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Abstract

The optical properties of Er doped KO — NbOs — SiO, glasses obtained from the absorption and
emission measurements. The visible and NIR emisgi@ctra revealed one intense band green bandwatdab26
nm, corresponding ttHy1, — “l1g»transition andanother weak green bands&0 nm correspondintfs, — *lis
transition. By the increase of £iions concentration, the intensities of emissiondsan the visible and NIR regions
increased up to 0.5 mol % and then decreased hehigpncentrations (> 0.5 mol %) due to the comaéion
quenching. The decay profiles of thies, excited state for all Bt ions concentrations were fitted to a single
exponential function and quantum efficiency of the, excited state is found to be 87%. From these mesitlts
suggested that, the KNbSIEr10 glasses could be suit@ble for amplifiers in the near infrared regio
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Introduction

In recent years, much attention has been
paid on the development of the glass based optical
devices such as optical amplifiers, infrared and
upconversion lasers [1-4]. For the fabrication of
optical active devices, rare earths doped (RE)sgks
are most suitable materials, because RE ions are
easily incorporated into glasses. Among RE doped
glasses, the Erdoped glass is one of the most
important laser materials because of the 1.5 pm
emission from thél s, —*;5, transition and locates
in the optical communication window. In order to
meet the demand of the exponential increase of
information transmission, the ¥rdoped fiber
amplifier (EDFA) is the key element for the
wavelength-division-multiplexing (WDM) systems
[5-7]. At present, most of the EDFAs are made up of
silicate based glass fibers, which posses narro8b(
nm) emission band around 1.5 pm and limits the
transmission capacity of WDM systems [8—10].

Generally EDFAs are optically pumped with
the 980/1480 nm  excitation wavelengths,
corresponding to thélisp — “lign [ Y1 — e
transitions respectively. In order to amplify thersl
at 1.5 um, pumping with 980 nm gives a good signal-
to-noise ratio for the transmission capacity of WDM
systems by using the conventional silica based Er
doped fiber amplifiers. In this direction, silicate
glasses are extensively studied due to the high
chemical and mechanical stability [11]. The additio
of Nb,Os into silicate glass decreases its phonon
energy [12]. The present work investigation on
concentration dependent optical properties of Er

doped silicate glasses have been studied using the
absorption, emission and decay measurements.

Experimental Details
Materials and method

Er-doped potassium niobate silicate
glasses KNbSiEr with chemical composition of 30
K,0 - 25 NBOs — (45- X) SiQ— x ErO3 (where x =
0.05, 0.1, 0.5, 1.0 and 2.0 mol %) were prepared by
conventional melt quenching technique and are
referred as KNbSIiEr005, KNbSiEr01, KNbSIEr05,
KNbSIErl0 and KNbSIEr20, respectively. The
starting materials of }COs;, Nb,Os, SiO, and EjOs
(99.9%) with the batch quantities @fl5 g were
mixed and grinded in agate mortar for homogeneity.
The mixtures were taken in a platinum crucible and
melted in electric furnace at 13%Dfor about 2-3 hr.
Then the melts were poured onto a preheated brass
plate and annealed at #4&0for 12 hr to remove the
thermal stress and strain.

Physical and spectral measurements
For the KNbSIErl0 glass, the physical

quantities such as densityd (= 3.25 g cm),
concentraton ¢ = 3.5216 X 1& ions/cni),
thickness = 0.213 cn and the refractive index (=
1.71) were determined. Optical absorption spectrum
of KNbSIErl0 glass was recorded using a Perkin
Elmer Lambda-950 UV-Vis-NIR spectrophotometer
in the wavelength range of 360-1900 nm. The visible
emission spectra were measured by exciting the
samples at 378 nm using Jobin Yvon Fluorolog-3
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spectrofluorimeter with xenon arc lamp as an
excitation source. The NIR emission spectra reabrde
using Dongwoo monochromator (Monora511i) and
with the InGaAs detector. The decay curves were
measured by exciting the glass samples with the 980
nm radiation of diode laser by monitoring the
emission at 1.5 pm and the signal was acquired by a
digital oscilloscope (LeCroy 200 MHz
oscilloscope).

