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We present the effect of a rapid thermal treatm@tT) at high temperatur€1800 °Q on the
radio-luminescence properties of Ce-doped Siflasses prepared by the sol-gel method and
previously densified at 1050 °C. Cerium concentrations ranging from 0.05 up to 1 mol % were
considered. We found that, for all concentrations, the RTT induces a strong increase ofthe Ce
radio-luminescence efficiency; the x-ray-induced luminescence intensity of the(81@ Ce is
about twice that of BiGe,O,,. The decay time of the scintillation response, evaluateg 33 ns,

is not affected by RTT. Infrared absorption measurements indicate that the luminescence increase
cannot be related to significant release of OH groups during RTT. The conversiofi'ofdds into

Ce" ions can also be ruled out since an increase of about 20% of the intensity of the 4.8 eV optical
absorption band related to €ewas observed after RTT. The occurrence of dissolution of rare-earth
aggregates is suggested. ZD02 American Institute of Physic§DOI: 10.1063/1.1524294

In the lively field of scintillating materials researth, significant way. The x-ray induced radio luminescefiRe)
glass scintillators prepared by powder fusion and doped witland scintillation time decay characteristics of SiOe sub-
rare-earth ions like C& or Th** were studied for applica- jected to such a treatment are shown and compared to those
tions both in high-energy physits® and in x-ray of a glass subjected only to a densification process at
detectior™’ In recent years, the sol-gel preparation methodr =1050 °C. Furthermore, due to the significant role played
has also been considered, as a way by which it is possible t§y OH groups in providing nonradiative recombination chan-
obtain glasses characterized by a high purity, at relatively,e|s the OH vibrational properties investigated by Fourier
low densification temperaturés:® The practical utilization  transform infrared spectroscopy are also presented.
of glasses seems to be limited by the presence of point de-  gjjicate glasses were prepared by the sol-gel method
fects acting as trap levels which limit the free carrier transferusing tetraethoxysilan@EOS and Célll) nitrate as precur-
from the r'na'trix to the Igmir)escent centers and also give risgors' Ce concentrations from 0.05 up to 1 mol % were con-
to non_ragllat_lve recombination channels. In- order to IMProveijared. An undoped sample was also prepared as a refer-
the scintillating performances of glasses, different routes e The sol composition was obtained with a

be followed: in analogy to what was observed in Several‘l’EOS'}—bO'ETOH volume ratio of 1:0.6:3. The obtained
crystalline system¥! an increase of luminescence efficiency sols a;fter .gelation and subsequent drg/ir;g. in a thermostatic

was successfully experienced in mixed *Celoped : :
hamber at 35 °C, gave rise to xerogel monoliths. The xero-
GdPQ-NaPQ-based glasses where an energy transfer front . P
Q e 9 W 9y gels were first densified up to 1050 °C. Two sets of samples

Gd* to Ce™ excited states was promotEtA complemen-
ere prepared. On one of them, a further RTT, was per-

tary approach consists in the reduction of the point defect i o
concentration: this result can be pursued by improving thdormed by using an oxidizing oxygen—hydrogen flame. Such

starting materials purity and the stoichiometry conditions of® réatment typically features a very quick temperature in-
the glasses. First results very recently obtained on sol-g&réas&(2—4 s up to 1800-50°C, where the sample is kept
prepared C& -doped SiQ-based glasses densified at differ- for approximately 10 s before a rapid cooling in air. The
ent temperatures up to 1050“Caccompanied by a strong temperature was monitored by an optical pyroméberpac
reduction of the OH groups Concentraﬁ6nevea|ed that IE 120) Working at 514 nm emission. The dimensions of the
densification up to 1050 °C leads to a much higher luminessamples were approximately<sXx1 mm.
cence efficiency with respect to lower densification tempera- ~Moreover, for comparison a X7x1 mm plate of
tures. Following this investigation line, in the present work, BizGe&,0,, (BGO) single crystal of high quality grown by
we show the effect of a postdensification rapid thermal treatBridgman technique at the Shonan Institute of Technology,
ment (RTT) at T=1800 °C described next, by which it is Fujisawa, Japan, was also measured.
possible to increase the €e luminescence intensity in a X-ray excited radioluminescencéRL), ??Na excited
scintillation decays and IR optical absorption measurements
JAuthor to whom correspondence should be addressed; electronic malV€re performed using apparatuses elsewhere descfibéd.
anna.vedda@mater.unimib.it RT optical absorption measurements in the 1100-185 nm
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FIG. 1. RT RL spectra under 20 kV x-ray excitation. Curve A, undoped 0.1
SiO,; curves B and C, 1050 °C densified $i0.1% Ce before and after ’
RTT treatment, respectively; curve D, BGO crystal. Inset 1 shows the de-
pendence of RL intensity upon temperature for 1050 °C densified
Si0,:0.1% Ce before and after RT(full squares and full circles, respec- true background
tively). Inset 2 displays RL intensity vs Ce concentration before Killed 0.01 5 160 260*+ 360* T
squaresand after RTT(filled circles. The data are normalized to the inten- )
sity of Si0,:0.1% Ce after RTT. The error on the data does not exceed 20%. Time (ns)

