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Abstract: Zinc lithium lead calcium borophosphate glasses containing Er® in (40-
X):P205:10Zn0:10Li,0:10Pb0:10Ca0:20B,03:XEr,03 (where x=1, 1.5,2 mol %) have been prepared by melt-quenching method.
The amorphous nature of the glasses was confirmed by x-ray diffraction studies. Optical absorption, Excitation, fluorescence
and Transmittance spectra were recorded at room temperature for all glass samples. Judd-Ofelt intensity parameters 2, (2=2, 4,
6) are evaluated from the intensities of various absorption bands of optical absorption spectra. Using these intensity parameters
various radiative properties like spontaneous emission probability, branching ratio, radiative life time and stimulated emission
cross—section of various emission lines have been evaluated.

Keywords: ZLLCBP Glasses, Optical Properties, Judd-OfeltTheory, Transmittance Properties.

L. INTRODUCTION

Rare-earth ions-doped luminescent materials have wide range of applications in which white light emitting diodes, solar cells,
lasers, infrared to visible up-converters and optical communications. Oxide glasses are the most stable host matrices for practical
applications due to their high chemical durability and thermal stability [1-8].Among these hosts, the borophosphate system is
attractive due to its superior physical, structural and optical properties compared to pure phosphate or borate system [9-13].The low
nonlinear dispersion of the highly rare-earth doped phosphate glasses enables their use in high power applications. Modification of
phosphate glass with ZnO had improved glass durability while maintaining low glass transition temperature. Addition of borate in to
phosphate glass also increase its durability and created a well-known glass system, namely borophosphate glass.The addition of PbO
to the phosphate glass is prediectable to increase the glass stability versus devitrification and the glass becomes chemically
inactive,due to the capability of PbO to turn as a modifier with structure units PbOg[14,15 ].Among different rare —earth ions, the
Er® ion has been identified as the most efficient ion for obtaining the lasing action, frequency up-conversion and optical fiber
amplification[ 16-20]. The present work reports on the preparation and characterization of rare earth doped heavy metal oxide
(HMO) glass systems for lasing materials. | have studied on the absorption, emission and Transmittance properties of Er®* doped
zinc lithium lead calcium borophosphate glasses. The intensities of the transitions for the rare earth ions have been estimated
successfully using the Judd-Ofelt theory, The laser parameters such as radiative probabilities(A),branching ratio (B), radiative life
time(tr) and stimulated emission cross section(cy) are evaluated using J.O.intensity parameters( £, A=2,4 and 6).

1. EXPERIMENTAL TECHNIQUES
A. Preparation of Glasses
The following Er® doped zinc lithium lead calcium borophosphate glass samples (40-
X):P,05:10Zn0:10Li,0:10Pb0O:10Ca0:20B,0;3: XxEr,03 (where x=1, 1.5.2) have been prepared by melt-quenching method.
Analytical reagent grade chemical used in the present study consist of P,Os, ZnO, Li,O,PbO, CaO , B,Osand Er,0;. All weighed
chemicals were powdered by using an Agate pestle mortar and mixed thoroughly before each batch (10g) was melted in alumina
crucibles in silicon carbide based an electrical furnace.
Silicon Carbide Muffle furnace was heated to working temperature of 1050°C, for preparation of zinc lithium lead calcium
borophosphate glasses, for two hours to ensure the melt to be free from gases. The melt was stirred several times to ensure
homogeneity. For quenching, the melt was quickly poured on the steel plate & was immediately inserted in the muffle furnace for
annealing. The steel plate was preheated t0100°C.While pouring; the temperature of crucible was also maintained to prevent
crystallization. And annealed at temperature of 350°C for 2h to remove thermal strains and stresses. Every time fine powder of
cerium oxide was used for polishing the samples. The glass samples so prepared were of good optical quality and were transparent.
The chemical compositions of the glasses with the name of samples are summarized in Table 1
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Table 1 Chemical composition of the glasses

Sample Glass composition (mol %)
ZLLCBP (UD) 40P,05:10Zn0:10Li,0:10Pb0:10Ca0:20B,0,
ZLLCBP (ER 1) 39P,05:10Zn0:10Li,0:10Pb0:10Ca0:20B,05:1 Er,0;

ZLLCBP (ER 1.5)  38.5P,05:10Zn0:10Li,0:10Pb0:10Ca0:20B,05: 1.5 Er,0;

ZLLCBP (ER 2) 38P,05:10Zn0:10Li,0:10Pb0:10Ca0:20B,03: 2 Er,0;

ZLLCBP (UD)—Represents undoped zinc lithium lead calcium borophosphate glass specimen.
ZLLCBP (ER) -Represents Er ** doped zinc lithium lead calcium borophosphate glass specimens.