Results and Discussion
Absorption spectra and Judd-Ofelt analysis
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Fig.1. Absorption spectra of 1.0 mol % &¥ doped
KNbSi glass (a) UV- Vis (b)
NIR regions

The absorption spectra of KNbSIEr10 glass
in UV-vis and near-infrared regions are shown Figs.
1(a) & 1(b), respectively. The absorption bands
located at 1535, 980, 799, 654, 546, 552, 490, 452,
407, 378 and 366 nm, correspond to the transitions
from the ground stat8l;s, to various excited states
a1, Yoz *Forz, *Saz *Hava *Fria Fsz, Hora,
*Gr1» and *Ggy,, respectively. The assignment of the
bands positions has been done according to Canall
al. [13]. The absorption transitions, band posgion
(Ap), oscillator strengthsfgy, fca) are listed in Table
1. The small r.m.s deviatiord{9 of + 0.42 x1C
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indicatesthe good fit between the experimentg)J
and the calculated oscillator strengthg,)( Judd—
Ofelt (JO) intensity parametef3, (1=2, 4 and 6) are
obtained from J-O theory analysis [14, 15] using th
measured oscillator strengths for *Erions in
KNbSIErl0 glass. The evaluated JO intensity
parameters are presented in Table 2 along with the
other reported Bf doped glass hosts  [16-18]. All
the JO intensity parameters follow the same order a
Q, > Q4 > Qg It is well known that, the parameters of
Q4 and Qg values are related to the bulk properties,
such as viscosity and rigidity of the glass and the
magnitude of Q, is indicates the covalent
nature/structural changes in the vicinity of theé*Er
ions. The higher value @&, parameter indicates the
more covalence between theé’ErO* bands.

Table 1. Absorption transitions, absorption band
positions ¢.,,, nm), experimental €. and calculated
(fea) Oscillator strengths (x1P) of 1.0 mol % Er**-doped

KNbSi glass.
Transition hp Oscillator strengths
Misp — i Feal
Mi3n 1335 6.27 6.09
‘Tun 980 198 1.63
Ton 799 0.80 0.97
‘Fon 654 0.36 0.62
1S3 350 471 436
Hin 546 0.19 0.15
Fan 490 041 0.39
4Fsn 452 0.09 0.05
Hg 407 0.06 0.03
*Gin 378 341 3.12
4G 366 0.90 0.71
S =042
n 75 |
Q; 7.85
(o7 252
Qs 0.83

Table 2: Comparison of JO parameters@; x 10%° cn¥)
of the KNbSIEr10 glass with other reported EF*: doped

SyStemS.
Glass Material 191 (9.1 Qg Trend
KNbSiErl0[Present] 7.85 252 0.83 Q> Q= Qg
Phosphate [16] 6.63 152 1411 Q> Q= Qg
Aluminate [16] 3.60 1.60 0.61 Q> Q= Qs
Tellurite [17] 412 181 0.85 Qo> Q= Qg
Fluoride [18] 291 127 1 11 Q= Q= Qg

Visible emission spectra and concentration effect
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Fig. 2 presents the visible emission spectra
for different concentrations of Erions in KNbSi
glasses obtained the excitation with 378 nm
wavelength. The emission spectra exhibit two
emission bands at 526, 550 nm, corresponding to
Hi, — “hse and “Sy, — %l transition,
respectively. The intensities of emissions decrease
with the increasing Bf concentration beyond 0.5
mol % of EpOs. The quenching in emission
intensities may be due to a non-radiative energy
transfer between the Erions.
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Fig.2. Visible emission spectra for different
concentrations of EF* ions doped glasses.

IR Emission spectra
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Fig. 3. NIR luminescence spectra for different
concentrations of EF*-doped KNbSi glasses under 980
nm laser excitation.
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Fig.3 shows the NIR emission spectra
pertaining to thél.s, — “l15, transition for different
Er** ion concentrations under 980 nm diode laser
excitation. It is found that the quenching of entgss
intensity beyond 0.5 mol% of #r ion. For
concentrations above 0.5 mol % of'Hons there
may be significant interactions betweeri'Bons that
leads to increase of non- radiative processes.

