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Abstract

We communicate for the first time on the absorption and strong visible luminescence spectra of the film structures “Er-doped
titania xerogel/porous anodic alumina”.
0 2004 Elsevier B.V. All rights reserved.
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1. Introduction minescence. Among different mesoporous materials,
the porous anodic alumina [1] exhibiting a regular pore

Thin films doped with luminescent lanthanide ions morphology with cyli_ndrical pores running perpen_di_c-
have attracted considerable attention because of man))‘”ar to the surface IS, probably, the most promising
potential applications in optical technologies and op- one. The controlled sizes of the pores can be betw_een
toelectronics. The low-cost sol-gel techniques allow 10 and 200 nm and the th!ckness of the porous film
synthesis of diverse highly doped xerogel films on up to 200 pm can be achieved (see,_e.g., Ref. [2]).
different substrates and also in the pores of meso- Strongly enha_nced_ Er, Tb, and Eu_Iumme_scence from
porous materials. The film structures “mesoporous xerogels confined in porous anodic alumina has been

material/lanthanide-doped xerogel” have attractive reported recently (see, e.g., Ref. [2] and references

physical properties and a strong lanthanide-related lu- Fherem). Eremission n these structures h_as been Su.Jd'
ied near 1.53 pm. This wavelength falls into a maxi-

mum transparency window of optical fibers.
" Corresponding author. Among the investigated xerogels, titania was found
E-mail address: popova@isan.troitsk.ru (M.N. Popova). to be an appropriate host material revealing strong
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Table 1
Samples used for spectroscopic studies
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Sample Electrolyte Anodizing duration Average pore Xerogel composition Number of spin-on
(hours) diameter (nm) BO3/TiO2 (Wt.%) depositions

B4N1 Oxalic acid 12 40 230 9

B4N2 Phosphoric acid 18 80 280 9

B4N3 Phosphoric acid 12 80 580 7

B4N4 Phosphoric acid 18 80 580 5

luminescence of the embedded Er [3], Tb [4], and
Eu [5] trivalent ions. The 1.53 pm emission from Er-
doped titania obtained via sol-gel route [3] and laser

repeated from 5 to 9 times. Finally, the annealing at
900°C for 30 min in ambient atmosphere was applied
to activate the Er ions. The description of samples used

ablation [6,7] was reported, whereas less attention hasin experiments is presented in Table 1.

been payed to the green emission frorA'Er

In this Letter we report on our spectroscopic studies
in a wide spectral range of both luminescence and
absorption of titania xerogels, highly doped with
erbium, confined in porous anodic alumina membrane.
Visible luminescence of Bt is discussed.

2. Experimental

The mechanically and electrochemically polished
aluminum foils (99.999% purity) were used to prepare
porous anodic alumina (PAA) freestanding films. An-
odizing was performed in 0.24 M phosphoric acid so-
lution at a constant current 6 miAn?, and in 0.3 M
oxalic acid solution at a constant voltage 40 V. The sat-
urated HgGl solution was further used to separate the
PAA film from the aluminum foil. Typically the film
thickness of anodic alumina membrane was found to
be 125 and 90 pm after anodizing within 12 hours in
oxalic acid solution and 11 hours in phosphoric acid
solution, respectively.

Coatable colloidal solution of tetraethilorthotitanate
Ti(OCzHs)4 in a homogeneous phase with the mixture
of water and 96% ethanol (56 by volume) was used
as a precursor for fabrication of Er-doped 3ifims.
The concentration of Ti®@in the prepared sols was
27 mg/ml. Further, the certain amounts of erbium ni-
trate were added to sols (see [3] for the details) for
fabrication of TiQ xerogel films containing 20 and 50
wt.% ErnOs3. Deposition of sol into pores of anodic
alumina was performed by spin-on route at 2700 rpm
for 30 s followed by drying at 200C in air for 10 min.

To achieve more complete filling of the pore volume
with xerogel [8,9], the spinning and drying steps were

The visible luminescence of the samples at room
temperature was excited either by the third harmonic
of the YAG-Nd laser fexc = 355 nm) or by the out-
put radiation of an optical parametric oscillator (OPO)
(Lexc = 488 nm) pumped by the third harmonic of a
Q-switched Nd:YAG laser. An intensified optical mul-
tichannel analyzer (OMA) was used for the detection
of the luminescence. Luminescence spectra were not
corrected for the sensitivity of the detector.

To detect the absorption spectra, we combined
together up to six samples of freestanding films
which enhanced an effective thickness of an erbium-
containing material. Such a stack was put into a
helium-vapor cryostat with variable temperature (4.2—
300 K). The spectra were obtained in the spec-
tral region 6000-13000 cmt with resolution up to
0.5 cnt?, using a Fourier-transform spectrometer
BOMEM DA3.002. Liquid nitrogen cooled InSb and
Si detectors for different spectral regions were used.

