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A B S T R A C T   

A series of glass compositions (60-x) B2O3–10TeO2–15BaCO3–15MgF2–xEr2O3 with diverse quantities of erbium 
ions (Er3+) was synthesized using the melt quenching method and the samples were subjected to thorough 
characterization to explore their optical and structural properties. In order to ascertain the amorphous nature of 
the glass and acquire a deeper understanding of its chemical bonding, conventional methods of characterization, 
such as X-ray diffraction and Fourier transform infrared spectroscopy, were utilized. The Judd-Ofelt intensity 
parameters were computed using the absorption spectra of glasses doped with Er3+, providing vital information 
about the local environment and coordination of Er3+ ions in the glass matrix. The glasses underwent the 
collection of near -infrared (NIR) emission spectra. Following this, an analysis was carried out to look into and 
understand the spectral properties, emission cross-section, and gain coefficient parameters of the glasses. The 
spectra obtained discernible characteristics, notably a significant near-infrared (NIR) band associated with the 
transition between the 4I13/2 and 4I15/2 states. This band was seen to have a central wavelength of 1530 nm. This 
emission band spanned the wavelengths commonly used in optical communication systems (S + C) -bands, 
making these glasses suitable candidates for applications such as wavelength division multiplexing (WDM). 
These results suggest that the boro-tellurite glass may have potential use in photonic devices designed for near- 
infrared applications, including optical communication systems.   

1. Introduction 

Recent breakthroughs have increased demand for glasses doped with 
rare earth (RE) elements for variety of photonic applications, laser 
technology, medical diagnosis, solar cells and optical communications. 
The heightened focus can be attributed mostly to the attractive luminous 
characteristics that have been observed in these materials notable 
throughout the visible and near-infrared (NIR) spectra [1]. The research 
has concentrated on identifying host matrices that possess key proper
ties such as mechanical durability, chemical stability, thermal diffu
sivity, thermal conductivity and low phonon energy. Finding suitable 
host materials that operate effectively in the infrared (IR) region is 
crucial to enhance luminescence efficiency. 

Borate glasses have gained recognition as a viable choice for 

photonic applications due to their distinctive characteristics, which 
encompasses a lower melting point, remarkable solubility of rare earth 
ions, favorable optical transparency, improved thermal stability and 
cost-effectiveness. The fundamental building blocks of borate glass 
networks consist of triangular [BO3] and tetrahedral [BO4] units. Sig
nificant alterations in the bonding interactions between oxygen and 
anions, specifically the metal-oxygen (M− O) bonds, as well as the 
transition from bridging to non-bridging oxygen (NBO) connections, 
have been discovered to have a notable impact on both structural 
configuration and optical characteristics of glass systems [2–5]. 
Furthermore, the comparatively elevated phonon energy exhibited by 
borate glass has the potential to detrimentally impact both the efficiency 
of luminescence and the lifetimes of fluorescence. To mitigate these 
effects, TeO2 is often introduced to increase the refractive index, reduce 
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hygroscopicity, and lower phonon energy [3–10]. Boro-tellurite glasses, 
therefore, exhibit desirable thermal and optical characteristics. The 
addition of alkaline oxides like BaCO3 to borate glasses can further 
modify the glass network, reducing phonon energy and enhancing 
structural stability [11,12]. The use of MgF4, which yields glass net
works including MgF4 tetrahedral units, has been found to augment the 
solubility of rare earth ions inside the glass matrix, while simultaneously 
reducing its viscosity. The use of fluorides into glass matrices has been 
widely recognized for its ability to enhance emission characteristics [13, 
14]. Hence, in this study, we have chosen to work with a composition 
comprising B2O3, TeO2, BaCO3 and MgF2. 

Among the RE elements, erbium stands out for its unique 1.53 μm 
emission within the NIR spectrum, long luminescence lifetime, narrow 
emission bandwidth and large absorption cross-section [15–17]. Despite 
the existence of prior studies on erbium-doped glasses, additional 
research must be carried out aimed at enhancing the structural, thermal 

and spectroscopic features of erbium-doped boro-tellurite glasses 
through compositional alterations. The present study involves the 
development of a novel series of erbium-doped boro-tellurite glasses, 
aiming to investigate their spectroscopic and luminescent properties. 
Thorough research and assessment have been carried out on crucial 
parameters, including Judd-Ofelt parameters, absorption cross-section, 
stimulated emission cross-section, gain bandwidth and lifetime. 

