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1. Introduction

In last few decades, trivalent lanthanide (Ln®>*) ions doped glasses
former have been widely studied due to their importance in several ap-
plications/such as telecommtinication, solid-state laser, optical sensors,
and optical amplifier [1,2]. Numerous/publications'have reported lan-
thanide group doped borate-based glass such asEuropitm (Ed>7)/[3];
Neodymium (Nd*) [4], Samarium (Sm>*+) {5], Dysprosium (Dy>")
[6], and Exbium (Er**) [7]-Among,thoselvarious Lo® *“ions group, Er’
* ions doped borate glass containing other madifiers'is-ene of most in-
teresting work for laser application [8]. Moreover, Er*" ions doped
glasses also have a great potential to be used as optical amplifier due
to strong emission band from “l;3/, — “I;5, transition. In addition, a
wide range of wavelength at infrared region about 1350-1650 nm
also makes it a good candidate for laser infrared.

Glass former based on borate (B,0s) is one of the excellent glass for-
mer and the most famous one. It has outstanding properties such as
high transparency, high chemical durability, good thermal stability, ho-
mogeneity, easy to prepare, and relatively low melting point [9-12]. The
homogeneous mixture of dopant ions in the glass former usually can be
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enhanced by adding another constituent so-called network modifiers.
There are several network modifiers that had been used such as sodium
oxide (Na,0), aluminum oxide (Aly03), lead oxide (PbO), zinc oxide
(Zn0), bismuth oxide (Bi,03) anddithium/oxide (Li,O) [13]. The addi-
tion of those/metal oxide modifiers'to the glass former could affect the
fundamental network of its glass. This alse could lead to improve the
stability, inhibit'the moisture-and lower the temperature process [14].
For ‘example;“lithium oxide, can strengthen the’ strictural bonding
through the formation of ionic bonds with oxygen(non-bridging oxy-
gen) and is able to reduce the basic hygroscopic of borate glass. Sodium
oxide (Na,0) has arole to expand the homogenization and decrease the
melting point. On the other side, ZnO can enhance the optical and struc-
tural properties when it is mixed into a glass former. It is also well
known that PbO acts as network former and is capable to increase the
glass conductivity. Therefore, the optimum properties a glass can be
achieved by mixing several network modifiers with a proper composi-
tion. Several researchers have reported their works on Ln>" ion doped
borate glasses such as Er>™ doped lithium zinc borate [15], 60Bi,03-
20B,05-(20-x)Gay05-xEr,05 [16], Dy>**/Sm** doped 44.5ZnO-
15Pb0—40B203 [17], and 27L120— 3A1203_(70-X)B203-X Dy203 [18]
They considered that those glass systems can be used for high energy
solid state laser, light source for heavy bluish yellow color, highly lumi-
nescent Opt. Mater. and suitable for White-LED.
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Fig. 1. Infrared spectra of Er** dopéd SOdIU@I‘ borate glasses system.

In this present work, we stlidy str 1 and spectroscopic proper-
ties of Er>* doped borate glasses co g several modifiers such as
Na,0, PbO, ZnO and Li,O with diffe Er** ion concentrations. The
structural properties were inyestiga X-ray diffraction (XRD) and
Fourier Transform Infrared (FTIR). bsorption and luminescence
spectra of glass samples werejmeasur determine the spectroscopic
properties. The Judd-Ofelt pa amete%calculated based on absorp-
tion spectra. Furthermore, radiative p rties including effective band-
width (ANeg), radiative transitig (@ y (Ar), radiative life time
(Tr), and branching ratio (Bg) were al culated and analyzed. We

found that Er** ion doped sodiurh lithium borate glass significantly en-
hanced optical absorption, luminesce emiss'@spectra and spectro-

Transmittance (%)

N
/AN
/™

scopic properties.

2. Experimental

All the raw powder materials of B,O3 (9999%, Ajax FineN t’

Ltd), Na0 (99.95%, Sigma-Aldrich), PbO (99.7%, Aesos Organics), ZnO
(99.99%, Acros Organics), Li,O (99.99%, Acros Orga and Er,03
(99.99%, Sigma-Aldrich) with analytical grade) were directly usead™wi
out any treatment.

