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COMMUNICATIONS
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tellurite glass by codoping with Nd 3% ions
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We investigated near-infrared-to-blue upconversion from thulium¥(Mndoped in tellurite glasses

upon continuous wave excitation near 800 nm. We observed an enhancement of over two orders of
magnitude of the upconverted emission~a480 nm when neodymium (Nd) ions were codoped

with Tm®* ions. For comparison, using a PitNd®* codoped fluorozirconate glass as a reference
material we observed a 40-fold enhancement of the blue emission. Analysis of the blue emission for
samples with different doping levels of Ritlions showed that energy transfer betweeri Neind

Tm®* is the mechanism responsible for the enhancement in upconversio200® American
Institute of Physics.[DOI: 10.1063/1.1515376

The need for short wavelength laser sources in the comsjon of Tn** -doped tellurite glasses is improved by over
pact disc industry and optical data storage systems has led {qo orders of magnitude when codoped with neodymium
the development of a great number of solid state violet angNd®*) ions. Furthermore, the upconversion enhancement is
blue emitters such as semiconductor diodes, organic comapproximately five times larger than that of a ¥mNd®*
pounds and rare-earth doped matertafsBesides being a _codoped fluorozirconatéZBLAN) glass, thus demonstrat-

promising candidate for optical communication amplificationing that Tn?*:Nd®* tellurite glass is an excellent candidate
in the S band, thulium (TM") is one of the most studied oy plye lasing.

rare-earth ions for violet and blue laser operation based upon  The samples used were tellurite and ZBLAN

upconver_si_or?.‘ll One approach to improve the lumines- giasses  obtained by conventional —melting/casting
cence efficiency of Ti'" is to codope it with other rare-earth procedures. Base compositions wefi@ mol %) (69.8

ions?'3 The choice of host material is also an important _ ) Te0,— 10GeQ — 10NbO, — 5K,0— 5Li,0— 0.2TmO, ¢
issue when one deals with improving the efficiency of the_deo15 and (52.8 x)ZrF,— 20NaF- 2OBa5—4LaE,
emission process. In this case, the main goal is to increasg3A|F3; 0.2TmFR— xNdF; (x=0.5, 1, and 2). The

the luminescencéradiative emissionefficiency by quench- o pies were cut and polished to the same dimensions (4
ing qonradlgtlve cha-nnelémlulnphonon relaxation This is _ x2X7 mn?P) to guarantee the same excitatigfumination)
possible using matrices with low cut-off phonon ENEerYI€Syrea. The excitation source for the luminescence measure-

such as fluoride glasses, but these present poor mechaniqﬁbnts was a homemade continuous wéws) tunable Ti-

and chemical stability. Therefore, there must be a Compro:'sapphire laser pumped by an ‘Araser. The excitation

mise betvvegp low CUt'.Oﬁ phonoq energy and good er“”ron'power was 350 mW and the laser spot size at the sample was
mental stability for device operation purposes.

i . S . . ~30um. The upconverted luminescence emission was col-
Tellurite glass has a wide transmission winddiypi- K b

- . ~7F"  lected perpendicular to the excitation direction and the signal
cally 0.4-5.0um), high linear and nonlinear refractive indi- .
; . . - was spectrally resolved using a monochromator and detected
ces, good corrosion resistance and mechanical stability,

and .
the lowest cut-off phonon energy among oxide materiall;byaphOtomUIt'p“er tub€1P28. All the measurements were

(800cm 1). Although infrared laser operation has beenmade. atroom temperature. . .
demonstrated in neodymidfhand erbium®-doped tellurite Figures 1a)-1(d) show the upconversion signal of tel-

. . 0
fibers, the blue lasing potential of this material has yet to béurl(;e agd ZE’LA,‘:: _?;ssgsz dopleod W'tg ::; (00'25 moll 0@
carefully investigated. Previous results have shown that te2NC codoped wi (0.2 mol % an (0.5 mol %

lurite glass doped with TAT is a good infrared-to-blue under cw excitation at 795 nm. This excitation wavelength is

; i 3 3+ 4

upconvertet® Here we show that the upconverted blue emis_resgnantz with transélEon§H6—> Hq of Tm™ and gy
—("Fg,°Hgpp) of Nd°". The bands peaked at463 and at

~480 nm correspond, respectively, to transitidis,— °F,

aCorresponding author; electronic mail: glauco@df.ufpe.br and'G,—3%Hg of Tm3*. An additional line is observed at
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460 480 500 520 540 FIG. 2. (a) Intensity of the upconverted blue emissigh) Intensity of the
Wavelength (nm) upconverted blue emission normalized by the data from &'Tsingle
doped sample. Closed circles represent the data for tellurite glass and open

FIG. 1. Upconverted signal fdg) tellurite glass doped with T#i (0.2 mol ~ Squares represent the data for ZBLAN glass.