2. Experimental techniques 

2.1. Sample preparations 

In this study, diverse quantities of Er3+ ions were introduced into 
boro-tellurite glass matrices through the utilization of high quality (99.9 
%) chemical precursors. These precursors include barium carbonate 
(BaCO3), magnesium fluoride (MgF2), boron trioxide (B2O3), tellurium 
dioxide (TeO2) and erbium trioxide (Er2O3). The host glass composition 
is represented by (60-x) B2O3– 10 TeO2– 15BaCO3– 15 MgF2–x Er2O3, 
where x represents a variable concentration of Er3+ ions. A traditional 
melting and rapid cooling method was employed to fabricate the glasses; 
after which they were labeled accordingly for identification as follows;  

A) 59.9B2O3– 10TeO2– 15BaCO3– 15MgF2– 0.1 Er2O3:BTBMEr01  
B) 59.5B2O3– 10 TeO2– 15BaCO3– 15MgF2– 0.5 Er2O3: BTBMEr05  
C) 59B2O3– 10 TeO2– 15BaCO3– 15MgF2– 1Er2O3: BTBMEr10  
D) 58.5B2O3– 10 TeO2– 15BaCO3– 15MgF2– 1.5 Er2O3: BTBMEr15  
E) 58B2O3– 10 TeO2– 15BaCO3– 15MgF2– 2 Er2O3: BTBMEr20 

According to the above compositions, each constituent compound 
was carefully measured to a batch composition of 20 g. Subsequently, 
these compounds were finely pulverized using an agate mortar to pro
duce homogeneous powder. It was then undergoing a 90 min heating 
process at a temperature of 1200 ◦C, utilizing an alumina crucible 
positioned within a furnace chamber to obtain molten melt from the 
uniform powder. To reduce the occurrence of air bubbles and alleviate 

Fig. 1. The photograph of different concentration of Er-doped borotellurite glasses.  

Table 1 
Physical features of BTBMEr glasses.  

Physical properties BTBMEr01 BTBMEr05 BTBMEr10 BTBMEr15 BTBMEr20 

Density (g/cm3) 3.0476 3.2095 3.2123 3.2412 3.313 
Thickness (cm) 0.3891 0.4624 0.3896 0.3818 0.3766 
Refractive index (n) 1.653 1.654 1.655 1.656 1.657 
Dielectric constant (ϵ) 2.7324 2.7357 2.7390 2.7423 2.7456 
Concentration N (mol/lit) 0.0241 0.1200 0.2438 0.3760 0.5009 
Concentration N (ions/c.c × 1020) 0.29050 1.4456 2.9363 4.5297 6.6034 
Reflection loss (%) 354.1338 357.2756 360.4495 363.656 366.8956 
Molar volume Vm (cm3/mol) 42.4469 40.6283 40.9958 41.0296 40.5311 
Polaran Radius Rp (A0) 13.1115 7.6798 6.0642 5.2482 4.6285 
Inter Ionic distance Ri (A0) 32.5300 19.0539 15.0453 13.0210 11.4836 
Field strength F (×10− 14 cm− 2) 1.7451 5.0865 8.1580 10.8918 14.0033 
Molar Refractivity (cm− 3) 15.5386 14.8909 15.0438 15.0743 14.9090 
Electronic Polarizability ( × 10− 24 cm3) 6.16 5.90 5.96 5.97 5.91  

Fig. 2. XRD Spectrum of BTBMEr15glass sample.  
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mechanical stress, the liquid material was meticulously poured onto a 
sturdy brass plate that has been preheated. Following this, an extended 
annealing process at 450 ◦C was carried out, with the samples being 
annealed for a duration of 7 h. Subsequently, the prepared glass samples 
underwent cooling process, gradually reaching room temperature. The 
glass samples were subjected to a polishing procedure in order to ach
ieve uniform thickness. These samples were then utilized for various 
optical characterization techniques. Fig. 1 presents visual representa
tions of the aforementioned samples. 

2.2. Characterizations 

Archimedes method was employed to assess the density of the glass 
samples, with xylene serving as the immersion liquid [18,19]. Abbe’s 

Fig. 3. EDX spectrum of the BTBMEr15 glass.  

Table 2 
EDX measurements of element weights in BTBMEr15 glass.  

Element Weight % Atomic % 

B K 6.04 17.66 
O K 32.02 63.30 
Mg K 4.74 6.16 
TeL 12.62 3.13 
BaL 32.14 7.40 
ErL.  12.45 2.35 

Total 100 100  

Fig. 4. DSC pattern of BTBMEr15 glass sample.  

