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Nanocrystal memories constitute the most promising type of non volatile memories. They can
be realised by forming a two dimensional (2D) layer of Si nanocrystals (ncs) embedded in the
gate oxide of a field effect transistor [1]. These “nanomemories” allow a dramatic reduction
of the number of electrons involved in the charge storage mechanism and present higher
charge storage capabilities at low power [2].
In this work, we try to manipulate and control the depth-position of 2D layers of Si ncs
embedded in thin SiO2 layers, fabricated by low energy ion implantation [3]. The aim of this
work is more precisely the structural characterisation of these layers by TEM (Transmission
Electron Microscopy) in order to understand the electrical characteristics and thus to optimise
these systems as memories.
For this, we have followed the evolution of the ncs population characteristics as a function of
the implantation and annealing conditions. For this purpose we have developed a TEM
method for accurate distance measurements [4]. We show that the injection distance can be
decreased only by increasing the implantation energy or by decreasing the nominal oxide
thickness (Fig. 1). In this later case, the ncs layer can even be positioned at tunnel distances
from the channel (Fig. 1(c)). We have also studied the effect of the implantation dose and
evidenced an anomalous swelling of the SiO2 layer that we attribute to the partial oxidation of
the injected dose, during the implantation stage. The effect of the annealing temperature and
atmosphere have also been tested. Annealing under an oxidising ambient leads to an increase
of the control oxide while the injection oxide remains unaffected. Moreover, EF-STEM
(Energy Filtered Scanning TEM) examination shows that oxygen promotes the separation of
coalesced clusters into individual ones and subsequent increase in cluster areal density (Fig.
2).
This systematic structural study has allowed to understand the electrical characteristics of the
associated devices and their evolution with the process conditions. Charge storage takes place
within the ncs but is probably assisted by tunneling through traps (Si in excess) in the oxide.
The injection of oxygen during annealing seems to increase the memory windows and to
improve the data retention times. This is probably due to an improvement of the quality of the
control oxide through the reduction of the Si in excess [5].
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Fig. 1 Cross-sectional TEM images under defocused Bright Field conditions for samples implanted at 1 keV
with a dose of 1016 cm-2 for nominal oxide thickness varying from 10 to 5 nm. All the samples have been
annealed at 950°C for 30 min in N2 ambient.

Fig. 2 EF-STEM images of the sample implanted with Si+ at 1 keV with a dose of 1016 cm-2 being annealled at N2
atmosphere (a) and subsequently oxidised (b).
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