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Abstract: Intense emission peaking at 2.18 pm was succssfbtained from erbium upon
carefully designed engineering of its glass hoghhkbermally and spectroscopically. Highly
localized crystallization of erbium sites is vertiby micro Raman and micro-PL along with TEM

characterizations.
OCIS codes:250.5230 Photoluminescence; (160.5690) Raréremped materials; 160.2750 amorphous materials

Promising bio based applications such as bloodiesgery, non-invasive blood constituents monitoranghigh
sensitivity tracing of green house gases [1] cha@diesigned starting form optically active materigbrking within
the 2.0-2.3 pm wavelength window. For this purpeesem temperature operated high power devices raegieg
the market of which rare-earth (RE) doped devicasd la prominent place. But such devices are basdayton
rare-earth doping of thulium and holmium. Though*Bas an active 2.0 pm transition to achieve broaigsion
bandwidth, it is usually quenched in an amorphowsgrimn and hence rarely reported in glasses or ahgro
amorphous matrices [2]. However, the use &t Bs the active ion backbone would leverage effmtsinvestments
done in the telecom industry to non-telecom appbtos which would allow a quick progression. Thisrw
successfully reports the engineering of the baassginatrix to produce the key 2.0 um emission. Wais obtained
by specific selection of precursors and custometesi heat treatment of an®Edoped fluorotellurite glass.

Glass preparation which is solely based on thetnegitment cycle can affect the transparency ofglass
matrix due to strong segregation and delocalizggtalization. But if a perfect balance of nucleatirate and
growth of nucleus is ensured and maintained, higgdglized but well dispersed nanocrystals are éatrwithout
degrading the optical transparency which is anligiéaation for photonic applications. RE fluorida® well known
to act as nucleation agents in a glassy matrix. &teess addition of erbium fluoride (Effeould even induce a
scenario to avoid synthesizing a fully amorphowssglphase [3]. Hence the selection of sE&$a precursor was
one of the key element for the administered crijgéion of the amorphous matrix that was choserb¢oa
fluorotellurite glass with a maximum phonon eneofly- 850 crit and a optical transparency up to ~ 6 pm[4].
The precursor fluorotellurite glass (74.6T,68.8Z2n0-16.6ZnfFmol% doped with 1 wt% Eg} was prepared by
conventional melt quenching. After quenching, a step heat treatment was carried out to nuclegtass-ceramic
(GC) phase. The first treatment was done at a teatyre close to the glass transition temperatlige 293 °C) for
10 hours, followed by a 3 hours treatment at a tratpre slightly below that of the onset of crysation. Highly
transparent glass ceramic samples were obtainedtié heat treatment (figure 1).
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Figure 1 Absorption spectra of glass and glassaieraample.



Micro-Ramananalysi: wascarried out to fincmicrocrystallization due to eterogeneous nucleat that could
affect the transparencor inducecolor-centers which are undesirable for stable photoeidcgs.Raman speca
werecollectec in the 2!0-900 cnt spectral region using a confocal Raman microscBemichaw inVia) equippe
with a He-Cd laser emitting ahex= 442 nmthat was focused on the samples using a 50x magtidn objective
(spectral resolution: 2 ¢). Figure 2a compareshe Ramarspectra for glasand GCsamples indicating almo
similar glass network for both except for the seilsthouldes pealing at ~290 ~ 340 and ~ 420 ¢ which can be
attributed to the Er; nanocrystals present in ttGC[5]. Rest all the main band peaks remain unaffected
crystallization. A 2D mapping of the whole speatvas done over a x20 un? areaandthe mainpeal shift is
plotted infigure 2b.Results suggest a homogenous crystallization vittost nodiscontinuitie in the glass matri
The maximurrvariatior obtained was for thsymmetric stretch of 7-O bonds in Tek,;and Te( units (742 le)
which was +3cm™ for peak wavenumbe and +5 cmi* for theFWHM. Figure 2b is a representative 2D mappin
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Figure2 (a) Raman spectra of Glass and Glass ceramic buRO(um x 20 um mapping of 742 peak shift (c) Lattice planes of E;
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Micro PL probedthe active rar-earthsites of the glass mat. Strong evidence of si-specific crystallizatior
was obtained®H,1, (522 nm) and*Sy, (544 nm) EF* transitions to its ground sta’ls,) [6] were analysed aft
980 nm laser excitatic. These hypersensiti transition: areideal for probincRE environment ?Hy,,, transition is
sensitive to local site symmetry wherehe*S;;, provides indication about changes in the coordimeenvironmer
[7]. H1y; band remained almost unchanged, whereas major ebamgre observed for tt*S;, band emissiol
indicating that the local site symmetry is leadeeted compared to the coordination environmin the GC
spectrum (Fig. 2b)he high energy su-band splitting oS, is quenched and shows mortark splitting compared
to its low energy counterpz Theadditional tark splitting of this level indicas the presence (Er" in sites with
lower phononenergy. The formatic of ErF; nanarystals wadinally confirmed byTEM (Fig 2c¢).
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Figure3. Green anded emissions from (a) Glass (b) Glass ceramic.Mid-IR emission (c) quenching in glass (d) in Glasacec

The presenc of ErF; nanocrystal has a strong effect in thvisible emission of theEr** ions. From comparin
figure 3aand 3b itis evident that red emission in the G'Fo),) is dramatically enhanc. We believe tis is likely
due tothe cc-operative energy transfer betweer’* ions because oshorter iner-ionic distance in the crystalline



environment. The population &, level by energy transfer in the GC is in fact baesis of the generation of the
2.0 pm emission from the amorphous matrix witheatling to fluorescence quenchifife,~ 111, emission from
the GC is shown in figure 3d whereas figure 3c shthwe quenching of the same emission in the glassxn

The 2.18 um emission from the GC is a potentiatlickate for high power laser applications and owimghe
importance of the wavelength, it could be usedewetbp photonic devices working in the 2.0-2.3 pavelength
window which has high applicability for biomedicaipchemical, biotechnological applications. In closion, we
have successfully engineered a 2.18 pm emission &0 amorphous matrix by site-specific nucleatechhique.
Er’* sites were crystallized to form ErRanocrystals, this triggered the populatiorifesf, level leading to intense
*Fo>% 11/, emission peaking at 2.18 um.
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