Fig. 5. FTIR spectra of BTBMEr glasses.  
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refractometer, operating at a sodium wavelength of 589 nm, was utilized 
to ascertain the refractive index. This process involved employing mono 
bromonaphtalene as the contact liquid. RIGAKU X-ray diffractometer 
was utilized to acquire X-ray diffraction (XRD) spectrum, spanning a 2θ 
range of 10◦-80◦.The EDAX analysis was conducted using the Oxford 
INCA FETX3 instrument. BRUKER ALPHA-II FTIR spectrometer, char
acterized by a 2 cm− 1 resolution, was employed for the acquisition of 
FTIR spectra. The measurement encompassed the frequency range from 
500 to 3000 cm− 1. The UV-VIS-NIR Spectrometer, namely the JASCO 
model V-570, was utilized to acquire the optical absorption spectra. The 
FLS-980 Fluorog-3 spectrometer was utilized for the collection of 

photoluminescence spectra. 

3. Results and discussions 

3.1. Physical properties 

The glass samples, which were prepared, underwent a comprehen
sive evaluation. Key physical characteristic, including average molecu
lar weight, density, refractive index (n), dielectric constant (ϵ), RE 
concentration (N), molar volume (Vm), polaron radius (Rp), reflection 
loss, inter ionic distance (Ri), molar refractivity, field strength (F) and 
electronic polarizability were assessed by using established formulae 
from the literature [20–22]. These findings have been compiled and 
presented in Table 1. The observed density trend in this investigation 
can be ascribed to the escalating concentration of Er2O3, resulting in a 
corresponding augmentation in the quantity of Er3+ ions within a 
certain volume unit. Consistent with previous studies in the literature 
[23,24]. It was observed that the refractive index exhibited an upward 
trend as the concentration of Er3+ ions increased. 

3.2. Structural analysis 

The XRD pattern depicted in Fig. 2 illustrates the absence of distinct 
peaks in the BTBMEr15 glass. The lack of distinct peaks observed in
dicates that the sample under investigation possesses a non-crystalline 
structure [25–27]. Fig. 3 presents an energy dispersive X-ray (EDX) 
spectrum for the BTBMEr15 glass, accompanied by a tabular represen
tation of the weight percentages of the component composition in 
Table 2. This observation provides evidence for the existence of the in
dividual components inside the composition of the glass. Fig. 4 illus
trates the Differential Scanning Calorimetry (DSC) curve of the 
BBMEr15 sample. The chart clearly illustrates that the glass transition 
temperature (Tg) is observed at a value of 596 ◦C. Whilst the crystalli
zation temperature (Tc) is observed at a value of 712 ◦C. The thermal 
stability of glass is typically defined as the difference between Tc and Tg 
[28]; 

ΔT=Tc–Tg (1) 

Generally, the greater the value of ΔT, the more stable the glass. In 
the case of BTBMEr15, the ΔT is 116 ◦C, at which BTBMEr15 is classified 
as stable glass [29]. These results confirm preparations of the samples 
yielded thermally stable and rigid glass [30,31]. 

In Fig. 5, the FTIR spectra of BTBMEr glasses were showcased. The 
spectral analysis encompassed a wavenumber spectrum of 500–3000 
cm− 1 with the objective of identifying the several distinct functional 

Fig. 6. (a) UV–Visible, (b)NIR absorption spectra of BTBMEr glasses.  

Table 3 
Experimental (ƒ exp) and calculated (ƒcal) spectral intensities of erbium ions of various absorption bands in the BTBMEr glass samples.  

S. 
No 

Absorption 
transition 

Band positions Oscillator strengths (x10− 6) 

BTBMEr01 BTBMEr05 BTBMEr10 BTBMEr15 BTBMEr20 

Wavelength 
(nm) 

Wavenumber 
(cm− 1) 