FIG. 2. RT scintillation time decays under excitation®Byla gamma source

wavelength interval were also performed, by a Varian Car)&;rsir'n%r;gllitg;eﬂ?igfkog?t’ininodusﬁﬁ;fﬂ‘fg'”z;'?it_com'”uous line, ex-
50 spectrophotometer.

The effect of the RTT treatment on RT RL spectra is
displayed in Fig. 1: curve A is relative to an undoped glasscomponents with a decay time comparable to or longer than
which does not display any emission band under the presetite excitation gamma—photon frequent30 KHz) is re-
irradiation conditions; curve B refers to 1050 °C densifiedflected in an increase of background le{ieéfore the rising
Si0,:0.1% Ce and curve C to a similar glass after RTTedge of the decay cury&ith respect to the true instrumental
treatment. For comparison, the RL spectrum of the BGQone measured after removing the sample. Slow decay pro-
crystal is also reportefturve D]. The emission, centered at cesses, also named “afterglow processes,” are due to delayed
approximately 2.7 eV and related to ¥ebd—4f transition,  radiative recombination between electrons freed by defects
is increased by a factor of 6 after the RTT treatment WithOUTacting as shallow traps and recombination Centers“‘(Ce
significant spectral shape modifications. Thus, the RTTions in this case® The relevance of such decay components
treated glass displays a particularly strong luminescencgan be described by the use of the coefficiemmeported in
whose integral, in the present irradiation conditions, well €XFig. 2. It is defined as the ratio, multiplied by 100,lgf(i.e.,

ceeds that of a BGO crystédy approximately a factor of)2  he gifference between the signal level before the excitation
Moreover, the RTT treatment does not affect the '[emperatur5u|se|S and the true background, see Fiyt@the maximum

dependence of the RL as dgpicted in inset 1 c_>f Fig. 1: On‘?ntensity of the C& decay component,. After RTT, «
notes that onIy.a slight Iumlnescgnce quenqhmg oceurs af s out to be around 2.5; this value, compared with3
temperatures higher than 200 K in both cates, before obtained prior to RTT, indicates that the RTT procedure

and after RTT' Inset 2 shows the RL intensity versus*Ce slightly lowers the intensity of very slow decay components.
concentration beforgfull square$ and after RTT (full M .
The enhancement of the emission intensity as a conse-

circles. Before RTT, a marked decrease of the RL intensity . ; .
is observed by increasing the Teconcentration. Such a quence of the RTT at a high temperature might be ascribed to

decrease might be explained either by a nonuniform incorpo§everal factors, likéi) a further decrease of the OH content

N . L ) . .
ration of C&" ions with the possible occurrence of aggre-m the glgss,(u) a conv.er3|on. of C¥ ions into C&" lumi-

gates, or by valence variations leading to the presence d}esc_ent lons, O("”)_ a dissolution of Ce-based a_ggregates. To
Cé'*. These effects might become important already at relaMonitor the possible role played by the residual OH, the
tively low concentrations well below 1%. After RTT, a infrared spectra of samples before and after the RTT were