Er®* ion doped sodium lithium borate glass was prepared based on
chemical composition:

(65—x)B, 05 —15Na,0—410PbO—5Zn0 —5Li, 0 =xEr, 03

where x = 0, 0.05,0.14/0.5, 1.0, 2.0and 4.0.mol%, and denoted as LiBET,
LiBEr1, LiBEr2, LiBEr3; LiBEr4, LiBEr5;and LiBEr6, respectively.The glass
samples were-fabricated by the conventional/melt-quenchimethod, as
follows. 20 g of raw materials were mixed to obtain the homogeneous
compound and placed to alumina crucible. Then, the alumina crucible
was transferred to an electric furnace and heated at 1100 °C for 4 h. Sub-
sequently, the melts were poured into a stainless steel plate to obtain a
shape. After that, the glass was annealed at 350 °C for 3 h in another
electric furnace. Finally, after cooling down to room temperature, the
as-prepared sample was cut and polished before being used for
measurements.

Table 1
Peak positions and FTIR assignments of Er>* doped sodium lithium borate glass.

X-ray diffraction (XRD) patterns were recorded by LabX XRD-6100
(Shimadzu). A Cary 630 Fourier Transform Infrared (FTIR) spectrometer
was performed to study the structural properties of samples. The ab-
sorption spectra were recorded at a range of 300-1700 nm by UV-
Vis-NIR spectrophotometer (UV-3600 Shimadzu). Based upon absorp-
tion spectra, the optical band gap energy (E,,) of the sample was calcu-
lated by Tauc's plots. The fluorescence spectra in the near-infrared
region were evaluated by using PTI Quanta Master series (QM-300)
spectrofluorometer with a pulsed xenon lamp as the light source. To fur-

dy the spectroscopic properties, the Judd-Ofelt intensity param-
eter was condueted. The radiative properties of samples were obtained
1etlcal calculagion.

ssion
3.1. Structural ana

To study the struc( | propefities of glass samples, Fourier-
Transform Infrared (FTIR) werg performed at range wavenum-
ber of 600ite. 1600 cm ™', %n in Ffer1. It is clearly observed that
there is a slight difference eak position between un-doped and
doped with EF2However, a ping with more Er** concentration
(beyond 0.05% mol) all peaksiappear more clearly compared to un-
doped (LiBEr1),/The peak abs bands related to vibration modes
of Er** doped sodium lithimrate lasses are summarized in
Table1. The FTIR spectrumof the glass sample consists of three main vi-
bration band which is consiﬁﬁ(o bordate network in the previous
studies [19,20]. Those, vibration band Are located at wavenumber
range.1178-1202,cm ! (Ak—lo cm~!(B) and 823-842 cm™!
(€). Each vibration band ca xplained as follows. The first vibration
band at wavenumber of 1178-1202 ¢
metric stretching of the.B=—0 vibrations in triangular BO5 unit as has
been widely suggested any authors [20,21]. The second vibration
band located at 1042-1052 cm™ ! #egion is attributed from the presence
of B—O ho tching of tetsdhedral BO4 units [22]. Lastly, vibration
band é;— cm™ ! regigh indicates the bending vibration B—O—B

ari orate groups [23]. This band also known as the oxygen brid-
ges between one tegFdgoral unit and one trigonal boron atom. X-ray dif-
fractometer wia$ performed to further study the structural properties of
oped sodium lithium borate glass. Fig. 2 exhibits X-ray diffrac-
tion patterns of Er>* doped sodium lithium borate glasses with different
Er>" ions concentrations. All samples have the similar shape and broad
diffraction peéaks at27° and 44°. Those broad peaks indicate that all sam-
ples,are amorphous nature and do not'have/anyscrystalline phase.

~Iregion is assigned as asym-

I O

3.2. UV-Vis-NIR absorption spectra

The optical absorption spectra of undoped and Er>**jon doped so-
dium lithium borate glasses were evaluated at UV-Vis-NIR region.
Fig. 3 depicts optical absorption spectra of undoped and Er>* doped bo-
rate glasses at UV-Vis-NIR region. It can be clearly seen that several
peaks absorption band appear at 365, 380, 407, 451, 489, 521, 543,
652,797,974 and 1528 nm. Those peaks correspond to energy transi-
tion from the ground state “I;5/, to the higher energy states of “Gg/a,
G1172. *Hopa, *Fs o, *Frp2, Hi1 /2, *S312, Fora, Yloja, *li1/2 and *ly3 2, respec-
tively. There are three absorptions at near-infrared (NIR) wavelength
with the wavelength of 797, 974 and 1528 nm. However, the highest