ƒ exp ƒcal ƒ exp ƒcal ƒ exp ƒcal ƒ exp ƒcal ƒ exp ƒcal 

1 4I15/2 → 2G7/2 356 28090 – – 0.4457 0.3866 0.4525 0.3645 0.4716 0.6687 1.4994 1.1163 
2 4I15/2 → 4G9/2 364 27472 0.7145 0.6268 0.5693 0.2082 0.7378 0.3002 1.0482 0.8272 1.3579 0.0544 
3 4I15/2 → 4G11/2 378 26455 10.5420 9.4862 5.2011 5.0001 6.7532 5.0564 5.1601 4.0556 4.7375 4.1865 
4 4I15/2 → 2H9/2 406 24630 0.6155 0.2831 0.6687 0.6692 0.8010 0.6012 1.2398 1.1659 1.9712 1.2463 
5 4I15/2 → 4F3/2 441 22676 – – 0.1137 0.3550 0.4230 0.1167 0.6240 0.1304 1.1048 0.7010 
6 4I15/2 → 4F5/2 450 22222 0.5012 0.0393 0.2829 0.1804 0.7854 0.2274 1.3063 1.0730 0.3008 0.6418 
7 4I15/2 → 4F7/2 488 20492 2.9793 1.0144 1.6072 0.4852 0.7935 0.7231 2.9069 1.5435 0.8179 1.1718 
8 4I15/2 → 2H11/2 521 19194 5.3542 4.3932 2.5515 2.3212 3.6292 3.34112 3.3672 2.6272 3.0804 2.6619 
9 4I15/2 → 4S3/2 542 18450 – – 0.1208 0.0520 0.5752 0.2982 0.8809 0.8325 1.5148 1.2917 
10 4I15/2 → 4F9/2 651 15361 – – 0.7181 0.6136 0.8331 0.7957 0.8952 0.8973 1.9383 1.6057 
11 4I15/2 → 4I9/2 795 12579 – – 0.1116 0.0534 0.1860 0.0466 0.1447 0.1028 0.3449 0.1854 
12 4I15/2 → 4I11/2 968 10331 13.4888 12.524 1.7597 0.9799 1.5362 0.6894 1.4338 0.9487 2.2780 1.5918 
13 4I15/2 → 4I13/2 1508 6631 1.1126 0.8624 1.1323 1.1269 1.4602 1.3992 2.2825 2.0222 3.9879 3.4048   

δrms = ± 0.307 δrms = ± 0.475 δrms = ± 0.472 δrms = ± 0.642 δrms = ± 0.330  
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groups present. The study identified six discrete positions that exhibited 
alignment with the band positions reported at 508, 684, 920, 1184, 
1239 and 1344 cm− 1. The band recorded at a wavenumber of around 
508 cm− 1 is linked to the stretching vibrations that takes place within 
the TeO3 pyramids [30,32]. The spectrum characteristic detected at a 
wavenumber of 684 cm− 1 is attributed to the bending vibrations of the 

Te–O bond found in both TeO3 and TeO6 structural units, as well as the 
flexing vibrations of O3B-O-BO3 [32–35]. The origin of the spectral 
bands detected at 920 and 1184 cm− 1 has been proposed to be attributed 
to the vibrational motion of Te–O–Te bonds, arising from the presence of 
non-equivalent Te–O bonds inside TeO3 molecular units [27,35]. The 
structural peak observed at a wavenumber of 1239 cm− 1 is associated 
with the stretching vibrations of B–O bonds in BO3 units. These units are 
found in both meta and ortho borate groups. The peak detected at a 
wavenumber of 1344 cm− 1 is attributed to the vibrational stretching of 
B–O bonds found in BO3 units that are connected with metaborate, pyro 
borate, and orthoborate groups [21]. The recognition of a prominent 
peak at around 800 cm− 1, which often linked to boroxol rings, is uni
versally accepted in pure borate. Nevertheless, this specific composition 
is devoid of said characteristic attribute. The lack of these structural 
elements within the glass is indicated by their absence. 

3.3. Optical absorption analysis 

The optical spectra observed in glasses doped with rare earth ele
ments arise from two absorption mechanisms. Intrinsic absorption is one 
of the first mechanisms across the range of wavelengths. An extrinsic 
absorption mechanism occurs when the rare earth ions undergo intra- 
electronic transitions, particularly within their 4f electron shell [27]. 
At standard room temperature, and spanning a wavelength range from 
300 to 1800 nm, Fig. 6 (a), (b) illustrates absorption spectra of the 
UV–visible and NIR regions for the boro -tellurite glasses that were 
prepared. The primary thirteen absorption peaks have been identified at 
wavelengths of 356, 364, 378, 406, 441, 450, 488, 521, 542, 651, 795, 
968, and 1508 nm. The observed spectral bands are associated with the 
electronic transition from ground state 4I15/2 to several excited states, 
namely 2G7/2,4G9/2, 4G11/2, 2H9/2, 4F3/2, 4F5/2, 4F7/2, 2H11/2, 4S3/2, 4F9/2, 
4I9/2, 4I11/2, and 4I13/2, respectively [36]. The transitions, more 
commonly known as hypersensitive transitions, are governed by certain 
selection rules: |ΔL|≤2, |ΔS| = 0, |ΔJ|≤2 [36]. As the transitions from 
4I15/2 to 2H11/2, and 4G11/2 meet the above criteria [12], these transi
tions can therefore be classified as hypersensitive. Variation in con
centrations of Er3+ ions within the host material can result in slight shift 
in the position of characteristic peaks and the intensity of absorption 
peaks. Different bonding environments surround Er3+ ions, resulting in 
these variations [37]. 

