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ABSTRACT

Erbium and Erbium/Ytterbium co-doped tellurite glas have been prepared by melt quench technique. Tw
characteristic band; at 650 — 660 chn(axial band) and at 725 -785 ¢n(equatorial band) of TeQare exhibited

in the spectrum. Up conversion emission spectfars YB** co-doped sample under 976nm excitation is studied.
which revealed four prominent emission bands at, 53B, 670 and 846 nm originating frofH;1, — *l15, *Sy

— Y152 *Forr — %15 and *Sy, — “I143, transitions, respectively, which is most intensegieen region. Down
conversion of singly doped Ertellurite glasses under 532nm excitation is alsed®d which showed emission
bands centered at 548, 660, 797, 847 and 976 nmibwtid t0°Hy1p + “Soro — 152 “Fore — “lis Hap — ‘s,

Sy — Y43 and *ly1p — Y455, transitions, respectively. The variation of lunsnence intensity at different laser
excitation powers is observed. Near infrared raidiathas been generated.

INTRODUCTION

Luminescent materials have been a subject of ietehgly for more than three decades due to théengality for
various applications. The search for novel matenidth better luminescent properties has intersiiterecent years
as many novel applications have emerged. A magsscbf fluorescent metal ions is the Rare Eartimélfavhich
has been the most explored for applications ranffog laser physics to molecular biology [1-4]. €Trare-earths
have high luminescence efficiencies in the visitdgion [5-7]. Glasses doped with rare-earth iores iemportant
laser materials and have many other applicatiansreeye-safe goggles, as protection against éighigy neutrons
etc

[8-10]. Despite their relative scarcity in the é&tcrust (as the name itself signifies) the natfrégheir electronic
energy levels involving the Atonfiguration is one of the main reasons for tegbensive use. The Nd: glass lasers
and Er-doped polymer amplifiers are just two welbwn examples of the versatility of rare earthsuasinescent
materials.

Most of the solid state lasers available at the emnmvolve a trace amount of ionized rare earttransition metal
ion doped in a crystal or glass lattice. Many glasd crystal systems have been investigated irr doddevelop an
understanding of the influence of the host matemal the laser properties of the active materiasi\f the earlier
lasers utilized crystals such as yttrium, alumingamnnet, ruby, Cafetc as host materials [11]. However in recent
years glasses are being increasingly used asHaserln fact glasses have several advantagescoysals as laser
host. Glass can be produced in large volumes vigth dptical homogeneity. The nonlinear refractindices can be
made low enough [12] and the concentration of aainaterials in the glass host can be made muchrléngn in
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crystals.These examples clearly demonstrate tleastirdy of doped glasses is an important and ptivauiield in
modern optics and optoelectronics and needs catdiattention.

In the past decades, the*Eions doped materials have effectively been studtiedasers and optical amplifiers.
Most recently, their upconversion luminescence laihi extensive applications in color display, flescent
labeling, white light simulation, biomedical diagtias, optical temperature sensors etc. ([13-16F bne of the
most commonly used rare earth ion that providesarprerted visible fluorescence both in fluoride][AAd oxide
glasses matrices [18]. It is one of the efficieativee centers and has a favorable energy levettstrei with two
transitions:*l,5,—11/» (at about 980 nm) ariths;,—"1e/> (at about 800 nm) which can be efficiently exciteith
high power semiconductor lasers, yielding blueegreand red emission bands. For the upconversiessiems in
many EF* doped or E¥/Yb®" co-doped materials, when pumped at 980 nm, thenksnence found is in green and
red regions [19-22].

MATERIALSAND METHODS

Four glass samples with the following analyticainpmsitions were prepared.
(a) 79.5%Te@+ 20%BaCQ + 0.5%E§0;

(b) 79%TeQ + 20%BaCQ + 1%ErO;

(c) 78.5%Te@+ 20%BaCQ + 1.5%Ep0;

(d) 76%TeQ + 20%BaCQ + 1%ERO; + 3% Y0,

The melt-quench sampling technique has been ugsdtidaylass samples preparation. Appropriate weigfios of
starting materials given above were taken in tipeire form. The required powder materials were thghty
crushed and well mixed in an agate mortar homogestgo Each homogeneous mixture was transferred to a
platinum crucible (melting point of about 1723 and heated in an electric oven to melt at°@0for about 30
minutes. The melt was then poured into a prehetass mould and annealed at ZDdor about two hours to
remove thermal strains. This was then cooled tonrtemperature gradually. The samples were themtwproper
shapes and sizes and polished carefully for optioahsurements. These samples were immediatelydsiore
vacuum desiccator to prevent possible attach bgtm@ and contamination until used for measurement.