Peak LiBEr1 LiBEr2 LiBEr3 LiBEr4 LiBEr5 LiBEr6 Assignments
(ecm™") (cm™") (cm™") (ecm™") (ecm™") (ecm™")
A 1178 1181 1185 1185 1202 1185 Asymmetric stretching of the B—O vibrations in triangular BO3 units
B 1030 1030 1042 1046 1052 1030 B—O bond stretching of tetrahedral BO,4 units
C 835 823 842 838 833 835 Bending vibration of B—O—B in various borate groups
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Fig. 2. X-ray diffraction pattern of Er3f doped i ithium borate glasses system.

optical absorption is found af band ionfrom ‘155 = ’Hyy nwitha
wavelength of 1528 nm. Fig/3 also wts that the addition of Er,05 to
lithium borate glass significantly eases absorption at UV-Vis-NIR
region.
One of the important propertigs,to,study the effect of abserption is
optical band gap energy (E,). In thisgegard, absorption edge is.very
helpful to investigate the optical t%ons and.electronic band struc-
ture of a material [24]. Therefore, alculate the optical band gap en-
ergy (E,), the Tauc's plot was,cond as shownin Fig. 4 and Fig. 5
for direct and indirect band gap ener spectively. The linear extrap-
olation results of direct and indirect of Er>* ion doped sodium lithium
borate glass are summarized imyTable 2. 1 be seen that the band
gap value for direct transitionyslightly; reases from 3.800 to
3.735 eV for LiBEr (undoped Er**+) t&\LiBEr1 (0.05 mol%Er>T). However,
further increasing the Er>* concentration from LIB@LI Eré sam-
ples, the direct band gap energies dlso increas 35 to
3.824 eV. In the same trend also occurs fog indirect band
value for undoped Er®™ (3.186 eV) is slieT igher than LlBEll
(0.05 mol% Er**) with band gap of 3.049 eV. Wheteas, for LiBEr1 to
LiBEr5 samples, the indirect E, relative increases with incred
ion concentration. However, the band gap of LiBEr6 slightly decreases
by 0.012 eV with the addition of Er** concentration from 2.0 mol% to
4.0 mol%. These conditions felated to change in glass compositions

and structure in the local environment configuration of the glass former
[25].

3.3. Spectral intensities and intensity parameters

The experimental oscillator strength (f.x,) and calculation oscillator
strengths (f.q) can be determined by using Eq. (1) and Eq. (2) [26], re-

spectively:
8« 1070 / e(v)dv 1)

g‘@ Snzh 9n +1 Z QA‘WJ"UA““'/

Table 3 provid of calgulated and experimental oscillator
strength (f.y and feﬁ)r absorption transition of LiBEr3, LiBEr4,
LiBEr5 and LiBEr6. We that thansition *I;s;, — Gy, and g5z
— 2Hy{Jpwith wavelen%% and*521 nm, respectively, have the
highest absorptionfcompared with dther transitions. The oscillator
strength for those transiticmmW in Table 3 also prove to be the
highest values compared her tfansitions. The transitions *I;s;
= 1Gyygand flyspp — 2Hyipn called hypersensitive transitions be-
cause of changes in the local ture of the glass network. The hyper-
sensitive transition obeys tﬁadric- ole selection rules IALI £ 2, IAJ

exp —

@)

<2and AS = 0[27,28] that esses the interaction strength of EF*
dopant ion with host glass_in the local'structure. It can be seen clearly
from Table 3 that both C%d and experimental oscillator strength
values significantly decre ith indreasing the Er>* ion concentration.
The highest calculated and experimental oscillator strength at band
transition “I;s,, — * are 32.174< 10~ % and 33.76 x 10~ ° for LiBEr3
sample. The root m quare deviation (8,ms x 107°) was also con-
ducted to validate the spectrupd intensity quality by fitting experimen-
tal ated oscillater strengths. The reliable calculation is
ﬂéi e small rm$ deviations value. The maximum and mini-
u s deviations are 1.82 x 10~° and 0.753 x 10~ for LiBEr3 and
LiBEr6, respectiw€ly. Overall, the rms deviation values of LiBEr3,
LiBEr4, LiBEf5 and LiBEr6 are in the agreement limit.
e Judd-Ofelt intensity parameter (£, 46) Was calculated based on
Eq. (3) [26] through the least-square fitting method to understand the
local structure of Er>* doped sodium lithium borate glasses. The values
O, 45 of LiBEr3,/LiBEr4, LiBEr5 and/LiBEr6 fogether with several other
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Fig. 3. Optical absorption spectra of Er>* doped sodium lithium borate glasses system at UV-Vis-NIR range.
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ions Wed in Table4. The three in-

