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ABSTRACT

Employing the melt quench method, the oxyfluoro tellurophosphate glasses (PTBMEr), doped with varying er-
bium concentrations, were prepared . Their physical, structural, optical, and luminescent characteristics were in-
vestigated using XRD, EDX, FTIR, absorption and Photoluminescence studies . The amorphous nature and ele-
mental composition were identified using the XRD and EDX spectra. The J-O parameters and radiative parame-
ters, including energy gap (AE), branching ratio (g), radiative lifetime (t,,4), and radiative transition probability
(AR), were established for different excited levels of erbium in PTBMEr glass matrices. The visible emission spec-
tra were acquired through excitation at a wavelength of 377 nm, resulting in a highly pronounced emission
band at 544 nm, corresponding to the transition *S, o= s ,»- The NIR emission spectra obtained through exci-
tation at 980 nm showed a prominent broad emission band at 1534 nm pertaining to the transition *I,5 /2—>4115 o
Within the set of prepared samples, the PTBMEr05 sample exhibits highest stimulated emission cross section of
0.75 x 102 cm? for the transition *S, /2—>4115 0. It also exbited superior parameters for the transition
4s, /2—>4115 /o including a stimulated emission crosssection of 1.19 x 102 ¢cm?, gain bandwidth of 64.87 x 10%
cm?®, and optical gain of 53.41 x 102* cm?s. Experimental lifetime values for the excited level *I;5 /o of erbium in
PTBMETr glasses were calculated and found to decrease with concentration due to non-radiative mechanisms and
concentration quenching. These results reflect that PTBMEr05 glass is best suited for green laser emission devices

and optical fiber communication windows.

1. Introduction

Compact lasers possessing spectral ranges of operation in the near-
infrared (up to 2 nm) and mid-infrared (2-5 nm) are useful for new-age
medical technologies, eye-safe light detection, and optical communica-
tion applications. Within the domain of material engineering and in-
frared photonics, various systems, ranging from luminescent materials
[1,2] to fiber-based sources [3] and optical devices, are influenced by
these factors [4]. Trivalent Er*" is considered a highly suitable option
for diode-pumped lasers that emit radiation in the near-infrared
(1500 nm) and mid-infrared (2700 nm) ranges because of the close
proximity of I3, and *I;5 , energy levels. In order to meet the needs of
increasingly sophisticated optical data-transmission services, wave-
length division multiplexing (WDM) systems need to be able to transmit
more data. It is crucial to achieve broad-spectrum optical amplification
that surpasses the conventional capabilities of erbium-doped fiber am-
plifiers (EDFA) within their operational window in order to optimize
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the utilization of silica-based optical fibers’ low-loss spectrum
(1300-1700 nm). The utility of broadband and/or tunable laser sources
functioning in the mid-infrared region (2-5 nm) for industrial and at-
mospheric applications, on the other hand, creates a vital requirement.
In glasses composed of inorganic materials with lower phonon energies,
the rates of non-radiative multiphonon relaxation are frequently dimin-
ished. For active fiber and mid-infrared emission applications, the low-
ered phonon energy and improved transparency of these glasses are
substantial benefits. Historically, practical implementations of mid-
infrared luminescence were limited to low-phonon non-oxide systems,
such as chalcogenide and fluoride, in addition to oxide systems includ-
ing tellurite, germanate, and bismuthate glasses. Fluoride fibers are still
limited in their application due to their poor chemical and mechanical
stability. It is widely accepted that mixed oxyfluoride glasses can be a
practical substitute for oxide and fluoride glasses in applications involv-
ing mid-infrared fibers. This is attributed to their ability to amalgamate
the excellent thermal stability and mechanical properties and thermal
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Fig. 1. The photograph of various concentrations of PTBMEr glasses.

Table 1
Physical features of PTBMEr glasses.