The experimental oscillator strength (ƒexp) was estimated by evalu
ating the spectral data and Judd-Ofelt (J-O) theory. An expression taken 
from the literature [38–41] was used to calculate the unified area under 

Table 4 
Comparison of J-O parameters (Ωλ x 10− 20 cm2) in various Er2O3 doped glasses 
with BTBMEr glass samples.  

Glass host Ω2 Ω4 Ω6 χ =
Ω₄/Ω₆ 

Trend Ref 

BTBMEr01 6.6658 2.0356 2.1201 0.9601 Ω2 >

Ω6> Ω4 

Present 
Work 

BTBMEr05 7.0369 2.1168 2.2018 0.9614 Ω2 >

Ω6> Ω4 

Present 
Work 

BTBMEr10 7.2802 2.1242 2.2420 0.9474 Ω2 >

Ω6> Ω4 

Present 
Work 

BTBMEr15 7.6046 2.1634 2.7880 0.7759 Ω2 >

Ω6> Ω4 

Present 
Work 

BTBMEr20 7.9266 2.5736 3.6218 0.7106 Ω2 >

Ω6> Ω 
Present 
Work 

BTNME4 3.60 1.32 1.82 0.7252 Ω2 >

Ω6> Ω4 

[16] 

SBNCEr05 6.69 3.08 3.28 0.9390 Ω2 >

Ω6> Ω4 

[20] 

LBBPE05 8.734 2.243 2.700 0.8307 Ω2 >

Ω6> Ω4 

[28] 

ErAg0.8-15 10.38 3.49 3.53 0.9887 Ω2 >

Ω6> Ω4 

[41] 

TZNEr10 5.98 1.32 1.47 0.8979 Ω2 >

Ω6> Ω4 

[42] 

TZN 5.757 1.106 1.299 0.8514 Ω2 >

Ω6> Ω4 

[44] 

KTFPEr10 5.086 0.693 1.453 0.4769 Ω2 >

Ω6> Ω4 

[45] 

NaTFPEr10 5.918 1.070 1.441 0.7425 Ω2 >

Ω6> Ω4 

[45] 

LiTFPEr10 4.697 1.210 1.296 0.9336 Ω2 >

Ω6> Ω4 

[45] 

LBTAFEr10 5.89 1.10 1.47 0.7482 Ω2 >

Ω6> Ω4 

[46] 

ZMBEr10 5.56 1.44 2.15 0.6697 Ω2 >

Ω6> Ω4 

[47] 

PKAPbEr10 4.79 0.79 1.22 0.6475 Ω2 >

Ω6> Ω4 

[48] 

LBZEr05 4.31 0.26 2.13 0.1220 Ω2 >

Ω6> Ω4 

[49]  

Fig. 7. NIR emission spectra of BTBMEr glasses under excitation of 980 nm diode laser.  
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each absorption peak. The calculation of oscillator strength values was 
carried out based on the expression derived from the existing literature, 
consistent with the principles of J-O theory [42]. To gauge the level of 
concordance between the experimentally determined and theoretically 
computed oscillator strengths, we offer root mean square deviation(rms) 

values [43]. This metric serves as a measure for assessing the accuracy of 
the alignment between these two datasets. For each of the prepared 
samples, we calculated the parameters ƒexp, ƒcal, and rms, and these re
sults are presented in Table 3. Notably, in comparison with other tran
sitions, hypersensitive transitions such as 4I15/2 to 2H11/2, 4G11/2 

Table 5 
The Comparison of radiative properties of the transition 4I13/2 → 4I15/2 of Er3+ ions doped glass with previously reported glasses.  

