCAP4 BZCAP5

*Fap — Ao Ak Ce e At Ce Ao Ades Ce Ao Ahes Ce Ao Ahes Ce
‘3z 1334 51.14 1.20 1331 54.44 1.11 1328 59.24 1.14 11386.57 1.25 1330 52.79 142
‘I, 1060 5.69 19.51 1063 8.86 13.73 1065 13.17 10.45601033.59 4.18 1065 25.67 5.96
‘o 900 56.10 0.55 904 54.442 0.84 904 54.30 0.94 90%.084 1.21 909 41.24 1.45

The values obe is dependent on the composition of the glassesidering into account the relation between the
radiative lifetimetg and the refractive index [29], the increases with the magnetic transition. From &dfsis
observed thate is directly proportional to the spontaneous eimisprobability, A and inversely proportional to
the effective band widthAl.. It has been reported by Becker [30] that theamtive index increases with an
increase CaO content. In the present work, theeads® in the value of n (table-2) and (fable-7) decreases i
satisfies Eqs 8 which provides large
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Table-7: Electric dipole line strengths (S cn? (x10%%) and radiative transition probabilities A (s?) of certain lasing transitions of EF*:
BZCAP1-5 glasses

Transition BZCAP1 BZCAP2 BZCAP3 BZCAP4 BZCAP5
S'ed A S'ed A S'e A S A S A
Hep, 214 5 202 5 169 4 184 5 194 5
“Fap 16 4 12 3 15 3 16 4 16 4
‘Fsp 15 4 14 4 15 4 16 5 14 4
“Frp 11 82 75 53 86 61 92 66 11C 78
MHuz 27 29 17 18 24 26 25 28 26 29
‘Gup S 14 25 7 12 12 21 13 22 15 25
‘Fop 217 906 15¢ 661 14¢ 63C 161 68% 19¢ 841
Yo 60 493 45 368 42 341 45 370 56 455
iz 8 102 8 98 8 99 9 106 8 96
lig; 128 2778 99 2226 10 231¢ 11C 249C 11€ 261¢
‘lis; 589 31194 421 22307 424 22449 457 24220 551 29197
“Fap 5 0 7 0 5 0 6 0 4 0
‘Fs. 36 2 27 2 30 2 32 2 34 2
i 7 2 6 1 6 1 6 2 6 2
Hyz 55 27 35 17 45 22 48 23 53 26
% 4Sap 4 4 2 2 3 3 4 3 4 4
92 4R, 45 126 38 108 33 94 36 102 41 115
Yo 1 6 1 6 1 5 1 6 1 5
‘. 101 995 76 750 78 773 84 832 95 936
lgz 94 1830 92 1803 82 1599 89 1731 86 1675
‘s 22 1095 34 1673 25 1222 27 1336 19 942
‘B 59 1 48 1 45 1 49 1 55 1
Hye 27 3 32 3 28 3 30 3 25 3
4Sapz 7 2 5 1 5 2 6 2 7 2
. ‘Fop 78 137 77 136 77 135 83 145 73 129
2 Ay, 22 10¢ 20 98 20 98 21 10t 21 102
Nz 25 226 14 123 22 198 23 209 25 227
‘i, 61 1238 64 1289 61 1236 66 1329 57 1153
sy 19 112 32 191C 22 130C 24 142¢ 16 937
“Forz 3 1 5 1 4 1 4 1 3 1
o 34 55 41 66 36 57 38 62 31 50
‘S Y 8 31 12 50 9 35 10 39 6 26
iz 29 374 50 637 34 434 37 476 24 313
lisz 19 953 33 1622 22 1104 24 1212 16 796
Yo 55 3 41 2 38 2 41 2 51 3
. i, 102 35 171 58 117 40 128 44 85 29
o2 A1, 37 72 24 46 32 63 34 66 37 71
‘i 131 1457 107 1195 123 1376 132 1467 126 1403
;30 1 27 1 29 1 31 1 28 1
Yo Yz 66 42 108 69 75 48 82 53 55 35
lis; 38 241 19 118 33 208 35 219 38 243
4 iz, 95 13 140 19 103 14 113 15 82 11
u2- 4. 60 182 85 255 64 192 69 209 53 159
s %lis; 153 105 224 154 166 114 181 125 133 91

One of most important parameters influencing treedgerformance of a material is the emission erssstion.
When emission transition bridges the first excitedltiplet it can be conveniently evaluated by reogity method
which relates absorption cross-section and emiggsioss-section. To assess the emission cross-4sédotitransition
ending on the excited multiplets the Fuchtbaueddraburg method is commonly used [31].

FTIR Spectral Analysis

Vibrational Spectra of lead calcium zinc boratesgks (BZCAP 1-5) are shown in fig-2. The presenkweaplains
about the weak peak at 476,491 cm-1 is due to tieécking vibration in Pbo4, B-O-B and Pb-O-B bermyi
vibration as well as borate ring deformation of'Fbns in the glasses. All these Assignments agrelewith the
literature values [32- 35]. The peaks of FTIR speatre presented in table-1.

CONCLUSION

A novel multi component Erbium doped lead boratasgés were developed by compositionally varying the
constituent heavy metal oxides PbO and CaO. Thesuned oscillator strengths (f) have been studigtiinithe
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frame work of J-O theory to determine the J-O pat@nsQ,, Q4 andQg The largeQ, values (table-4) are probably
due to the covalent nature of the lead borate gtaddsing the J-O parameters the total radiatiaesttion rates,
radiative lifetimes, branching ratios have beerotbgcally calculated for all the excited statebeTinter electronic
repulsion parameter ratios E1/E3 and E2/E3 obsdrvetl the compositionally varied glasses do netidte much
from the hydrogenic ratios and indicate that thd@ial properties (radial distribution function) aif these glasses
are similar. The higher values obtaineddniin all glasses indicate that the’Eion is subjected to higher covalency
with low asymmetry. From our analysis it is suggdsthat the BZCAP 2 glass is a good lasing candideamong
all the other glasses.
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