1. THEORY
A. Oscillator Strength
The intensity of spectral lines are expressed in terms of oscillator strengths using the relation  [21].

fexpr- = 4.318 x10°fe (v) d v (1)

where, € (v) is molar absorption coefficient at a given energy v (cm™), to be evaluated from Beer-Lambert law.

Under Gaussian Approximation, using Beer—Lambert law, the observed oscillator strengths of the absorption bands have been
experimentally calculated, using the modified relation [22].

o 1 l,
Pm=4.6 x10 X—I log TXADyz (2)
C

where c is the molar concentration of the absorbing ion per unit volume, | is the optical path length, logly/I is absorbtivity or optical
density and Avy, is half band width.

B. Judd-Ofelt Intensity Parameters
According to Judd [23] and Ofelt [24] theory, independently derived expression for the oscillator strength of the induced forced
electric dipole transitions between an initial J manifold | 4f" (S, L) 3> level and the terminal J' manifold | 4" (S',L") J' > is given

by:
8I1°mco 1 (n2+2)2
3h(2J+Yn| 9

X S(J , J') where,

©)
the line strength S (J, J) is given by the equation
S =€y <4 NS, L) I|uP 4 (s, L) r>2 4)
A=2,4,6

In the above equation m is the mass of an electron, c is the velocity of light, v is the wave number of the transition, h is Planck’s
constant, n is the refractive index, J and J' are the total angular momentum of the initial and final level respectively, Q, (A =2, 4 and
6) are known as Judd-Ofelt intensity parameters.
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C. Radiative Properties

The Q, parameters obtained using the absorption spectral results have been used to predict radiative properties such as spontaneous
emission probability (A) and radiative life time (tr), and laser parameters like fluorescence branching ratio (Bg) and stimulated
emission cross section (cp).

The spontaneous emission probability from initial manifold | 4" (S, L') J' > to a final manifold | 41" (S, L) J >| is given by:

ALS. L3SV =2E D sy )

3n(2)'+1)
Where, S (3, J) =* [ | U@ |12+ QuJU® ||+ a]|U®© ||

The fluorescence branching ratio for the transitions originating from a specific initial manifold | 4fY (S', L") I > to a final many
fold | 4f" (S, L) > is given by

BI(S, L) J;(S,L)I]= 5 A" D _ ©)

A[(S"L) (S L)]
SLJ

where, the sum is over all terminal manifolds.

The radiative life time is given by

T =2 A[(S, L) 35 (SL) ] = Azt (7)
SLJ

where, the sum is over all possible terminal manifolds. The stimulated emission cross -section for a transition from an initial
manifold | 4" (S', L") J' > to a final manifold | 4" (S, L) J >| is expressed as

0o(hy) = | | < ALY EDA ®)

where, 4,, the peak fluorescence wavelength of the emission band and A4, is the effective fluorescence line width.

D. Nephelauxetic Ratio (8") and Bonding Parameter (b*?)
The nature of the R-O bond is known by the Nephelauxetic Ratio (') and Bonding Parameters (b'/2), which are computed by using
following formulae [25, 26]. The Nephelauxetic Ratio is given by
1=
pr=2 (©)
where, v, and vy refer to the energies of the corresponding transition in the glass and free ion, respectively. The value of bonding
parameter ( b2 ) is given by

1q1/2

p/2=[FE] (10)
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V. RESULT AND DISCUSSION
A.  XRD Measurement
Figure 1 presents the XRD pattern of the samples containing show no sharp Bragg’s peak, but only a broad diffuse hump around
low angle region. This is the clear indication of amorphous nature with in the resolution limit of XRD instrument.