Glass sample λp(nm) τrad (ms) AR (s− 1) Δλeff(nm) σemi ( × 10− 20cm2) σemi X Δλeff ( × 10− 27 cm3) σemi X τrad ( × 10− 24 cm2s) Ref 

BTBMEr01 1530 3.161 310.34 74.45 1.541 114.73 48.71 [present work] 
BTBMEr05 1530 3.917 255.29 73.52 0.685 50.36 26.83 [present work] 
BTBMEr10 1530 3.737 267.55 75.56 1.216 91.88 45.44 [present work] 
BTBMEr15 1530 3.777 264.7 79.95 1.412 112.89 53.3 [present work] 
BTBMEr20 1530 2.532 394.94 77.45 2.256 174.72 57.12 [present work] 
OCBTEr1.0 1536 4.634 215.78 55.4033 0.564 31.25 26.13 [1] 
20Te10Er 1532 4.46 224 67 0.90 60.30 40.14 [12] 
49S15CfEr1 1535 5.71 175.24 56.32 0.918 51.70 52.42 [18] 
SBNCEr05 1530 6.63 306.6 86.89 0.947 82.20 62.79 [20] 
PKAlCaFEr10 1536 4.47 224 67 1.05 70.35 46.93 [51] 
SANSCEr10 1535 5.18 193 53 0.98 51.94 50.76 [52] 
SiPbFEr10 1536 9.4 106.4 60 0.74 44.40 69.56 [53] 
BBiLiKEr10 1533 7.05 141.89 81.21 0821 66.67 57.88 [54]  

Fig. 8. Absorption and emission cross-section profiles of BTBMEr glasses.  
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demonstrate elevated values for both ƒexp and ƒcal. 
The J-O intensity parameters (Ω2, Ω4, Ω6) for prepared BTBMEr 

glasses were assessed and are provided in Table 4. The aforementioned 
values have been compared to those found for previously reported 
erbium-doped materials. Specifically, the Ω2 values are found to have 
increased from 6.6678 to 7.9266 × 10− 20 cm2 increment of erbium ions 
concentration from 0.1 to 2.0 mol % and it followed the trend of Ω2>

Ω6> Ω4. A greater magnitude of Ω2 indicates a reduction in the level of 
symmetry in the proximity of Er3+ ions. On the other hand, Ω4,6 are 
linked to the long-range structural arrangement of the host glass, which 
pertains to the viscosity and stiffness of the glass matrix. For further 
context, Table 4 provides a comparative analysis of the J-O parameters 
with the values reported in the existing literature [42–50], offering in
sights into the distinctive characteristics of the erbium-doped bor
o-tellurite glasses investigated in this study in relation to existing 
research. Further spectroscopic quality factor (χ) for all the concentra
tions were calculated and presented in Table.4. It is used to predict the 
emissions strengths of various lasing transitions in glass matrix. The 
decrease in χ value with increase in concentration of erbium ions is 
related to the quenching of stimulated transition intensities [17]. 

3.4. NIR emission spectra and radiative parameters 

The BTBMEr glass samples were subjected to fluorescence spectros
copy, employing a 980 nm laser diode as the source of excitation within 
near-infrared region. The resulting spectra are presented in Fig. 7. The 
observed emission peak at 1530 nm can be ascribed to the transition of 
erbium ions from 4I13/2 to 4I15/2. When stimulated by a 980 nm laser, 
electrons within erbium ions undergo excitation, transitioning from 
their ground state 4I15/2 to their excited state 4I11/2 [51]. The process of 
multiphonon relaxation can enable this energy level to transition into 
state 4I13/2. Consequently, the electrons radiate back to their ground 
state, producing strong emission at 1530 nm in the process. It is of sig
nificance to observe that, in the present work, the near-infrared (NIR) 
emission peak remains unchanged as the concentration of erbium ions 
increases. However, the intensity slightly changes with concentrations, 
accompanied by a broadening of the spectral range. 

Analyzing the spectroscopic characteristics of a host matrix is 
essential for finding suitable active lasing media and broadband 

amplifiers. In this context, we have evaluated radiative characteristics, 
encompassing specific parameters such as radiative life time (τrad), 
emission peak position (λp), effective bandwidth (Δλeff), radiative 
transition probability (AR), stimulated emission cross-section (σemi), 
optical gain (σemi × τrad) and gain bandwidth (σemi × Δλeff). For our 
investigation, we focused on evaluating the radiative properties asso
ciated with the transition from 4I13/2 → 4I15/2 of Er3+ ions embedded in 
boro-tellurite glasses. The findings of this study have been documented 
in Table 5 and a comparative analysis has been conducted with the 
previously published results [52–55]. The examination of Table.5 in
dicates that the BTBMEr20 glass specimen demonstrates the highest 
emission cross-section, measuring 2.256 × 10− 20 cm2, and key param
eters such as Δλeff of 77.45 nm, gain bandwidth of 111.73 × 10− 27 cm3, 
and optical gain of 57.12 × 10− 24 cm2s. These results indicate that the 
BTBMEr20 glass sample holds great promise as a candidate for ampli
fication processes at a wavelength of 1.53 μm. 