, LiBEn4,and LiBEr5 'samples follow the
e simi end to Er** doped BSGdCa

similar glasses containing Er’
tensity parameters for LiBET
trend O, > Q4 > Qg, which a
glass [29], Er’ " doped lithiu
and Er** doped PBS [31].
trend as following Q4 > Q, >

-bora ss [30], Er* " doped PB glass
ereas for LiBEr6 sample has a.different
6 andﬂnilar to reported glass in the

erved the maximum param-
ini £0.013 x 1072° em? corre-
para s, respectively, for LiBEr3

Er’™ ion and covalent bonding between Er’* E’ois with the local envi-

eter of 8.72 x 10~ 2° cm? and the
sponding to (), and (g intensi

ronment ligands of the host matrix gla rve that with increas-
ing the Er*™ ion concentrations from th mol% lead to decrease

higher intensitypa erf
of O, and Q4 but lower Qg can be considered asjthe good host glasssHo!
glass with the highly covalent bond of Er>* iorrand,Jocal environment
ligand have high luminescence intensity ratio [34]. The @sand Q¢ JO in-
tensity are long-range variables, usually the value of ()¢ paranietersie
lated to the rigidity of host matrix. The (g parameter values increase
from 0.013 x 1072°t0 0.91 x 10~2° cm? by increasing the Er>* concen-
trations from the 0.5 to 4mol%. It indicates that LiBEr6 has higher rigid-
ity compared“to other samples. While the Q4 JO intensity is the

600.0
—LiBEr
500.0 ——LiBErl
’ ——LiBEr2
——LiBEr3
e 400.0 ——LiBEr4
TE ——LiBEr5
o = [iBEr6
> 300.0
<
PN
Z 2000
3
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0.0 o :
3.0 32 3.4 3.6 3.8 4.0 42

Optical bandgap energy, hv(eV)

Fig. 5. Tauc's plot for direct band gap energy of Er> "doped sodium lithium Borat glasses
doped.

Table 2
Direct and indirect optical band gap energy.
Samples Direct Eg Indirect Eg
(eV) (eV)
LiBEr_0 3.800 3.186
LiBEr_1 3.735 3.049
LiBEr_2 3.753 3.117
LiBEr_3 3.756 3.127
LiBEr_4 3.764 3.199
3.780 3.216
3.824 3.204
h depends on Qg and Q, [35].
3)

3.4. NIR emission spectra

The near-infraréd lumine of Ef " ion doped sodium lithium
borate glasses system was o d under excitation wavelength of
528mnm and 975 nm. Fig. 6 show e emission of Er** ion doped lith-
ium borate glass by excitation
spectra located at 1532 nm corresponding to 4F5 = s > transition.
The NIR luminescence spect@he recofded by an excitation wave-
length.of 976 nm and show ig. 7. The emission peak of LiBEr4
glass located at:1525 nm w is slightly shifted to the lower wave-
length. However, for other ses, the emission is found at 1542 nm
with shifting to a higher wavelength. The luminescence intensity is ob-
served increasing with the addition offEr> ™ ion concentration from 0.05
to 1.0 mol%. Further inﬁng Er?* jon concentration >1.0 mol% the lu-
minescence spectra gral y decp€ases. The highest emission intensity
was found mple 1 mol% be

The reasongfor different peak profile and intensity of
local ligand fields around Er>™ sites [16].

under the excitation wavelength of

582 a 7
r is related to the
oping Er** withsdifférent concentration into borate host glass, the

ate”(B,03) decreases which causes the changing of local
3 dnear the Er> ™ sites. The similar phenomenon was also re-
ported in the previous study [36]. The other possible factor is due to ef-
fect of radiation trapping [37].