15%Er] 3

Intensity (arb. units)

20 30 40 50 60 70 80
260 (degree)
Fig.1: X-ray diffraction pattern of ZLLCBP (ER) glasses.

B. Transmittance Spectrum
The Transmittance spectrum of Er**doped in zinc lithium lead calcium borophosphate glass is shown in Figure 2.

1 3850m

T%

Wavelength (nm)

Fig. (2) Transmittance spectrum ZLLCBP ER (01) glass.

C. Absorption Spectra

The absorption spectra of ZLLCBP ER (01) glass, consists of absorption bands corresponding to the absorptions from the ground
state “ly5,, of Er** ions. Ten absorption bands have been observed from the ground state *I;5,, to excited states *ly1, “lo2, “Forz, “Saa,
Hy115, *Fa12, “Fsi2, *Fapa, “Hayp and “Gyyy, for Er** doped ZLLCBP ER (01) glass.

GLASS SPECIMEN
ZLLCBP ER (01)
GROUND STATE -l

Optical Density (0.D.) ——»

T | | | T T T
300 400 500 600 700 800 900 1000 1100

Wavelength (nm) ——»

Fig.3: Absorption spectra of ZLLCBP ER (01) glass.
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The experimental and calculated oscillator strengths for Er** ions in zinc lithium lead calcium borophosphate glasses are given in
Table 2

Table 2. Measured and calculated oscillator strength (P™ x 10*®) of Er®* ions in ZLLCBP glasses.

Energy level Glass ZLLCBP Glass ZLLCBP Glass ZLLCBP
52 (ERO1) (ER1.5) (ER02)

Pexp. I:)cal. Pexp. I:)cal. Pexp. I:)cal.

112 0.85 0.75 0.82 0.75 0.79 0.75

*lor2 0.47 0.15 0.42 0.15 0.40 0.15

*Forz 2.48 1.60 2.44 1.59 241 1.59

Sar2 0.35 0.68 0.31 0.69 0.27 0.68
“Hyyp, 6.45 2.37 6.42 2.37 6.39 2.38

*Far 5.65 2.36 5.62 2.38 5.58 2.36

*Fsrz 0.65 0.86 0.61 0.87 0.57 0.87

*Farz 0.31 0.53 0.26 0.54 0.23 0.53

Hg/, 1.66 1.01 1.61 1.02 1.59 0.99
G, 4.88 6.94 4.81 6.95 4.78 6.95

R.m.s.deviation 1.8233 1.8147 1.80625

The various energy interaction parameters like Slater-Condon parameters Fy (k=2, 4, 6), Lande' parameter & and Racah parameters
E¥(k=1, 2, 3) have been computed using partial regression method . The ratio of Racah parameters E*/E® and E%/E® are about 10.35
and 0.049 respectively. Computed values of Slater-Condon, Lande’, Racah, nephelauexetic ratio and bonding parameter for Er®*
doped ZLLCBP glass specimens are given in Table 3.

Table3. Computed values of Slater-Condon, Lande’, Racah, nephelauexetic ratio and bonding parameter for Er** doped ZLLCBP
glass specimens.

Parameter Free ion ZLLCBP ER01 ZLLCBP ERL5 ZLLCBP ER02
F,(cm™) 441.680 433.918 433.907 433.904
Fscm™) 68.327 67.045 67.048 67.046
Fe(cm™) 7.490 7.042 7.043 7.041
Eicm™) 2369.400 2414.744 2414.726 2414.774
E'(cm™) 6855.300 6662.232 6662.304 6661.928
E*(cm™) 32.126 31.342 31.340 31.339
E3cm™) 645.570 643.678 643.652 643.686
FulF, 0.15470 0.15451 0.15452 0.15452
Fe/F> 0.01696 0.016229 0.016231 0.016227
EYVE 10.61899 10.350263 10.351 10.350
E%/E 0.049764 0.04869185 0.048691 0.048687
B' 0.9956098 0.9956340 0.9955572
b’ 0.04685173 0.0467231 0.04713154

Judd-Ofelt intensity parameters €, (1 = 2, 4 and 6) were calculated by using the fitting approximation of the experimental oscillator
strengths to the calculated oscillator strengths with respect to their electric dipole contributions. In the present case the three Q;
parameters follow the trend Q, < Q, < Q.
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The values of Judd-Ofelt intensity parameters are given in Table 4.