3. Experimental resultsand discussion

Fig. 1 shows the spectra of a visible room-tempera-
ture Er luminescence from three different samples
under the 488 nm excitation into the Ie\7‘§|7/2. Three
different bands centered at 521, 544, and 658 nm are
observed. They correspond to the radiative transitions
from the level$H11/2, 4Sg/2, and*Fg), to the ground
level 4l15/2. The emission bandHi12 — “l152
freezes out at decreasing the temperature, due to
a rapid phonon relaxation from théHll/z level
to the level Sz, that lies 800 cm! lower. At
ambient temperature, the levéH11/, is thermally
populated from the Ieve‘183/2. The intensity of the
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Fig. 1. Room-temperature visible luminescence spectra of three dif-
ferent freestanding films of erbium-doped titania xerogel confined
in porous anodic alumina under the 488 nm excitation.
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Fig. 2. Room-temperature visible luminescence spectra of a free-
standing film of erbium-doped titania xerogel (the sample B4N4)

confined in porous anodic alumina and of a sol-gel erbium-doped
glass under the 355 nm excitation.
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Fig. 3. Room-temperature transmission spectra of three different
freestanding films of erbium-doped titania xerogel confined in
porous anodic alumina and of a sol-gel erbium-doped glass, in the
region of the*l15/, — #1135 transition in EF+.

levels 4Fs)2, 2Hoj2, 2Gy/2, and ?Gg, is observed
which testifies a low relaxation rate. Possibly, a low
relaxation rate is due to a suppression of the low-
frequency part of the phonon density of states due
to confinement efects [10]. For a comparison, Fig. 2
shows also the luminescence of an erbium-doped sol-
gel quartz glass under the excitation 355 nm. The
emission is weak and consists of several very broad
superimposed bands, t1&;/> — 41152 band being
the strongest one.

The absorption spectra consist of both broad bands
typical for disordered glass-like media and relatively
narrow lines typical for a crystalline matrix. In the
region of the*l15/2 — 4113/ transition of EF* there
are, for example, two broad bands centered at 6535
and 6800 cm! (see Fig. 3). The spectrum of the
erbium-doped sol-gel glass (also shown in Fig. 3)
exhibits similar bands. The narrow lines that are
superimposed onto a broad-band spectrum further

strongest green band at about 545 nm is approximatelynarrow on decreasing the temperature and some of

proportional to the produaf (Ern N, whereC (Er) is
the concentration of O3 in a xerogel andN is
the number of spin-on depositions (see Fig. 1 and
Table 1). It is worth noting that no concentration
guenching occurs up to the #3 concentration as
high as 50 wt.% in xerogel.

The spectrum of the Er luminescence under a
short-wavelength excitation 355 nm is more reach
(see Fig. 2). Additional emission from high-lying

the lines freeze out (Fig. 4). The latter spectral lines
originate, evidently, from excited Stark sublevels of
the ground level®l1s2 split by the crystal field.
The number of lines at low temperature exceeds the
maximum allowed number for the transition to the
41132 crystal-field manifolds = J + 1/2 = 7 (here

J = 13/2 is the total momentum), which indicates
either two different positions for Bt in a crystalline
matrix or the presence of two different crystalline
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Fig. 6. Low-temperature transmission spectra of two different
freestanding films of erbium-doped titania xerogel confined in
porous anodic alumina in the region of tfé5, — #1112
transition in EF.

Fig. 4. Transmission spectra of the sample B4AN4 at different
temperatures in the region of ttfdy5, — 4113/, transition in
Ert.
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Fig. 5. Low-temperature transmission spectra of three different Wave number (cm”)
freestanding films of erbium-doped titania xerogel confined in
porous anodic alumina in the region of tﬁhls/z N 4|13/2 Fig. 7. Low-temperature transmission spectra of two different

freestanding films of erbium-doped titania xerogel confined in
porous anodic alumina in the region of l‘ﬂqs/z — 4I9/2 transition
st

transition in EFt.

phases. Fig. 5 compares the low-temperature spectraIn :
of three different samples. Two narrow lines at about
6590 and 6620 cmt are present in all the three like xerogel or into some microcrystallites inside a
spectra while the rest of the narrow-line spectra differ glass-like matrix.

considerably. Thus, different crystalline phases are In summary, we have performed a spectroscopic
present. E/O3 is not among them, as follows from study of freestanding films of highly erbium-doped
our earlier spectroscopic study of erbium oxide. The titania xerogels confined in porous anodic alumina.
relative intensities of a broad-band and a narrow-line Both absorption and luminescence spectra were reg-
absorption spectra depend on a particular sample (seestered. A strong erbium-related visible luminescence
Figs. 5-7, and Fig. 3). These two contributions come, was observed in all the samples. Absorption studies
probably, from the erbium ions embedded into a glass- were performed for the first time and revealed two
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