AI P Applied Physics
\ Letters
Continuous wave ultraviolet frequency upconversion due to triads of Nd 3+ ions in

fluoroindate glass
L. de S. Menezes, Cid B. de Aradjo, G. S. Maciel, Y. Messaddeq, and M. A. Aegerter

Citation: Applied Physics Letters 70, 683 (1997); doi: 10.1063/1.118274

View online: http://dx.doi.org/10.1063/1.118274

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/70/6?ver=pdfcov
Published by the AIP Publishing

Articles you may be interested in

Sensitized thulium blue upconversion emission in Nd 3+ /Tm 3+ / Yb 3+ triply doped lead and cadmium
germanate glass excited around 800 nm

J. Appl. Phys. 94, 5678 (2003); 10.1063/1.1618352

Highly efficient green up-conversion luminescence of Nd 3+ — Yb 3+ — Ho 3+ codoped fluorite-type nanocrystals
in transparent glass ceramics
J. Appl. Phys. 92, 5163 (2002); 10.1063/1.1508423

Frequency upconversion involving triads and quartets of ions in a Pr 3+ / Nd 3+ codoped fluoroindate glass
J. Appl. Phys. 92, 3065 (2002); 10.1063/1.1501757

Thermally enhanced frequency upconversion in Nd 3+ -doped fluoroindate glass
J. Appl. Phys. 90, 4498 (2001); 10.1063/1.1410326

Multiwavelength thermal lens determination of fluorescence quantum efficiency of solids: Application to Nd 3+ -
doped fluoride glass
Appl. Phys. Lett. 78, 3220 (2001); 10.1063/1.1375000

AIP - Re-register for Table of Content Alerts

Publishing

Create a profile. Sign up today!



http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1920415291/x01/AIP-PT/APL_ArticleDL_032614/aipToCAlerts_Large.png/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=L.+de+S.+Menezes&option1=author
http://scitation.aip.org/search?value1=Cid+B.+de+Ara�jo&option1=author
http://scitation.aip.org/search?value1=G.+S.+Maciel&option1=author
http://scitation.aip.org/search?value1=Y.+Messaddeq&option1=author
http://scitation.aip.org/search?value1=M.+A.+Aegerter&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.118274
http://scitation.aip.org/content/aip/journal/apl/70/6?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/94/9/10.1063/1.1618352?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/94/9/10.1063/1.1618352?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/92/9/10.1063/1.1508423?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/92/9/10.1063/1.1508423?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/92/6/10.1063/1.1501757?ver=pdfcov
http://scitation.aip.org/content/aip/journal/jap/90/9/10.1063/1.1410326?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/78/21/10.1063/1.1375000?ver=pdfcov
http://scitation.aip.org/content/aip/journal/apl/78/21/10.1063/1.1375000?ver=pdfcov

Continuous wave ultraviolet frequency upconversion due to triads of Nd 3+

ilons in fluoroindate glass

L. de S. Menezes, Cid B. de Araijo,® and G. S. Maciel
Departamento de Bica, Universidade Federal de Pernambuco, 50670-901 Recife, PE, Brazil

Y. Messaddeq
Departamento de Qmica, Universidade do Estado de®Raulo, 14800-900 Araraquara, SP, Brazil

M. A. Aegerter
Institut fir Neue Materialien, Im Stadtwald, Gebde 43, D66-123 Saarboken, Germany

(Received 29 July 1996; accepted for publication 3 December)1996

We have observed ultraviolet upconversion fluorescence frorfiigg and?P, levels of Nd* in
fluoroindate glass under infrared pumping. It was found that the excitation of a large population in
the *F 3, metastable level allows to achieve strong upconversion emissions at 354 and 382 nm. A
simple rate equation model reproduces the temporal behavior of the upconverted emission and
allows us to estimate the energy transfer rate among thréé Mds participating in the process.

© 1997 American Institute of Physids$S0003-695(97)02506-(

The subject of frequency upconversion by resonantly The samples used have the following compositions
pumped rare-earttRE) doped solids has received increasing(mol %): (39-x) InF;-20 Znk-20 Srk-16 Bak-2 GdFR;-
attention in recent years’ From the fundamental point of 2 NaF-1 GakgxNdF; (x=1,3). They were obtained fol-
view, the study of frequency upconversion processes is imlowing the procedure given in Refs. 8 and 10, having good
portant to understand the mechanisms of interaction betweegptical quality and volumes of a few cubic centimeters.
the RE ions in different hosts. On the other hand, from a  The absorption spectra measured are similar to the spec-
practical point of view, these studies may lead to the discovtra shown in Ref. 8 except for the bands’ intensities and their
ery of new laser systems based on energy trari&®&y pro-  linewidths, which are dependent on the Nicconcentration.
cesses among RE ions. The fluorescence measurements were made using a cw