Physical properties PTBMEr05 PTBMErl0 PTBMErl5 PTBMEr20

Density (g / em®) 3.2182 3.2340 3.2850 3.3104
Thickness (cm) 0.39 0.40 0.39 0.38

Refractive index (n) 1.612 1.615 1.616 1.618

Dielectric constant (&) 2.586 2.598 2.611 2.617

Concentration N 0.1139 0.2270 0.343 0.4570
(mol/Itr)

Concentration N (ions / 0.686 1.367 2.066 2.752
c.c X 1020)

Reflection loss (%) 5.433 5.489 5.546 5.569

Molar volume V, 43.8982 43.8182 43.739 43.5575
(em® / mol)

Polaron Radius R, A% 9.84 7.82 6.81 6.19

Inter Ionic distance R; (AO) 24.42 19.41 16.91 15.37

Field strength F 3.097 4.906 6.469 7.830
(x10™ em™)

Molar Refractivity (cm_3) 15.260 15.292 15.284 15.261

Electronic Polarizability 6.04 6.06 6.058 6.048

(x10%* em®)

stability of oxide glasses with the enhanced radiation luminescent prop-
erties characteristic of fluoride glasses. Oxide glasses are enhanced by
fluoride modifiers in order to enhance radiative transition contribu-
tions and result in significant increases in rare earth ion spectroscopic
parameters, including luminescence lifetimes, stimulated emission
cross section, and quantum efficiency.

The synthesis of glass compositions with elevated phosphorus con-
tent in recent years has garnered significant interest in phosphate
glasses. Their attention is driven by the stability exhibited in chemical
reactions. Phosphate glasses were successfully applied to several fields
of materials due to their improved chemical stability [5-8]. There are
several fields of science involved in this, such as photonic materials,
biomedical materials, solid-state lasers using rare-earth ions, fast ionic
conductors, and hermetic seals [9]. Apart from their potential as suit-
able options for low-melting glasses, phosphate glasses are also attract-
ing interest because of their properties. Their glass transition tempera-
ture is low, their thermal expansion coefficient is appropriate, and their
viscosity is low [10]. The interaction of three adjacent PO, tetrahedra,
which are in vitrous P,Os, generates a three-dimensional network. Net-
work depolymerization occurs when oxide is introduced to P,Oj5 result-
ing in the formation of non-bridging oxygen and the fragmentation of
P-O linkages. Consequently, the modifying cations have the ability to
establish ionic cross-links between the non-bridging oxygen atoms of
two phosphate chains. This process enhances the binding between these
molecules, leading to increased chemical endurance and mechanical
strength in the glasses.

The primary aim of this study is to synthesize glasses and acquire a
comprehensive understanding of the physical, structural, and spectro-
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scopic characteristics of P,O5; + TeO, + BaCO; + MgF, doped with
Er’" ions, with the specific purpose of developing them for mid-
infrared applications.

2. Experimental techniques
2.1. Sample preparation

(60-x) P,05-10Te0,-15BaCO5-15MgF,-xEr,05 is the composition of
the glass under investigation. Where x represents the molar percentage
of Er,05 and takes on values of 0.5, 1, 1.5, and 2% mol. The resulting
structures are frequently referred to as PTBMEr05, PTBMEr10, PTB-
MEr15, and PTBMEr20, respectively. The glasses were prepared via the
melt quenching process. According to the aforementioned composi-
tions, constituent chemicals were precisely quantified for a batch of
20 g. In turn, the specimens were placed into the agate mortar and thor-
oughly homogenized until a uniform mixture was achieved. Then it was
shifted into a crucible made of alumina and placed inside a furnace,
where it underwent a heating procedure for a duration of 2 hours at a
temperature of 1100 °C. A molten liquid that was produced by the
process of heating was poured over a heated brass plate. The brass plate
was inserted into a distinct furnace that had been heated to a tempera-
ture of 375 °C through the process of annealing. The plate was then
maintained at the same temperature for 12 hours. The purpose of this
action was to mitigate strain and thermal stress. Following this, the re-
sulting glass samples underwent cooling until they reached ambient
temperature. Subsequently, the samples underwent a rigorous polish-
ing process in order to attain transparency and guarantee their pre-
paredness for the subsequent optical characterization procedure. The
photograph depicting the PTBMEr glasses that were obtained is pre-
sented in Fig. 1.