strong RL increase is observed in all cases, with a less stedpeasured. Figure 3 shows the absorption spectra in the re-
concentration dependence. gion of the OH combinatioistretching and bendingnodes
Moreover, scintillation decay measurements using dof 0.05 and 0.5 mol% Cé-doped glasses. The peak at
22Na source were performed at RT both before and afteRbout 4521 cm' is attributed to the silanalSi-OH) com-
RTT. The results are shown in Fig. 2 for the 1050 °C densibination mode: from the peak amplitude, the OH concentra-
fied glasgFig. 2(a)] and for the RTT-treated or{€ig. 2(b)]. tion was evaluated, following Ref. 18. For both*econ-
In both cases, the very fast component with time decay lowegentrations, there are no meaningful changes both of the
than 0.1 ns is caused by direct excitation of the photomultispectra(in Fig. 3, compare curve A with curve B, and curve
plier cathode by gamma photons of the excitation sourceC with curve D, respective)yand of the OH concentration,
The dominant decay component of about 50 ns is related tas a consequence of the RTT. In fact, the OH concentrations
the allowed C&" 5d—4f radiative transition, and its value is before and after RTT are 1.09 and 1.02 mol % for the sample
unaffected by the RTT treatment. The presence of decawith 0.5 mol% Ce, and 0.94 and 0.91 mol % for the sample
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sl T T ' : ' ' " ] for sufficiently large rare-earth movements of the order of
. 3000 A.
Al g e . | In conclusion, the RTT performed on glasses already
R4 densified at 1050 °C appears to be a very significant tool in
:05 . order to increase their luminescence performances. Further
r A8 * o 1 improvements of the emission intensity could be achieved if
2 "\ o S To0n 250 1600 1750 the residual OH amour(presently e_stimated ael mol %) '
8 2r Temperature (°C) § could be decreased by applying suitable chemical and physi-
= . cal treatments to the xerogels.
T ¢ | This work was performed in the frame of the INFM
PAIS Project “Novel Luminescent Materials for X-ray De-
0 \ . . . . f , tection”, 2001. The authors wish to thank Dr. Ishii of Dai-
4200 4300 4400 4500 4600 4700 4800 4900 8000 ichi Kiden Co., Ltd. Tokyo, Japan for growing the BGO

-1
Wavenumber (cm”) crystal.

FIG. 3. Effect of the RTT on RT optical absorption spectra in the Si—-OH

combination mode region for samples with different®Ceoncentrations. 1 ) ) . . L

Samples doped with 0.5 mol %: Curve A before RTT, curve B after RTT. ~P- A- Rodnyi,Physical Processes in Inorganic Scintillato€RC, New
Samples doped with 0.05 mol %: Curve C before RTT, curve D after RTT. 2Y0rk, 1997. o

For clarity, curves A and B are shifted on the ordinate scale by 1.5 cin E. Auffray, D. Bouttet, I. Dafinei, J. Fay, P. Lecog, J. A. Mares, M. Mar-
the inset, the OH concentration ), as evaluated from the 4521 ¢ tini, G. Maze F. Meinardi, B. Moine, M. Nikl, C. Pedrini, M. Poulain, M.
peak amplitudeaccording to Ref. 19 is plotted vs the thermal treatment Schneegans, S. Tavernier, and A. Vedda, Nucl. Instrum. Methods Phys.

. . Res. A380 524(1996.
0,
temperatuie for samples doped with 0.5 mol 9% Céstarg and with 0.05 3M. Martini, F Meinardi. A. Vedda, I. Dafinei, P. Lecog, and M. Nikl, Nucl.
mol % Cé™ (open circles

Instrum. Methods Phys. Res. B6 116(1996.
4C. Dujardin, C. Pdrini, M. Moysan, J. Y. Carre, G. Maze J. Jiang, G.

. - Zhang, and M. PoulainProceedings of the International Conference on
0
with 0.05 mol % Ce, respectively. It should be remarked that Inorganic Scintilators and their ApplicationéSCINT97), Shanghai, P. R.