%); (b) ZBLAN glass doped with Th" (0.2 mol %; (c) tellurite glass

codoped with T/" (0.2 mol % and N&* (0.5 mol %); (d) ZBLAN glass

codoped with TrA* (0.2 mol %9 and N&* (0.5 mol %; upon near-infrared  the most relevant upconversion channel: after promotion of
(795 nm excitation. population to level$H, of Tm®* and PHg),,*Fs),) of Nd ™,

fast nonradiative relaxation takes place from levels
(?Hg/n*Fs)p) to level *Fg, of Nd®*. Then, energy transfer
may take place from Nt to Tm**.1? This energy transfer
channel is shown by the dotted lines labeledByin Fig. 3.
Furthermore, we observed luminescence quenching of the
signal at~1.47um (®*H,—°3F,) for the codoped samples
which is another indication of the importance of chan(hgl
Figure 2 shows that the blue emission also decreases with an
increase in N&i* concentration for both tellurite and ZBLAN

e _ } hosts and quenching of the luminescence may be due to two
This is because the absorption edge of our tellurite glass hagifterent energy transfer processéa) energy transfer be-

a Iowe_r energy than IeveF[_Dz, cau_sing luminescence tween neighboring excited Nd ions and(b) energy transfer
quenching’ The same reasoning applies to the absence 9 om excited Tm+ ions to N&* ions in the ground state,

upconversion luminescence originating from le¥@},, and shown by the dotted lines labelét) in Fig. 3. The differ-

higher lying levels of Nd" in our tellurite glasses. Using an ence is that in cash) the lifetime of level!G, is modified
InGaAs photodetector, lines in the red and infrared were als@shortenegidue to channefll).

observed in both tellurite and ZBLAN samples but analysis
of these lines will not be addressed here.

~530 nm that represents the transitf@®g,,— 41 5, of Nd®*.
Other lines(not shown herewere detected in ZBLAN glass
corresponding to N emissions at ~371nm (D,

— 1112 2Pa3— g1, ~396 NM (D3, 1132 *Pgp
=%, ~425nmEPy,—%lgp Dyp—Tlisp),  and
~580nme@H %9, and Tni™  transition at
~376 nm ¢D,—3Hg). We did not observe upconversion lu-
minescence from levéD, of Tm®* in our tellurite glasses.

To clarify this point the dynamics of the population at
level 1G, were studied by monitoring the temporal evolution

Figure 2a) shows the integrated intensity of the blue uf the plue signals using an electronically modulated diode
luminescence {480 nm) and Fig. @) shows the enhance- |556r a5 the pump source. The time resolution of the mea-
ment of the blue intensity for the samples studied. The en-

hancement of the blue intensity is defined as the ratio of the

integrated intensity(the area below the line peaked at

~480nm) between codoped samples and the samples doped 254

only with Tm**. Note that the enhancement of the blue sig- ] - 1G

nal for Tn?™:Nd®" tellurite glass is very highover two e 207 ﬁ ':'(“)3 4

orders of magnitude Moreover the enhancement of the o (“E H I

Tm3*:Nd®* tellurite glass is approximately five times larger 15 : 3Fz ‘F7H

than that of TM":Nd®* ZBLAN glass. Figure 2 also indi- = W 32,2

cates that the optimum Né& concentration for the samples 510- 1 4 U] Fin

studied is 0.5 mol %. g | 4 : 4
The energy level diagram for the blue upconversion w g e 3 3F5 P 4|15/2

(~480nm) process involving T# and N&* is shown in s 8 B L 42

Fig. 3. Two mechanisms may lead to the blue upconversion:

(=]
|795
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excited state absorption’ls—'G,) and energy transfer s
from N&®* to Tm®". The observation of enhancement of the Tm Nd

; +
|Um|ne_scence at“4_80 nm fro_m Trﬁ due to the presence Of_ FIG. 3. Energy level schematic and the relevant channels responsible for the
Nd®" ions shown in Fig. 2 indicates that energy transfer isblue upconversion at 480 nm.
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TABLE I. Rise (;) and decay time ;) of the upconverted blue emission larger than that observed in BN ZBLAN glass

at ~480 nm for the samples studied. The results are shown for the sample . . . 3+
doped with 0.2 mol % of Tm" andx mol % of Nd*. The measurement 3emon3tratmg the high potential of PritNd codoped tel-

time resolution is~0.02 ms. The excitation wavelength is 809 nm. The lUrite glass for photonic applications in the blue region of the

excitation power is 225 mW. spectrum, particularly for a diode pumped compact blue
laser.
x=0.5 x=1.0 x=2.0
Sample 7, (MS) 14(ms) 7.(ms) 1g(ms) 7 (ms) 74(ms) Enlightening discussions with the reviewer are acknowl-

edged. This work was supported by the Research and Devel-
opment Center, Ericsson Telecomunioes SA, Brazil. One

of the authorgF.C.C) acknowledges financial support from
Brazilian Agency FAPESP.

Tellurite 0.22 0.18 0.20 0.13 0.13 0.08
ZBLAN 0.69 0.52 0.54 0.40 0.35 0.36

surement system is0.02 ms. The_results found for th_e rS€ 17 Miyajima et al, J. Phys.: Condens. Matt&B, 7099 (2001.
and decay times of the blue luminescence for tellurite and?H. Jones Bey, Laser Focus Word®, 36 (1997).
ZBLAN glasses are shown in Table |. First, we must recall jG- S. He, R. Signorini, and P. N. Prasad, Appl. Cgit. 5720(1998.

. . . . . . . W. Lenth and R. M. Macfarlane, Opt. Photonics NeSys8 (1992.
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states participating in the upconversion process, mainly levebr, yepert, R. Wannemacher, R. M. Macfarlane, and W. Lenth, Appl. Phys.
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times qf the blue+em|55|ons decrease Wlth an increasing CoRz; gy and Y. Kawamoto, J. Fluorine Cheatq, 175 (2003,

centration of Nd* for the glasses studied. This is favorable 3G, Ozen, J. P. Denis, Ph. Goldner, X. Wu, M. Genotelle, and F.” Pelle

evidence for the relevance of the energy transfer mechanismsipp!. Phys. Lett62, 928(1993.
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