2.2. Characterizations

Utilizing monobromonapthalene as a contact liquid, the Abbe re-
fractometer was employed to ascertain the refractive index at a wave-
length of 589 nm. The capture of X-ray diffraction profiles was carried
out utilizing the RIGAKU X-ray diffractometer, which encompassed a
20 interval ranging from 10° to 80°. The FTIR spectra of the synthesized
glasses were obtained using the BRUKER ALPHA-II FTIR spectrometer,
which has a spectral resolution of 2 cm™ . The spectra were obtained
over a range of 500-4000 cm™'. The Oxford INCA FETX3 apparatus
was deployed for the purpose of accomplishing energy dispersive X-ray
(EDX) analysis. The UV-Vis-NIR spectrometer (JASCO model V-570)
and the FLS-980 FluoroLog-3 spectrometer were employed to measure
optical absorption spectra and photoluminescence spectra, respec-
tively.

3. Results and discussions
3.1. Physical properties

The computation of physical parameters like average molecular
weight, density, rare earth ion concentration, electronic polarizability,
inter-ionic distance, dielectric constant, reflection loss, field strength,
polaron radius, molar volume, and molar refractivity was done by em-
ploying the formulae documented in the existing literature [11,12].
The obtained values are outlined in Table 1. The rise in density is
marked by the substitution of low molecular weight P,O5 with Er,O3. A
reciprocal relationship can be seen between polaron radius and field
strength, in correlation with the literature [13,14].
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Fig. 3. EDX spectrum of PTBMEr05 glass.

3.2. Structural analysis

The XRD pattern forthe fabricated PTBMEr05 was documented and
displayed in Fig. 2. The absence of clear peaks in the pattern serves as
confirmation of the amorphous state of the prepared glasses [15,16]. In

order to validate the elemental composition, an energy dispersive X-ray
(EDX) spectrum was obtained for PTBMEr05 glass and is illustrated in
Fig. 3. Table 2 provides the weight percentages of constituent elements
and confirms the constituent elements of the glass composition. Fig. 4.
demonstrates the Differential Scanning Calorimetry (DSC) curve specif-
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Table 2
EDX measurements of element weights in PTBMEr05 glass.
Element Weight % Atomic %

OK 28.23 58.68
FK 0.09 0.16
Mg K 3.21 4.39
ErM 3.84 0.76
PK 24.13 25.91
TeL 15.17 3.95
BaL 25.33 6.14
Total 100 100

ically related to the PTBMEr05 sample. The graph reveals that the pre-
pared sample exhibited thermal stability and rigidity, as evidenced by
its thermal stability (AT) value of 152 °C.

Fig. 5. illustrates the FTIR spectra of PTBMEr glasses with complete
band assignments. These spectra were acquired with a spectral resolu-
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tion of 2 em™!, covering the range of 500-4000 cm™!. The recording
aimed to identify the specific groups. The tabulated Table 3 includes
band positions and their corresponding assignments.

3.3. Optical absorption analysis

Fig. 6 (a), (b) depicts the absorption spectra of PTBMEr glasses, en-
compassing various concentrations of erbium ions. Significantly, there
are 12 distinct bands that appear at wavelengths of 340, 360, 375, 403,
450, 484, 517, 541, 648, 798, 969, and 1528 nm. The peaks observed
are caused by the electronic transitions of erbium from the ground
state *I;5, to the excited states %Gy 5, *Gq/2, *G11/, 2Ho2, *Fs 2, *Fy o,
2119, *S3/20 *Foyos ‘g, 11,9, and *I;5,, respectively [24]. Within
these transitions, those from “I;5 5 to *Gy;, and ?H,, , exhibit intense
peaks, recognized as hypersensitive transitions. The selection criteria
specified in the reference are followed by these transitions [13].
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Fig. 4. DSC pattern of PTBMEr05 glass.
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Fig.5. FTIR spectra of PTBMEr glasses.
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Table 3
IR band assignments of PTBMEr glasses.