At higher concentrations>(0.5 mol %) the emission
band position appears to be shifted to lower
wavelength  region with  significant spectral
broadening. Such broadening is due to the re-
absorption/self-absorption, which always occursin
typical 3-level systems when the absorption and
emission spectra overlap [19]. Generally, this tgpe
phenomenon has been observed fof"Ha 2.1um

Cl; - ®lg), Tn?* at 2.0um (F, — *He) and EF* at
1.53im (ly3,— “l15) emissions with the increase of
rare earth ion concentration. The partial energglle
diagram shown in Fig. 4 describes the visible d@d |
emission mechanism of Erions in KNbSIEr glasses.
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Fig. 4. Partial energy level diagram showing the {a
visible and (b) NIR emission mechanisms of Ef ions in
KNDbSIEr glasses.

Radiative parameters
The evaluated JO intensity parameters are
used to calculate the spontaneous emission

probabilities (A\?)- luminescence branching ratios

(Bg), stimulated emission cross-sectiod) and

radiative lifetimes () of Sy, and “l,3, excited

levels. Table 3 presents different radiative patanse
calculated for KNbSIEr10 glass.
Table 3: Spontaneous emission probabilities (4 s),
branching ratios (Bgr), radiative lifetimes (xr, Us),
effective linewidths ALp, Nm) and stimulated emission
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cross-sectionsd.x102! cn?) for the *Sy,and 4l 13
excited states of KNbSIEr10 glass.

Initial state  Final state An yi5:3 iR Aip Ge
481 4Fan 0.65 ~0

Tsn 5521 0.5

Tue 40.70 0.13

“hse 12160 0.23

Tisn 320.65 0.61 338.81 16.91 131
Tian Tisn 368.64 1.00 17585 13270 1.51

According to McCumber theory [20], the
stimulated emission cross sectiofze) depends
mainly on absorption cross-section. The absorption
and stimulated emission cross-sections of'thg —

*| 155, transition in KNbSIEr10 glass as a function of
the wavelength were calculated using absorptioa dat
of KNbSIEr10 glass as shown in Fig.5 It is clearly
shows that, the higher emission cross-section value
than that of absorption cross-section at the peakew
length (1533 nm). The stimulated emission cross-
section (1.12x18" cnf) of KNbSIErl0 glass
determined from the McCumber theory is in good
agreement with the value calculated from JO theory.
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Fig. 5. Absorption (5,) and emission cross-sections{")
of KNbSIEr10 glass in 1400-1600 nm from McCumber’s

theory
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Fig. 6. Decay curves dfi 3,level corresponding to the
4 130— *l1gptransition for different EF* ions
concentrations in KNbSi glasses.

Fig. 6 shows the decay characteristics of
%131 excited state for different concentration of ‘Er
doped glasses. It has been observed that the decay
profiles of *l,5, excited state are single exponential
and the lifetimes are found to be 3.87, 2.63, 1.72,
0.65 and 0.32 ms for KNbSIEr005, KNbSIEr01,
KNbSIEr05, KNbSiErl0 and KNbSIEr20 glasses,
respectively. It has been found that the calculated
lifetime (1.75 ms) of thél 15> level obtained from the
JO theory is good agreement to the experimental
lifetime of 1.72 ms determined for the .1 ol
% Er*-doped KNbSi glass. This indicates negligible
amount of nonradiative decay rate due to
multiphonon relaxation (MPR) because of large
energy gap of 6527 chifrom the emittind'l 15, level
to the “115» ground level and lower phonon energy
(670 cm?) of the host [21]. It is also observed that the
lifetime values(ze,y) of the %l 131 level decrease with
the increasing of Bf ion concentration due to the
energy transfer from thél 5, level to free OH
groups that are present in the glass samples.rén ra
earths doped luminescent materials, the quantum
efficiency ) of a particular energy level is defined
as the ratio of the number of photons generatédan
radiative emission to the number of electrons excit
to the excited state. The efficiency fs, excited
state is found to be 87%.

Conclusions

Optical properties of BO-NbOs—SIO,
glasses doped with Erions studied. The Judd—Ofelt
intensity parameters were calculated for KNbSIiEr10
by wusing Judd-Ofelt theory. Efficient visible
emission at 550 nm and intense broad band atl1.53
um were observed under the excitation of 378 nm
and 980 nm excitations, respectively. The calcdlate
emission cross-section od) determined from
Mccumber’s theory is in good agreement with that of
the peak emission cross-sectioa(A)). Efficient
visible, infrared emissions of Erin K,O-Nb,Os—
SiO, glasses indicates that these glasses are
promising host materials for optical amplifier.
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