3.5. Mc-Cumber theory and gain cross-section profiles 

The evaluation of absorption cross-section (σabs) for the transition 
4I15/2 to 4I13/2 of erbium ions in all the prepared samples is obtained 
from the following equation: 

σabs(λ) = 2.303
OD(λ)

Nl
(2) 

the symbol OD (λ) corresponds to the optical density, variable N 
denotes the erbium ions concentration within the glass, while l specifies 
the thickness of the glass specimen. Following the Mc-Cumber theory, 
we performed the computation of stimulated emission cross-section 
(σemi) for laser transitions from 4I13/2 to 4I15/2 across all specimens. The 
subsequent equation was employed for this purpose. 

σemi(λ )=σabs(λ) exp
(

ε − hcλ− 1

kT

)

(3) 

Here the symbol σabs(λ) represents absorption cross section, h marks 
the Planck constant, k denotes Boltzmann constant, while the parameter 
ε represents the minimum amount of free energy required for the tran
sition of erbium ions from 4I13/2 to 4I15/2 at a specific temperature T. 
Determination of ε can be accomplished using the methodology outlined 
in Ref. [56]. Fig. 8 illustrates the wavelength dependent trends of 
σabs(λ), σemi(λ) during the transition from 4I13/2 to 4I15/2 across all the 
glass compositions that were prepared. A subsequent comparison of 
these findings with data from alternative laser materials is detailed in 
Table 6. 

The profiles of gain cross-section (G) were acquired by employing the 
designated relationship as defined below [20]: 

G(λ, γ) = γσemi (λ) − (1 − γ)σabs (λ) (4) 

The parameter γ denotes the population inversion, which signifies 
the correlation between the erbium ions concentration specifically 
located at the lasing level 4I13/2 and the total erbium ions concentration 
existing in the glass material. Using previously computed values of 
σemi(λ), σabs (λ) and considering a range of γ values from 0 to 1 with an 
interval of 0.2, the profiles of gain cross-section were obtained for all the 
glass samples and are depicted in Fig. 9. 

Observations from Fig. 9 reveal that the gain cross section becomes 
positive when γ exceeds 0.5, reaching its peak at γ = 1 for all the sam
ples. Notably, the BTBMEr20 sample demonstrates the highest gain 
cross-section value, measuring 2.571 × 10− 20 cm2. Additionally, a sig
nificant positive gain response is observed in the wavelength ranges of 
1460–1530 nm (S band) and 1530–1565 nm (C band) This suggests the 
potential application of these samples as optical amplifiers within the S 
+ C communication window [12]. 

Table 6 
Absorption (4I15/2 → 4I13/2 ) and stimulated emission cross-section ( 4I13/2 → 
4I15/2 ) values of erbium ions (Er3+) across various materials.  

Composition σemi ( 
×

10− 20 

cm2) 

σ abs ( 
×

10− 20 

cm2) 

Ref. 

59.9 B2O3– 10TeO2–15BaCO3–15MgF2- 
0.1Er2O3 

1.751 2.019 Present 
Work 

59.5 B2O3– 10TeO2–15BaCO3–15MgF2- 
0.5Er2O3 

0.795 0.842 Present 
Work 

59 B2O3– 10TeO2–15BaCO3–15MgF2–1Er2O3 1.408 0.946 Present 
Work 

58.5 B2O3– 10TeO2–15BaCO3–15MgF2- 
1.5Er2O3 

1.618 1.745 Present 
Work 

58 B2O3– 10TeO2–15BaCO3–15MgF2–2Er2O3 2.571 2.653 Present 
Work 

TeO2–ZnO: Er3+ (2 mol %) 0.816 0.881 [57] 
74TeO2–10CdO–15WO3–Er2O3 0.64 0.69 [58] 
70TeO2–20ZnO–10PbO–Er2O3–5Yb2O3 0.8 0.877 [59] 
69.25TeO2–10ZnF2–20ZnO–0.75Er2O3 0.87 0.957 [60] 
15Ga2O3–75GeO2–10Na2O–0.5Er2O3 0.696 0.758 [61] 
50P2O5–30CaO–12Na2O–Al2O3–2AgO–Er2O3- 

4Yb2O3 

0.6 0.67 [62] 

80TeO2–10BaO–10La2O3–Er2O3 0.87 0.997 [63] 
70TeO2–5Li2O–20B2O3–5GeO2: Er2O3 (1 wt%), 

Yb2O3 (9 wt%) 
0.67 0.77 [64] 