S.No Band Band assignment Reference
position
(em™)
1 545 O-P-O units and PO, modes of (PO5) [17]
Chains
2 640 Stretching modes of [TeO,] trigonal bipyramidal [18]
units with the bridging oxygen
3 730 Symmetric stretching mode of P-O-P chains [19,20]
4 960, 1086 Asymmetric stretching vibration of bridging oxygen [21]
atoms in P-O-P bonds and vibrations of
diphosphate units (PO3)
5 1646 P-O-H bridge [22]
6 2305, 2399 P-O-H stretching vibrations [22]
7 3388 Stretching of OH or water groups [23]

Using the recorded optical absorption spectra, we computed experi-
mental oscillatory strengths for diverse absorption transitions across all
concentrations, employing the formulae outlined in the literature [25,
26]. Employing Judd-Ofelt theory [27,28], oscillator strengths (f,)
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were evaluated and presented in Table 4, along with experimental os-
cillatory strengths (fexp). By least-square fitting of experimental and
calculated oscillator strengths, the Judd-Ofelt parameters (Q,, Q4, Q)
were determined [25]. The obtained J-O parameters were documented
in Table 5 and compared with previous reports. The observed trend fol-
lows Q, > Qg > Q,. The higher values of Q, suggest an increased level
of covalent bonding between 0% jons and Er®™ ions [37]. In contrast,
Q, values are modest. The results indicate that it supports a decline in
covalency in ¢ chemical bonds that exist among the ligand anions and
rare earth ions. Furthermore, the value of Qg is substantial, indicating a
considerable level of inflexibility in the metal-ligand bond donation,
specifically from some ligands possessing a tetrahedral structure such
as PO, [31].

3.4. Photoluminescence

3.4.1. Visible photoluminescence

To explore various possibilities for achieving green luminescence,
the excitation spectrum of PTBMEr05 glass was recorded within the
spectral range of 350-500 nm. The emission at 1534 nm was moni-
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Fig. 6. (a) UV-Visible, (b) NIR absorption spectra of PTBMEr glasses.
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Table 4
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Experimental (fcxp) and calculated (/) spectral intensities of erbium ions of various absorption bands in the PTBMEr glasses.

S.No Absorption transition Band positions Oscillator strengths x10®)
Wavelength (nm) Wavenumber (cm'l) PTBMEr05 PTBMEr10 PTBMErl5 PTBMEr20
Sexp Seal Sexp Seat Sexp Sea Sexp Seal
1 Lsj2 = Gy ) 340 29,411 1.172 0.898  1.325  1.117 1772 0761  1.091  0.890
2 Lsj2 = *Goys 360 27,778 0.794 1.057  1.447 1514 1131 0885  1.690 1296
3 sz = *Gi1s 375 26,667 18.163  18.155 33.741 33.423 17725 17.709 10.601 10.775
4 Ls)2 = 2Hos 403 24,814 2,515 2.95 3.208  3.860 1.044 2467 3774  3.760
5 Misn = sy 450 22,222 1.359 1.07 0762 0701 0.621 0862 0785  0.850
6 Misys = By 484 20,661 2.772 2,906 2450 2285 1538 0437 3214  3.926
7 M52 = Hyrjo 517 19,342 10.546  10.310  18.925 18.986 9.985  10.048 6.111  6.119
8 Ls/o = S/ 541 18,484 0.817 0.886  0.651  0.580 0.579 0714  0.394  1.222
9 Ls/o = "Foys 648 15,432 2.219 1.845 2081 2290 1934 1534 1700  0.235
10 4115/2 — 419/2 798 12,531 0.412 0.091 0.557 0.312 0.382 0.085 0.388 0.079
11 *Lg - Ty 969 10,319 1.439 1.073 0933 0932 1166 0900 1.396  1.318
12 g, - My 1528 6544 2.211 2141 1743  1.604 2971 1741 2983  2.853
Sms = 0.343 Sms = 0.239 Sms = 0.310 Syms = 0.671
Table 5 0.59 x 102° cm?, and 0.51 x 10%° cm?, respectively. Among the pre-

