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a b s t r a c t
We have investigated the role of the Si excess on the photoluminescence properties of Er-doped Si
nanoclusters (Si nc). We demonstrate that the Si excess has two competing roles: when agglomerated
to form Si nc it enhances the Er excitation efﬁciency but it also introduces new non-radiative decay channels. When Er is excited through an energy transfer from Si nc, the beneﬁcial effect on the enhanced excitation efﬁciency prevails and the Er emission increases with increasing Si content. The luminescence
quenching processes limiting quantum efﬁciency in Er-doped Si nc light emitting devices are investigated
and identiﬁed. It is found that carrier injection, while needed to excite Er ions through electron–hole
recombination, at the same time produces an efﬁcient non-radiative Auger de-excitation with trapped
carriers. The maximum excited Er fraction in this system is only of the order of percent. In order to
increase the concentration of excited Er ions, a different approach based on Er silicate thin ﬁlms has been
explored. Under proper annealing conditions, an efﬁcient luminescence at 1535 nm is found and all the Er
ions in the material are optically active. The possibility to efﬁciently excite Er ions also through electron–
hole mediated processes is demonstrated in nanometer-scale Er–Si–O/Si multilayers.
Ó 2008 Elsevier B.V. All rights reserved.

1. Introduction
Electrical interconnections based on metal lines represent today
the most important limitation on the performances of Si-based
microelectronic devices. The parasitic capacities generated at the
metal/insulating/metal capacitors present in the complex multilevel metallization schemes currently used, the intrinsic resistivity
of the metal lines, and the contact resistance at the metal/metal
interfaces constitute the main contributions to the delay in the signal propagation. A deﬁnitive solution to this problem could be represented by the use of optical interconnections. However, since Si
is intrinsically unable to emit photons with a reasonable yield
due to its indirect bandgap, the main limitation to this approach
is represented by the lack of an efﬁcient Si-based light source,
although recent major breakthroughs in this ﬁeld have been represented by the observation of optical gain in Si nanocrystals [1], by
the development of a Si Raman laser [2], and by the observation of
electroluminescence (EL) from Si nanocrystals ﬁeld-effect transistors [3].
Among the efforts done by the scientiﬁc community to efﬁciently produce photons from Si, the introduction of erbium ions
has a leading role. Indeed, Er ions emit at 1.54 lm, which is a stra* Corresponding author. Tel.: +39 095 5968228; fax: +39 095 5968312.
E-mail address: fabio.iacona@imm.cnr.it (F. Iacona).
0925-3467/$ - see front matter Ó 2008 Elsevier B.V. All rights reserved.
doi:10.1016/j.optmat.2008.10.002

tegic wavelength for telecommunication, because it corresponds to
a minimum in the loss spectrum of the silica optical ﬁbers. Er doping has been successfully used for the fabrication of silica-based
waveguides operating in the IR region [4]. Furthermore, when Er
and Si nanoclusters (Si nc) are put together in a SiO2 matrix, Si
nc act as an efﬁcient sensitizers for Er ions [5–10], owing to the
Er excitation cross section which is more than two orders of magnitude higher with respect to the Er resonant absorption of a photon [8]. In spite of the observed strong photoluminescence (PL)
enhancement, the maximum fraction of excited Er ions achievable
in this system is still a matter of debate [11–13]. Light emitting devices based on SiO2 layers containing Er-doped Si nc have been
successfully fabricated [14,15], by exploiting the electrical conductivity exhibited by this material.
A new and completely different approach that may allow to
overcome some limits of Er doping is represented by erbium compounds, such as oxides [16,17] or silicates [18–20]. In these compounds Er concentration (about 1022/cm3) is orders of magnitude
greater than that typically obtained by ion implantation, allowing
the access to a huge amount of emitting centers.
In this paper, we report our study on the luminescence properties of Er-doped Si nc formed by thermal annealing of SiOx ﬁlms
having different Si contents. We demonstrate that the Si excess
has a double role. In fact it enhances the Er excitation efﬁciency
due to the sensitization role of the Si nc, but, on the other side,