most of the Si—-OH groups are already removed from the of china, 22-25 September 1997, edited by Y. Zhiwen, L. Peijun, F. Xig,
xerogel, as a consequence of the previous thermal treatmentand X. zhilin (CAS Shanghai Branch, 1987. 376.
at temperatures below 1050 °C, as shown in the inset of Fig® G- Zanella, R. Zannoni, R. Dall'igna, B. Locardi, P. Polato, M. Bettinelli
Lo . and A. Marigo, Nucl. Instrum. Methods Phys. Res345 198(1994).
3, where the OH concentration is plotted as a fun(?tIO.n of th,eeG. Zanella, R. Zannoni, R. Dall'lgna, P. Polato, and M. Bettinelli, Nucl.
thermal treatment temperature. Therefore, the radiative emis-nstrum. Methods Phys. Res. 359, 547 (1995.
sion enhancement induced by the RTT cannot be attributedsS. Baccaro, R. Dall'lgna, P. Fabeni, M. Martini, J. A. Mares, F. Meinardi,
to a further removal of OH. Alternatively, the possible con- M- Nikl, K. Nitsch, G. P. Pazzi, P. Polato, A. Vedda, G. Zanella, and R.
i f CA* ions into C&8" was also considered as a o2 oM J. Lumin87, 673(2000.
version o - 8G. E. Malashkevich, I. M. Melnichenko, E. N. Poddenezhny, and A. A.
cause of the RL increase after RTT. The presence 4f Ce Boiko, J. Non-Cryst. Solid260, 141 (1999.
was monitored by optical absorption measurements at R‘I":’ﬁ-gg\éeiping, Z. Ye, and Z. Lide, J. Phys.: Condens. Mattér L473
Prehomlnary results obtamed. on th.e sample doped with O.O@OR_ Reisfeld, A. Patra, G. Panczer, and M. Gaft, Opt. Maiar81 (1999,
mol % Ce showed that the intensity of the 4.8 eV band re4ix 1onooka and 0. Nishimura, J. Lumig?, 679(2000.
lated to charge transfer transition of Cé%2!is slightly  2H. Li, S. Inoue, K. Machida, and G. Adachi, J. LumBi, 1069(2000.
increased(~20%) by RTT, indicating that this treatment BE- |t9h,é\l7- *é?ggtgbg- Shimazu, C. Satoh, K. Tonooka, and K. Yamada, J.
H H H H H umin. y .
gives rise to a small increase O.f@elons In th.e glass._ Thus, 1P, Dorenbos, J. C. van't Spijker, and C. W. E. van Hifkpceedings of the
the observed phenomenology is more consistent with the oc-|ntermational Conference on Inorganic Scintillators and their Applications
currence, during RTT, of dissolution of Ce-based aggregates(SCINT97, Shanghai, P.R. of China, 225 September 1992dited by Y.
giving rise to a better dispersion Of Ce ionS, main'y |.m 3 Zhglz)e;], L. Peijun, F. Xiqi, and X. Zhilil’(CAS Shanghai Branch, 1997
Valer,lce stat¢as evidenced t?y the strong R,L incrensert 15M. Nikl, K. Nitsch, E. Mihokova, N. Solovieva, J. A. Mares, P. Fabeni, G.
also in the 4 valence statéevidenced by the increase of the  p pazzi, M. Martini, A. Vedda, and S. Baccaro, Appl. Phys. L& 2159
4.8 eV bandl It is worth noting that the tendency to the Ce (2000.

M. Martini, F. Morazzoni, M. Nikl, R. Scotti, and G. Spinolo, Nucl. In-

Sl—_O structures as G8i,0; (R_’ef. 29 or CQL_67S_|301_31 in strum. Methods Phys. Res. 486, 259 (2002.
which concentration quenching of €e emission is very s Baraldi, R. Capelletti, N. Chiodini, C. Mora, R. Scotti, E. Uccellini,
likely. Moreover, trivalent rare-earth ion clustering was al- ,s2Nd A. Vedda, Nucl. Instrum. Methods Phys. Resi&% 408 (2002.
ready observed in Eli-doped sol—gel silica glassé&sWe gelli\g.sZDO?I;?igg%arwaL M. Tomozawa, and K. Hirao, J. Non-Cryst.
remark that prellmlnary measurements performed ono; o Stroud, J. Chem. Phyas, 844 (1961.
samples codoped with G concentrations up to 8 mol %, 20y, ishii, K. Arai, H. Namikawa, M. Tanaka, A. Negishi, and T. Handa, J.
showed the presence of an absorption peak at about 425310\m- Ceram. Soc70, 72 (1987.
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x 10~ cm?/s which, in the RTT time interval, would allow  (2000.

Downloaded 23 Apr 2013 to 130.15.241.167. This article is copyrighted as indicated in the abstract. Reuse of AIP content is subject to the terms at: http://apl.aip.org/about/rights_and_permissions