In order to record the absorption spectra the sasnpl UV-VIS/NIR regions, a Cary 2390 (Varian ASstes)
double beam UV-VIS/NIR spectrophotometer was ugagting these measurements the incident light from t
source is divided into two beams and allowed tbdalan optical chopper. The optical chopper isisanged that
while its half part is open, the other half is cadwith reflecting mirrors. Thus for one half bktcycle, one beam
is reflected. The transmitted beam passes thrdughare earth doped glass sample kept in its piithtlae help of a
sample holder. After passing through the glass tanie transmitted beam travels in almost identitiatance
(through an undoped identical glass piece) andlyirgoes to another photo-detector. This compesstde any
absorption by the atmosphere. The difference ofwleesignals is fed to the recorder to obtain thelfspectrum.
The absorption spectrum is shown in Fig 2. Forri#isoence spectrum, we used monochromator detectams,
Ocean Optics QE65000 TE cooled CCD spectrometal:YAG laser (CW, 532nm wavelength) and Diode laser
(Cw, 976nm wavelength with 1 watt) were used astatken sources. Initially, a beam from a laserrseuike 976
nm diode laser or 532 nm Nd-YAG laser falls onanfrcoated mirror (Fig. 1). Then after reflectirigaa angle 90
the beam falls on a convex lens which convergesot#an on to the sample placed at its focal poihe @lass
sample starts emitting after absorbing the radiatithe radiated emission is collected and recoittecd CCD
spectrophotometer placed at an anglé ©@0the beam incident on the sample. The CCD speltttometer is
connected to the computer via a data cable. Thiss@m radiated by the sample is directly seenhenscreen of
monitor through a wavelength vs emission intengiiyt and its data is automatically saved on the maer.
Repeated measurements were carried out to getgigoal and also to see the effect of laser power.

The FTIR spectra of the samples were recorded uRergin Elmer Spectrum RX1 spectrophotometer. Tlhasg

samples were powdered and a pellet was prepar&®irto record the spectrum in the 4000-400 tspectral
region with 4cm' resolution, auto gain and 40 scans.
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Figure 1 Experimental setup for luminescence and upconver sion measur ements
RESULTSAND DISCUSSION

3.1. Absorption Spectrum

Fig. 1 illustrates the absorption spectra of th** and EF*/Yb** co-doped tellurite glasses in the visible and -
infrared region from 3601200 nm. The absorption spectrum consists of sabsprption bands of ** peaked at
450, 489, 522, 545, 653, 800, and 980 nm correspgrid the absorptions from the ground s, to the excited
states'Fsp, “Farz, “Hi1 *Saiz “Forz, loia, and®lyy, respectively. In addition, the strong absorptiondpeaked at 6
nm correspond to the ground state absorption ¢ It is noted that, the excited stdf,, of Yb®* is in the same
region in which thél,,,, level of EF* lies. Since YB" has a much broader absorption band from 860 to ho®!
and the absorption @sssection of Y** is many times larger than that of the”EHence, the addition of “**
enhances the pumping efficiency of 976 nm dioderl#éisrough the energy transfer from®* to EF*. The energy
transfer takes place through the mechanfFs(Yb®*")" + 4115 (EP") — 2Fn(YD®) + Yl {ErF*)". So the energy
transfer process acts as indirect pumping #*. Due to the strong absorption of glass hostsenuttraviolet region
the absorption bands at the wavelength shorter4dB@mm could ncbe distinguished. In addition, the cutoff bau
are lower than 400 nm, indicating that the energpdfer (ET) from E** to the band gap (glass matrix can be
neglected [23].
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Figure 2. Absor ption spectra of Er®* and Er*/Yb* co-doped tellurite glasses(sample b and d) from visible to near infrared region
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3.2 Fourier Transform Infrared (FTIR) measurements
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Figure3 FTIR spectrum of 1.0 Mol% Er*" doped barium tellurite glass