The study of frequency upconversion processes associ-:sapphire laser as the excitation source. The fluorescence
ated to atom pairs was initiated long &g@nd the selection Signal was dispersed by a 0.25 m spectrometer and detected
of appropriated hosts led to the operation of an efficient cwPy @ photomultiplier using either a lock-in or a digital oscil-
pair upconversion laser based on &'E€aF, crystal operat- loscope. All measurements were done at room temperature.
ing at 2.8.um2 The operation of a trio-upconversion laser __Figure 1 shows the upconversion fluorescence in the
based on the same crystal host was obtained at gr8% ~ 325—400 nm region for a sample wit=1 when the laser
also based on an upconversion process previously reporté‘@velfngth was tuned to 866 nm, in resonance with the tran-
for PR*:LaF; crystal® The laser of Ref. 4 has an efficiency Sition “lez—“Fs. Two peaks at 354 and 382 nm are ob-

: 4 . 4 4
of ~30% but has to be operated at low temperature%er‘”EOI f”d attributed to theg,— lor2; "Darz—"l11p2, and
(<77 K). P4o— *lgp transitions of the N& ion, respectively. The

Clearly the characterization of an efficient trio- fjependence of both lines on the pump power is summarized

upconversion process occurring at room temperature an Fig. 2 and_the negrly cubic slope in_dicates that three laser
emitting in the blue-UV region is highly desirable and Suchphotons participate in the UV generation process. Three blue

spectroscopic studies may help to identify appropriate hostlénes' at 414, 426, and 449 nm were also observed, and their

for laser operation.

Among the new materials available to date, the fluoroin-
date glasses are especially interesting, since they present  o8f *Dyp—= 11112
large transparency from250 nm to~8 um, are resistant to ! Py
atmospheric moisture, and are capable of incorporating large.
concentrations of RE ions to the matfiXs far as the non-
radiative properties are concerned, fluoroindate glasses sho
multiphonon relaxation rates lower than those of fluorozir-
conate glasses, and their spectroscopicand laser
propertieS have been characterized in details. Moreover, our
recent studies have shown their large potential to be used as=
optical upconverter¥’ 0.0

In this letter, we report, for the first time to our knowl- . ) .
edge, the observation of efficient cw pumped UV trio upcon- 325 350 375 400
version in Nd*-doped fluoroindate glass. wavelength (nm)
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FIG. 1. Room temperature upconversion fluorescence spedtsample
dElectronic mail: 10cha@npd.ufpe.br with x=1).
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TABLE I. Rise (r,) and decay fy) times observed for the ultraviolet up-
converted signals.

Emissi x=1 x=3

382 nm (slope: 2.7 mission

1.0 (stop ) wavelength 7. (M9 74 (M9 7, (M9 74 (M9
354 nm 0.86 0.63 0.56 0.60
382 nm 0.97 0.73 0.64 0.64

0.5

log [signal intensity] (arbitrary units)

0.0 that for the concentrations used the process in which an ex-
354 nm (slope: 2.9) cited ion transfers its energy to an already excited neighbor is

o5k one of the most efficient mechanisms for frequency upcon-
P PV R S—— 50 52 version, because it depends on the ion—ion separation. Thus,

for the large Nd" concentrations used, ET processes are
expected to play a dominant role. Also, the possibility of
FIG. 2. Dependence of the upconversion fluorescence intensity as a functidens clustering in our sampl&smay favor the three-body ET

of the excitation intensitysample withx=1). process.

The temporal evolution of the UV fluorescence was also
power dependence is the same as that of the UV lines. Othatudied. For this experiment, the laser beam was chopped at
upconversion emissions were detected at 522, 587, and 6®Hz and the fluorescence was analyzed with a time resolu-
nm, but their quadratic dependence with the laser intensityion better than 0.1 ms. The results obtained are indicated in
indicates processes involving Rfdpairs. The upconversion Table I. From the data, we conclude that the contribution of
efficiency is so high that a white fluorescence is readily obthe ET process is dominant because the UV fluorescence
served by the naked eye. The emissions at 354 and 382 ndecay times are longer than the lifetimes of the emitting lev-
are 40 times smaller than that observed at 522 nm for thels[ 7(*Dg/,) =3 us andr(?Pg,) =50 us| as measured under
sample withx=3. direct pumping:® Also, the similar temporal behavior of the