Table 4. Judd-Ofelt intensity parameters for Er** doped ZLLCBP glass specimens.

Glass Specimen Q,(pm?) Q.(pm?) Qs(pm?) QuIQ6
ZLLCBP (ER01) 0.7524 0.3016 0.9877 0.305
ZLLCBP (ER1.5) 0.7605 0.2876 0.9975 0.288
ZLLCBP (ER02) 0.7618 0.2890 0.9899 0.292

D. Excitation Spectrum

The Excitation spectra of Er¥*doped ZLLCBP glass specimens have been presented in Figure 4 in terms of Excitation Intensity
versus wavelength. The excitation spectrum was recorded in the spectral region 300-600 nm fluorescence at 550nm having different
excitation band centered at 350,365, 381, 425, 450, 470and 515 nm are attributed to the 2Kis, “Goyo, G/, 2Goja, *Faj, *Fsjo and 2Hyy
transitions, respectively. The highest absorption level is “G,1.and is at 381nm.So this is to be chosen for excitation wavelength.

2 . GLASS SPECIMEN
Gua ZLLCBP (ER)

12000 Aemi = 550nm
10000
8000 —

6000 — G

Intensity (a.u.)

4000 —

2000 —

¢ T T T T T
300 350 400 450 500 550 600

Wavelength (nm) ———»

Fig.4: Excitation spectrum of ZLLCBP ER (01) glass.

E. Fluorescence Spectrum
The fluorescence spectrum of Er**doped in zinc lithium lead calcium borophosphate glass is shown in Figure 5. There are six broad
bands (4F7/2—>4|15/2), (2H11/2—>4|15/2),(453/2—>4|15/2),(4F9/2—>4|15/2),(4|11/2—>4|15/2)and(4|13/2—>4|15/2)r93p€CtiV€|y for glass specimens.
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Fig.5: Fluorescence spectrum of ZLLCBP ER (01) glass.
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Table 5. Emission peak wave lengths (1), radiative transition probability (Arg), branching ratio (Bg), stimulated emission
crosssection (o), and radiative life time (t) for various transitions in Er** doped ZLLCBP glasses.

Transition ZLLCBP ERO1 ZLLCBP ER 1.5 ZLLCBP ER 02
xmax Arad(s-l) B Op TR(HS) Arad(s-l) B Gp(lo-zo TR (},lS) Arad(s-l) B Op
(nm) (10® cm?) (10® ®
cm?) cm?) (10®
cm?
Fo s 485 | 2471.07 | 0.4203 0.5988 2491.04 0.4209 0.5861 2478.91 | 0.4202 0.5616
’H,,,—5 | 530 | 1354.28 | 0.2303 0.3790 1357.81 0.2294 0.3739 1361.11 | 0.2307 0.3635

2

Sayo—"lis | 550 | 1097.11 | 0.1866 | 0.2917 170.07 | 1110.77 | 0.1877 | 0.2910 168.99 | 1104.47 | 0.1872 0.2819 | 169.5

1
*Foo—"lisp | 657 | 729.66 | 0.1241 | 0.3442 727.66 0.1230 | 0.3372 725.79 | 0.1230 0.3304
*liyp—"lisp | 990 | 125.73 | 0.0214 | 0.3854 127.23 0.0215 | 0.3840 126.57 | 0.0215 0.3683
ligo—"lis | 1538 | 102.12 | 0.0174 | 1.3517 103.18 0.0174 | 1.3427 102.65 | 0.0174 1.2994
V. CONCLUSION

In the present study, the glass samples of composition (40-x):P,05:10Zn0:10Li,0:10Pb0:10Ca0:20B,05:XEr,0; (where x =1, 1.5,
2 mol %) have been prepared by melt-quenching method. The value of stimulated emission cross-section (o) is found to be
maximum for the transition (*l,3—"l15,,) for glass ZLLCBP (ER 01), suggesting that glass ZLLCBP (ER 01) is better compared to
the other two glass systems ZLLCBP (ER1.5) and ZLLCBP (ER02).
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