As shown in Fig. 3, the FTIR spectrum shows thatTkQ is the glass former while BaG® the glass modifier in
the barium tellurite glass system. The role of lmarions as network modifier is to modify the glassicture and
enhance the breaking of axial Te-O-Te linkages@ttigonal bipyramids [Tefp(tbp) and create the formation of
trigonal pyramid [Te@] (tp) units and non-bridging oxygen. A diffuse ban observed in the range of 500-600 cm
! due to the disordered structure; this is considers the vibration modes of both the Te@d the TeQentities
[24]. The vibration modes of the bonds for P&Opolyhedral are also found at bands around 580. crithe
spectrum has exhibited two characteristic band$5-660 crit (axial band) [25-26] and at 725-785 ¢m
(equatorial band) [27-28] of TeO

3.3 Upconversion luminescence spectra

The upconversion emission spectra (500-880 nmY8f\¥b>* co-doped tellurite glass has been recorded usifg 97
nm diode laser excitation at room temperature dmava in Fig. 4a and 4b. Mainly four intense upcaosian
emission bands centered at 531, 548, 670 and 84Bawve been observed which are attributedHg, — *l15p,
S0 — Y15z “Foip — Y152 and*Sy, — *I15p, transitions, respectively. These transitions asweiated with Ef ions.

It is apparent that the green emission at 548 nsritna highest peak intensity. The intensity of eadssion at 670
nm is much weaker than that of green emission @ird. Fig. 4.4b shows the efficient energy trangfem Yb** to
Er** ions. The EYf' doped glass shows a very weak green emissiontidddif Yb** enhances the overall emission
several times. It should be noted that the upcaimeremission in Ef/Yb*" doped tellurite glass is so efficient that
the green emission can be seen by naked eyes witp power as low as a 20 mW. Fig. 4a shows thestomiof
tellurite glass doped with 1.0Mol % of £rand 3.0Mol % of YB ions with increasing incident laser power. It can
be seen easily that the overall emission increaseg rapidly with pump power. The dependence ofssion
intensity on incident power could also be recordedifferent power. This permitted us to deterntime number of
photons involved in the process.
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Figure 4a Emission spectra of sample (d) excited with 976nm Diode laser
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Figure4b A comparison of emission spectra of Ers* in the presence and absence of Yb**

3.4 Downconversion luminescence spectra

Fig. 4(c-i) show the downconversion luminescenaecsp of EF and Ef*/Yb®" doped tellurite glass samples with
532 nm Nd-YAG laser at different concentration of'Eions and at different incident laser powers. The
downconversion emission spectra were recordedenméivelength 540-1035 nm. Five downconversion eariss
bands centered at 548, 660, 797, 847 and 976 nm lhean observed which are attributedHey, + *Ssi, — Yisp,
*Fop — l1s, 2Hap — “lis, *Sare — *lige and?lyy, — Y15 transitions, respectively. Fig. 4.4c shows thession of
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tellurite glass doped with 1.0Mol % of ¥rand 3.0Mol % of YB' ions with increasing incident laser power. It is
observed that the overall emission i.e. of greed,and near infrared region increases with laseepo
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Figure 4c Emission spectra of sample (d) excited with 532nm Nd-YAG laser
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Figure 4d Emission spectra of sample (a) excited with 532nm Nd-YAG laser
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Figure 4e Emission spectra of sample (b) excited with 532nm Nd-YAG laser
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Figure 4f Emission spectra of sample (c) excited with 532nm Nd-YAG laser

In fig. 4(d-f) the concentrations of Eions was fixed for three values i.e. 0.5, 1.0 afidMol % and the effects of
incident laser power for three values i.e. 0.5,dn@ 1.5 Watt on emission of Er3+ ions were obgkriteis seen

that the emission intensity increases with lasevgroin all the three cases. The inset in theserdigishows the
emission of green region from 541-580 nm.
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Figure 4g A comparison of emission spectra of samples(a), (b) and (c) for 0.50W Nd-YAG laser power

7 60 For 0.75 Watt
5 504 Ay =532 nm
1% ——0.5Er"
4 o 304 —— 1.0Er"
| 20 1.5 Er’
10
ol . ——

Emission Intensity (arb. counts X 103)
w
|

2

14 A

B
650 700 750 800 850 900 950 1000

Wavelength (nm)
Figure4h A comparison of emission spectra of samples(a), (b) and (c) for 0.75W Nd-YAG laser power