Comparison of J-O parameters Q, x 102° em? (. = 2, 4 and 6) in various
Er,05 doped glasses with PTBMEr glass samples.

S.No Glass host Q, Q, Qg Trend Ref
1 PTBMEr05 7.039 0.363 2181 Q, > Qg > Q, Present Work
2 PTBMEr10 12.805 1.423 1.520 Q, > Q4 > Q, Present Work
3 PTBMErl5 6.135 0.865 1.859 Q, > Qy > Q, Present Work
4 PTBMEr20 0.653 0.018 0.320 Q, > Qg > Q, Present Work
5 PANBK1.5Er 0.43 0.31 0.39 Q, > Qg > Q, [29]
6 PPbKANEr10 4.79 0.78 1.22 Q, > Qg > Q, [30]
7 PB1 1.2944 0.0157 0.6990 Q, > Q4 > Q, [31]
8 PB2 1.3810 0.0139 0.9704 Q, > Qg > Q, [31]
9 PB3 1.3471 0.0112 1.4000 Q, > Q4 > Q, [31]
10 PB4 1.3208 0.0111 1.5544 Q, > Q¢ > Q, [31]
11  PKAPbNEr10 4.79 0.79 1.22 Q, > Qg > Q, [32]
12 Li,B40:Er 12.07 2.40 3.87 Q> Q¢ >0, [33]
13 LBBPEO1 13.609 1.098 2610 Q, > Q> Q, [34]
14 LBBPEO3 11.339 1.178 2,729 Q, > Q¢ > Q, [34]
15 LBBPEO5 8.734 2.243 2700 Q, > Qg > Q, [34]
16  BaKAP 9.341 1.732 1.809 Q, > Qg > Q, [35]
17  LiZnLaAP 9.446 1.805 1.839 Q, > Qs > Q, [35]
18 LiMgLaAP 8.717 1.693 1.854 Q, > Qg > Q, [35]
19  LiZnLaAPF 11.74 2.030 2250 Q, > Q> Q, [35]
20 PKAZFEr05 7.11 0.97 2.37 Q, > Qg > Q, [36]
21  PKAZFEr10 8.23 1.04 1.91 Q, > Qg > Q, [36]

tored, and the obtained spectrum is presented in Fig. 7. The excitation
peaks in the spectrum manifest at positions 357, 365, 377, 406, 443,
450, and 488 nm, corresponding to the transitions of erbium ions from
the *I;5,, ground state to the 2G5, *Gq 5, *G11/2, 2Ho 2, *F3,a, *Fs», and
“F, /o excited states respectively. According to the spectrum analysis,
the excitation band with maximum intensity, centered at 377 nm, can
be effectively used as the excitation wavelength [17].

Fig. 8. showcases the visible photoluminescence spectra of PTBMEr
glasses, which were captured at 377 nm excitation and spanning the
wavelength range of 450-700 nm. Remarkably, two distinguishable
green emission bands are observable, with centers at 524 nm pertaining
to the transition Hy; ,— *I;5,, and 544 nm pertaining to the transition
s, /o s ,o. Further, there is an additional red emission band of low
intensity, which is centered at 654 nm, pertaining to the transition ‘Fs,
—*45,5 [17]. The radiative characteristics of PTBMEr glasses, including
the radiative transition probabilities (Ap), radiative lifetimes (t,,4), and
branching ratios (), were computed based on refractive index values
and J-O parameter values. The formulae outlined in the literature [34]
were employed to compute these parameters, which are detailed in
Table 6. For PTBMEr05, PTBMEr10, PTBMErl5, and PTBMEr20, the
stimulated emission cross section (o) values for the transition *S, /o
-5, are as follows: 0.75 x 102 cm? 0.45 x 102 cm?

pared samples, the PTBMEr05 sample demonstrates the greatest stimu-
lated emission cross section value for the transition *S;, —*1;5 5, signi-
fying that it can be used as a viable contender for green laser emission
devices [38].