75TeO2–20ZnO–4Na2O–1Er2O3 0.691 0.758 [65] 
75TeO2–20ZnO–3Na2O–2Er2O3 0.345 0.379 [65]  
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Fig. 9. Gain cross-section profiles of 4I13/2 → 4I15/2 transition of Er-doped telluroborate glasses.  
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Fig. 10. Photoluminescence decay curves of 4I13/2 → 4I15/2 transition under 980 nm laser excitation of Er-doped borotellurite glasses.  
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3.6. Decay lifetime analysis 

Fig. 10. Showcases the fluorescence decay profiles of Er3+ ions doped 
glass samples. These decay curves were observed at a wavelength of 980 
nm for excitation and a wavelength of 1530 nm for emission. To analyze 
the decay curves, a second-order exponential decay model was 
employed, which can be expressed as 

I (t)= I0 + A1e− t/τ1 + A2e− t/τ2 (5)  

In this equation, I(t) represents luminescence intensity at a given time t, 
additionally τ1,τ2 refers short and long decay components, while A1,A2 
are used as the corresponding intensity coefficients, while I0 is used to 
denote the background intensity [66]. 

The experimental lifetime τexp, is determined by employing the 
following relationship 

τexp =
A1τ2

1 + A2τ2
2

A1τ1 + A2τ2
(6) 

The τexp values that are determined that were determined are in 
Table 7. The τexp data demonstrate a decrease from 1.0 ms to 0.40 ms, 
indicating a concurrent rise in the erbium ions concentration from 0.5 to 
1.5 mol%. The decrease in the measured duration can be attributed to 
non-radiative mechanisms such as multiphonon relaxation, cross 
relaxation between pairs of erbium ions which can be understand 
through partial energy level diagram depicted in Fig. 11. Once the 
concentration exceeds 1.5 mol%, the τexp values begins to rise. This 
increase is believed to be caused by the interplay among the stimulated 
Er3+ ions. This pattern aligns with observations made in other glasses 
doped with Er3+ ions [17,22,30,67]. 

4. Conclusions 

In this study, we have explored erbium-doped boro-tellurite glasses 
for potential optoelectronic devices. A thorough investigation was 
conducted of the glasses’ physical, structural, thermal, and spectro
scopic properties. We conducted X-ray diffraction and EDX analyses on 
the prepared samples, revealing their amorphous nature, excellent 
thermal stability, and structural rigidity. Identification of functional 
groups in the samples was accomplished using FTIR spectroscopy. The 
Judd-Ofelt parameters exhibited intriguing variations, with the 
BTBMEr20 glass showcasing the greatest values (Ω2 = 7.926 × 10− 20 

cm2, Ω4 = 2.57 × 10− 20 cm2 and Ω6 = 3.62 × 10− 20 cm2). Under 980 nm 
laser excitation, NIR emission spectra spanning 1400–1600 nm were 
measured and the radiative characteristics of the 1530 nm peak per
taining to the transition from 4I13/2 to 4I15/2 of erbium ions were eval
uated. BTBMEr20 glass sample highlighted with an effective bandwidth 
(Δλeff) of 77.45 nm, gain bandwidth of 114.73 × 10− 27 cm3, and optical 
gain of 57.12 × 10− 24 cm2s. The prepared samples were also subjected 
to a photoluminescence decay analysis, offering valuable insights. The 
results suggest that BTBMEr20 glass holds promise as a possible candi
date for enhancing and amplifying optical signals at a wavelength 1.53 
μm. 

Table 7 
Comparison of fluorescence lifetime of 4I13/2 excited level of Er3+ ions in 
BTBMEr glasses with erbium-doped other glasses.  

Sample τexp(ms) Ref 

BTBMEr01 2.453 Present Work 
BTBMEr05 3.215 Present Work 
BTBMEr10 3.141 Present Work 
BTBMEr15 3.254 Present Work 
BTBMEr20 2.356 Present Work 
20Te0.5Er 0.525 [12] 
20Te1Er 0.315 [12] 
20Te2Er 0.234 [12] 
20Te4Er 0.094 [12] 
SBNCEr0.05 6.94 [20] 
SBNCEr01 6.61 [20] 
SBNCEr05 5.46 [20] 
SBNCEr10 5.44 [20] 
SBNCEr20 2.74 [20] 
LBBPE01 1.04 [28] 
LBBPE03 1.01 [28] 
LBBPE05 0.90 [22] 
Er:SrTP 0.402 [56] 
Er:MgTP 0.360 [56] 
Er:CaTP 0.338 [56]  

Fig. 11. Partial energy level diagram of 4I13/2 → 4I15/2 transition under 980 nm laser excitation of Er-doped borotellurite glasses.  
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