Generally; the *Iy5, = %3/, transition hasthe broader bandwidth,
definéd as/ANegr and associate to the electri¢ and magnetic dipoles by
Sed/(Seda +'Smd) Value [38]. The meastired luminescence spectra of the
Er’ T doped sodium lithium borate glasses were used to determine spec-
troscopic parameters such/as effective bandwidth (ANgg); radiative
transition probability (Ag), and stimulated emission cross section (Oe).
The stimulated emission cross-section for NIR region of Er** doped so-
dium lithium borate glass is evaluated by using belowequation:

)\4 !y
Oe :m/ﬁ [1!/]1//.” (4)

where N, is the emission peak wavelength, Ag[¥J, W]’ is radiative tran-
sition probability respectively and ANgy is effective luminescence
linewidth which can be obtained through formula [39]:

JRNIN

Mgy =+

(5)

where I is the average intensity of the integrated area.

Table 5 lists the radiative properties including emission emission
peak wavelength (\;), effective bandwidth (ANes), emission cross-
section (0e(Np), branching ratio (Br), lifetime (7g), radiative transition
probability (Ag) and FOM (FWHM x o¢) of Er** ion doped sodium
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Table 3

Experimental (fexp) and theoretical (fea) oscillator strength values (x107°) for various Er**-doped sodium lithium borate glass systems.
Transitions Aabs Energy LiBEr3 LiBEr4 LiBEr5 LiBEr6
R it - -
4115/2_’ (nm) (Cm ) fexp fcal ﬁexp fcal fexp fcal ﬁexp fcal
4G9/2 365 27,397.26 4.48 6.66 3.88 5.67 2.98 243 3.44 3.45
G112 380 26,315.79 3217 33.76 25.48 26.49 15.18 15.30 9.39 9.49
ZHg/Z 407 24,570.02 231 0.47 248 0.47 1.75 0.65 1.39 0.25
4F5/2 451 22,172.95 335 0.01 3.38 0.06 1.81 0.44 1.69 0.01
4F7/2 489 20,449.90 6.34 3.04 5.46 2.72 3.23 212 2.85 1.58
Hy, ) 521 19,193.86 05 15.06 8.75 8.68 5.52 541
453/2 543 18,416.21 0.31 0.36 0.50 0.01
4Fg/2 652 15,337.42 3.06 3.27 4.16 4.27
oy 797 12,547.05 0.95 0.70 1.17 1.13
11 2 974 0.49 0.32 0.03
4113/2 1528 1.14 0.06 0.42
rms deviation +0.753

lithium borate glass together 0 ison data from other reports.
From Table 5 can be seen that effec andwidth properties signifi-
cantly increase from 91.12to 98.3 sample LiBEr3'to LiBEr4. The
slight increasement of 1.6 wd for sample LiBEr5 compared
to LiBEr4. However, the effective bandwidth of LiBEr6 with a value of
100.34 nm is close to that LiBEr5. fective bandwidth of this pres-
ent work is much higher than sev@revious studies as listed also in
the Table 5.

The full width at half ma imur@lHM) is an important property
to know the possibility offoptica nnels in enhancing signal for
wavelength-division multiplexing ( systems [40]. In Table 5, we
observe that the FWHM value§ incr rom 97.79 nm to 104.86 nm
when Er*" ion concentrations'increase from 0.5 to 2.0 mol%. However,
further increasing the Er>* ions oncentrat@(i 4 mol% the FWHM de-

crease to 95.64 nm. Those FWHM values igher than other Er’> "
doped lead zinc borate (Er**-2PBQ-4Zn0-5B,05) [41]. The FWHM
and effective bandwidth broadness the additio@r3+ ion con-
centration might be caused by two matu, factors. F S ifyyof;
glass structure after doping with Er*>* leads'%o decreasing t 3 ¢ON-
tent which results of enhancing inhomogen@ broadening [42]. To
support this statement, Xu et al. [43] reported that the HM broad-
ness proportional to the line strength of electric dipole“transiti
(Seq)- The value of Seq for *I3/, — 115/, transition according to equation
in ref. [44] strongly depends on Qg intensity parameter as the most
dominant factor and.it'can be increased by modifying the glass struc-
ture. They found that higher/Q)s had-the wider FWHM. Similarly, this
present glass sample withhigher Q¢ value (see Table 3) ptrovidesthe
wider FWHM and effective bandwidth. Second factor is enhancement
of covalent bonding/of Er—0. Afterincreasing the Er*>* ion/coneéntra‘
tion, the'covalentbonding betweenjionsErr—0-also,increases-asshave
been confirmed-previously by (), parameter in Table 3.'It indicates an
enhancement of the crystal field of the 0~ ligands around the Er*™
site, which changes energy level of the Er** and strengthen the Stark
splitting of the *I;3/, — %5/, transition [45].