3.4.2. NIR photoluminescence

Using an excitation wavelength of 980 nm, the synthesized sample’s
NIR photoluminescence spectra were acquired within the spectral
range of 1450-1650 nm. Fig. 9. highlights the obtained spectra. It has
been confirmed that there is a singular prominent emission band, cen-
tered at 1534 nm, pertaining to the transition *I;5,,—L;5 5. The slight
shift of the luminescent peak towards the red region is attributed to re-
absorption [39]. The radiative parameters for the transition
*I3/,—5,5, including radiative lifetime (t,4), radiative transition
probability (Ap), effective bandwidth (Ak.g), stimulated emission cross
section (Ggnmi), optical gain (on; X Trg), and gain bandwidth
(6emi X Algg), were assessed and outlined in Table 7. The analysis has
revealed that the PTBMEr05 glass has been determined to possess an
optimal optical gain value of 53.408 x 102 cm?s and a gain band-
width of 64.877 x 102’ cm3. This indicates that PTBMEr05 glass
stands out as a prominent candidate for the amplification process at
1.53 pm.

3.5. Decay lifetime analysis

Fig. 10. illustrates the decay curves of excited state *I;3,, of erbium
ions in PTBMEr glasses when excited at 980 nm. A uniform bi-
exponential pattern is observed in the decay profiles of every sample.
The experimental lifetimes for various concentrations were determined
using a formula available in the literature [40] and are presented in
Table 8. The reduction in experimental lifetime as the concentration in-
creases can be attributed to the presence of quenching centers and the
heightened non-radiative energy migration between erbium ions [45].

4. Conclusions

Erbium-doped Oxyfluoro telluro phosphate glasses were synthe-
sized, and a comprehensive examination was conducted to analyse
their structural, optical, and luminescent characteristics. the XRD study
reported that the synthesized samples were amorphous, and FTIR
analysis identified the presence of various structural units of tellurite
and phosphate. The optical absorption spectra were used to assess
Judd-Oflet (J-O) parameters and radiative parameters. A higher value
of Q, reports a decline in the covalency of the ¢ chemical bonds that ex-
ist among ligand anions and the rare earth ions. The emission spectra


http://s.no/
http://s.no/

B. Kiran Kumar et al.

Intensity (a.u)

Materials Today: Proceedings xxx (xxxx) 1-11

PTBMEr05

A emi = 1534 nm

4
Fzi2

T
450 500

Wavelength (nm)
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Fig. 8. Visible emission spectra of PTBMEr glasses.

revealed a pronounced green emission band (*S;,,—*1;5/,) and a strong
near-infrared (NIR) emission band (*I,5 o> s ,»). Under 980 nm exci-
tation, decay analysis was carried out for level *I; 5. It is observed that
the experimental lifetime value decreases with a rise in concentration.
Within the prepared samples, the PTBMEr05 sample stands out with
higher metrics, showcasing a gain bandwidth of 64.87 x 10"% cm®, a
stimulated emission cross section of 0.75 x 1020 cm? for *S;,,—*I;5,,
and 1.19 x 102 cm? for *I;, /o s 2, and an optical gain of
53.41 x 102* cm®S. These results reflect that PTBMEr05 glass is best
suited for green laser emission devices and optical fiber communication
windows.
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Table 6 Table 6 (continued)
Emission transitions (SLJ — S'L'J"), energy gap (AE, cm_l), radiative transi- Initial state Final state AE Ag Br T
tion probability (Ag, s‘l), branching ratios (Bg), and radiative life times (g, SLJ S
ms) of PTBMEr glasses. -
Initial state Final state AE Ag Br TR For 453/2 4F9/2 3061 0.83 0.0003
SLJ SLJ PTBMEr20
- Lo/ 5978  65.04 0.0264
. P M1y 8180  50.90 0.0207
For S/ Fo2 3057 1.06 0.0003 . . 8375 0.2775
PTBMEr05 1372 ’ ) ’
Lo/ 5934  83.32 0.0265 4 954
4 Lis/ 18, 1663.60 0.6751 405
L1 8187 6566  0.0209 405
Tis)a 11, 87157  0.2770 Forn ", 2017 539 0.0053
. 936 {9 5119 9280  0.0917
Lis/ 18, 212499 0.6753 317
480 s 8893  35.45 0.0350
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Fig. 9. NIR emission spectra of PTBMEr glasses.