In fig. 4(g-i), the incident laser power was kepe same for three concentrations of'Ee. 0.5, 1.0 and 1.5 Mol%
and the emission of Erions was recorded for three values of pump poue\, 0.75 and 1.0 watt power. In this
case, it is found that on increasing the conceaotratf EF* ions in the sample, the emission intensity of badd
initially increases slightly and then reduces slovBut the emission of near infrared region i.e7,7847 and 976
nm decreases continuously with increasing’ Eoncentration initially slightly and then sharpRhe inset in these
figures shows the emission of green region from5&Q0 nm.
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Figure 4i A comparison of emission spectra samples(a), (b) and (c) for 1.00W Nd-YAG laser power

3.5 M echanism of upconversion emission (Energy level diagram)
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Figure 4.5 Schematic energy level diagram of Er®" Yb®" ions showing possible upconversion emission mechanisms

According to the energy matching conditions, thesilde upconversion mechanisms for the green, nednaar
infrared emissions are discussed based on the\etearg diagram of Bf and YB" presented in fig. 4.5. Initially
Yb** ions in the’F5, state (ground state) absorb 976 nm photons fremediaser and excite them to tieg, state.
The second step involves the excitation of fns in the'l,,, level by means of the energy transfer process from
excited YB' to EP* : %Fgp (YD) + “lisp (EPY) — 2Fo(YB®) #1110, (EPY). EF* ions in“lyy, level again absorb
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pumping photon 976 nm radiation and excit& Eom *l,,, to the®F,, level of EF*. The populatedF,, level then
relaxes rapidly (nonradiatively) to the next lowging excited levelsH,1,, and*Ss,. The population of théS;,

level can also be affected by a fast multiphonaragidrom the’H,,,. The above processes then produces the three
transitions’Hy1, — *lis “Ssp — *l1s2 and*Sy, — “lis in green region centred at 531 nm and 548 nm mmdiR
region centred at 846 nm, respectively. A part @pylation of Ef* ions relaxes nonradiatively to the next lower
lying excited level§Fy, and®ly,. Besides, Bf in the®l,,,, state relaxes nonradiativelytas, level. EF* ions in this
level again absorb incident photon from laser agakcih to*Fy» level. The red emission centred at 670 nm is
originated from théF,, — *l5,, transition. The mechanism is based on the prosesséollows?®l 15, (EF") + hv —

*Fo (Er") and*Fe;, — “l1s + hv(670nm). All up-conversion luminescence discusseodvea are nonlinear two-
photon process [29-30].

In case of 532 nm excitation Eions reach to their highly excited stak,, after absorbing 532 nm laser radiation
in the ground stat#,s,. From this state Ef ions relax to different lower lying excited states*S,,, *Fop, *lor, and
*l11» nonradiatively. Finally ions come to ground sttem these excited states by emitting green, redi regar
infrared transitions.

CONCLUSION

The (80-x)Te@ + 20BaCQ + XErLO; (where x = 0.5, 1, 1.5 Mol%) and 76%Te® 20%BaCQ + 1%ERO; +
3%Yh,0; glass systems have been prepared using melt quenbhique. The FTIR spectra showed that the
addition of BaCQ@ enhanced the breaking of the axial Te-O-Te linkaigethe trigonal bipyramids [Tefpand
formed the trigonal pyramids with non-bridging orygduring the formation of the glass. The vibraglomodes of
the bonds for Te®! polyhedral were found around 580¢m

Co-doping E¥" with Yb** enhanced the pumping efficiency of the 976nm dileder through the energy transfer
from Yb** to EF*. Subsequently, an intense upconversion emissitwdahoton process) in the green region was
clearly seen by naked eye even with a low pump poage20mW. The overall upconversion increases with
increasing the laser power. Again, the downconwarsbserved in the samples doped with onf/ Brso showed
that emission intensity increases with increasigef power. The intensity is most intense in thar mefrared
region (NIR) and best for sample (a) with lowesnha@entration of EY. NIR emissions were observed in the
downconversion properties of 0.5Mol%’Edoped tellurite glass which originates fr883, — *l135, transition. This
may be applicable in fiber optic fabrication foeus optical communication. The fluorescence intgns enhanced

on addition of YB".
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