Table 4
Judd-Ofelt intensity parameters (x10~2° cm?) for various Er** doped sodium lithium bo-
rate glasses.

Samples O, Oy Qg Ref.
LiBEr3 8.72 7.69 0.013 This work
LiBEr4 6.19 5.68 0.13 This work
LiBEr5 4.39 3.22 0.91 This work
LiBEr6 0.96 529 0.014 This work
BSGdCaEr05 3.16 132 0.99 [29]
Lithium-borate 3.24 0.92 0.82 [30]
PB8 8.65 1.88 1.15 [31]
BLNEr 3.358 1.342 0.789 [32]

The stimulated emissi 0ss-seégtion (Oe) is also considered as one
of the important factors @cal amplifier application, the larger of its
value represents thedow shold and high gain laser operation. The
value of 3.96 x10~ 2! is hm emission cross section in this work
which is obtained by LiBEr5 le with 2 mol% Er> " ion concentration.
This value is slightly highe ared to 3.22 x 102! of Er* " doped
borate-based tellurium calmnc niobium oxide (TCZNBEr1) [46].
The changes stimulated emission cross section of Er** doped lithium-
borate glasses due to the int ion oflradiative energy between Er**
ionsiby strongly overlapping of electron shell with ligand shell in emis-

application. The hig
of LiBEr3, LiBEr4, L

higher ¢ ed to the FOMyOT other glass such as TCZNEr1 and erbium
0 in ¢'(ZBE3) [49]. The branching ratios (PBg) for all
a are 1 which isgonsistent to the standard branching ratio with

LiBEr6 are,8%674, 8.919, 7.101, and 13.012 ms, respectively. Compared
other reports the present data is comparable with Er>* doped
several host glasses. The radiative transition probabilities are 115.28,
106.27, 133.25, and 76.85 S~ for LiBEr3, LiBEr4, LiBEr5 and LiBEr6,
respectively.

4.5
o 4 4 .
rod” Mo 528 nm N A A g L%BErl
] ——— LiBEr2
3.5 LiBEr3
S0l —— LiBEr4
377 LiBEr5
=25 ——— LiBEr6
et -
% g
‘g 1.5
= o
1.0 4
0.5 4
0.0 —T T T
1300 1400 1500 1600 1700
Wavelength (nm)

Fig. 6. Near-infrared luminescence spectra of Er* ™ doped sodium lithium borate glasses
system for Nexc = 582 nm.
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Fig. 7. Near-infrared luminescence sp@ctra of Wed sodium lithium borate glasses

system for Neye = 976 nm.

4. Conclusion —

The Er>* ions doped lith m—boZlasses with chemical com-
position (65-x)B,03-15Na,0=10Pb 0-5Li,0-xEr303 had been
successfully prepared by the melting- h method. The XRD anal-
ysis showed that all samples wiere amorphous nature without any
crystalline phase. The structural analysis by FTIR confirmed the pres-
ence of bending vibration B-O-Byin bora tworks, B—O bond
stretching of tetrahedral BO,4 unitSjand a metric stretching of
the B—O vibrations in trigonal BO5 units. The absorp nd lumi-
nescence spectra of glass samples were measured to tigateyth

Al
spectroscopic properties. The absorption band at UV-Vis-NI tei M ab

at 365, 380, 407, 451, 489, 521, 543, 652, 797,944 and 1528 nm cor*
respond to the *l;52 — >Goy2, *Gej2, *G11/2, Ho2, "Tomy,*F7/2, *H112,
453/2, 4F9/2, 419/2, 4]1 12 and 4113/2, respectively. The hlghes abserption
is found at band transition from “I;5/, — *H;1,, and called as a hyper-
sensitive transition. The Judd-Ofelt parameters were Q,, = 4.39, Q4
=3.22,and Qg = 0.91 (x1072%2e¢m?) for 2.0 mol% Er*> " ion doped so-
dium lithium, boratesglass. A/strongemission band at 1532 nm was
observed cofresponding to #I¢5,, —145 5 transition under thé excita-
tion wavelength/of 528 and 976 nm. We found that sample with
2.0 mol% Er>* ion /doped sodiam lithium borate glass (LiBEr5) had
the highest stimulated emission cross-section and were comparable
with the previous reports. The Er?¥, doped/sodium/lithium boraté
glass is considered having the great potential for infrared laser and
optical amplifier applications.

Table 5

N [ﬁj
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