Table 7
Comparison of radiative properties of the transition 4113 o> 4115 /o Of Er®* jons doped glasses with previously reported glasses.
S.No Glass sample Ap(nm) Ag Trad Adege (nm) Gemi Gemi X Alegr Gemi X Trad Ref
() (ms) (x10°cm?) (x10% em®) (x10%* em®s)

1 PTBMEr0S 1535.5 222.79 4.488 54.51 1.19 64.87 53.41 [present work]
2 PTBMEr10 1534 172.99 5.780 61.04 0.83 50.66 47.97 [present work]
3 PTBMEr15 1534 201.47 4.963 62.07 0.95 58.97 47.15 [present work]
4 PTBMEr20 1534.5 178.99 5.586 61.10 0.85 51.93 47.75 [present work]
5 PBaLaEr, , 1534 270.41 3.69 59 1.36 80.12 50.11 [17]
6 PNAEr7.0 1531 - 9.160 57 0.548 27.27 44.6 [30]
7 PNAEr8.0 1531 - 10.280 56 0.487 27.272 50.06 [30]
8 SALSFEr10 1530 250.4 3.99 63 1.16 73.08 46.28 [38]
9 OCBTEr1.0 1536 215.78 4.634 55.40 0.564 31.25 26.13 [41]
10 PKAZFEr10 1535 177.18 5.64 31 0.519 16.09 29.27 [42]
11 PBEr0.5 1531 151.26 4.48 26 0.99 25.74 44.35 [43]
12 PBErl1.0 1531 136.61 3.50 26.8 0.89 23.85 31.15 [43]
13 PBErl.5 1531 217.16 1.52 31.9 1.56 49.76 23.71 [43]
14 EDLP1 1530 246.63 2.75 27 0.845 22.81 23.23 [44]
15 EDLP2 1530 - 1.48 32 0.845 27.04 12.50 [44]
16 EDLP3 1530 - 0.85 335 0.845 28.31 12.51 [44]
17 EDLP4 1530 - 0.63 40 0.845 33.80 5.32 [44]
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Table 8
Comparison of fluorescent lifetime of 4113/2 excited level of Er** ions in PTB-
MEr glasses with other glasses doped with erbium.

S.No Sample Texp(ms) Ref
1 PTBMEr05 1.0556 Present Work
2 PTBMEr10 1.1009 Present Work
3 PTBMEr15 0.4385 Present Work
4 PTBMEr20 0.3414 Present Work
5 PBalLaFr, , 1.283 [17]
6 PPbKANEr2.0 1.26 [30]
7 PPbKANEr4.0 0.62 [30]
8 PPbKANEr1.0 1.69 [30]
9 Li,B,0,:Er0.5 0.390 [33]
10 Li,B,0,:Er1.0 0.393 [33]
11 LBBPEO1 1.04 [34]
12 LBBPEO3 1.01 [34]
13 LBBPEOS 0.90 [34]
14 PCfBfTiEr0.1 211 [39]
15 PCfBfTiEr0.5 0.91 [39]
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