Because the energy of the UV photons is greater thaemissions at 354 and 382 nm indicates that the same upcon-
twice the energy of the laser photons and because of theersion pathway is related to both emissions.
cubic dependence of the fluorescence intensity with the To understand the dynamical behavior of the UV sig-
pump laser intensity, we conclude that the upconversion proaals, we compared the time resolved data to a rate equation
cess observed is a result of ET between three ions in thmodel for a 4-level system which takes into account the con-
metastableé'F 5, level* With the use of similar excitation tributions from levels®Dasj, 2Pap, “Fap, *liams i1,
conditions, the fluorescence intensity was compared for botand *l,,. The equations for the levels’ populations can be
samples. The sample witt=1 presents an UV fluorescence written observing that three ions are initially excited to the
approximately 3 times larger than the signal obtained fronfF,, metastable statdevel 3. Due to the cross relaxation
the sample wittkx= 3, indicating a stronger quenching of the process, two ions decay transferring energy to the third ion
fluorescence in the sample with larger Ndconcentration.  which is promoted to the levéiD,,. Because of the fast
We also observed that the lifetime of thE, level for a  nonradiative decay*Ds;,—2P3), these two levels were
sample withx=0.05 was 0.95 ms, while for the samples grouped together in level 4. The same procedure was used
with x=1 andx=3 the values obtained were 186 and 167concerning levelél ;, and*l 5, which correspond to level
us, respectively? This is strong evidence that ET processes2. The relaxation of leveléD, and *Fs, to other levels
are efficient for the concentrations investigated. Figure 3vere also considered. Therefore, the system of rate equations
shows the energy levels which participate in the process angssumes the form:
the proposed upconversion pathway. It is important to note

log [pump laser intensity] (Wicm?)

Ny =—Wpn;+ yaiNs+ yaiNz+ y21N2, 1)
; 3
G T 4 Ny= 2WET”3+ Yag— y21N2, 2
: [ .
Lo Ng=—3WerN3+ yaas— Y31z +Wpny, (€)
. [
[} -
A L 382 om Ng=Wern3— (Ya1+ Yazt v42)Na, 4
[
., P ' 3 where n; denotes the population density of level
T ‘354nm: . i (i=1-4) as indicated in Fig. 3y;; is the decay rate from
: b : leveli to level j, W, is the pump rate, anWgy represents
sz, T Y i Y v 2 the energy transfer rate.
“Ion L . To estimate the values of;; , we first note that the only

ion A ion B ionC possibility of having emission at 354 nm is due to the tran-

sition *D5;,— %l o;,. However, the lifetime of levefDg), is

FIG. 3. Simplified energy level scheme considered to describe the trio; ; ot 2 ;
: | SR - oo nradiativ 4p P, with a lar
upconversion process. The solid lines indicate the radiative transitions mgietermmed by nonradiative decas;,— Py, with a large

duced by the pump laser, and the arrows with dotted lines indicate thdfansition rate ¢10° Hz) due to the small energy gap
resonant energy transfer process. (~1930 cm'%) between the two level€ The v41 value, due
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to radiative decay, is expected to be in the range-10° Hz 1See, for exampleSpectroscopy of Solids Containing Rare Earth lons
and the values 015/43 and V4o WeEre taken in the same range edited by A. A. Kaplyanskii and R. M. Macfarlar{dlorth-Holland, New
because the radiative transitioRBs,— %115, at 449 nm, 2;:(0”" 1987)'f he subi - proceedings of the | ol
by 4 ¢ 414 4D 7 t £g7 or many references on the subject, see: Proceedings of the Internationa

PS/Z_—> 1172 & nm, and'Vgp— kg & nm are Conference on Luminescence, Storrs, USA, 1993 Lumin. 60/61
relatively strong. Concerning levéF,,, the large energy  (1994]; Proceedings of the International Conference on Luminescence,
gap E(*F3,) —E(*l155)~5700 cm! suggests that its life- _Lisbon, Portugal, 1990J. Lumin.48/49(199D].

. . - - . . 3p. Xie and S. C. Rand, Opt. Left5, 848(1990.
time is mainly due to cross relaxation. Then, with basis ONsy Yieand S. G Rand. Appl. Phys. LefZ, 1182(1990.

the results of Ref. 9, we considered,=3.4x10 and y3; S5A. Lezama, M. S. Orial. R. Rios Leite, and Cid B. de Atfmy Phys. Rev.
=2x10® Hz. The lifetime of levels*l 3, and 14, are B 32, 7139(1985; L. S. Lee, S. C. Rand, and A. L. Schawlow, Phys. Rev.
mostly due to nonradiative decay wity,=3X 10° Hz, es- B 29, 6901(1984.
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