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Non-volatile memories has become one
of the most promising tecnologies for
nanocrystal based structures in utra-dense
memory  applicaions [1,2]. The low
dimensionality impaoses an operation amost
entirely ruled by the quantum medanics laws,
and the quantum tunneling of confined eledrons
between the QD and the channel is one the key
medhanisms for the write/erase operations.

In this work we perform the numerical
analysis of the tunneling time of eledrons from
the channel into the silicon nanocrystal (NC) by
investigating the role of the gplied voltage, shape
of the NC, tunneling oxide thickness, charging
and dopng effeds. The retention time of eledrons
inside the NC is also addres=d.

Self consistent cdculations of the
Schrodinger and Poisson equations are performed
in order to oktain the 3D device potential. The
eledronic states inside the NC and the channel are
ohtained by solving the 3D Schrodinger equations
(2) corresponding to the threetwo-fold-degenerate
valley band structure (v = 1,2,3). In Eq. 1, M, is
the dedron effedive mass tensor that describes
different effedive masses arising from anisotropy
of the Si band structure. The tunneling time from
a—m dtate in the channel to a —n state inside the
NC is estimated by using the Fermi’s Golden and
the Bardeen Transfer Hamiltonian [3] (2).
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The etimated  tunneling  times
dependence on the tunneling oxide thickness for
different shapes, gate voltages, charging and
doping conditions for a 70A wide NC based
structure is investigated. We found that the
tunneling processinto the NC is very sensitive to
the oxide thickness and changes of few angstroms
can dramaticdly improve the tunneling time by
several orders of magnitude. But the striking
feaure is that the shape of the NC plays
significant role in the performance of the device
The sphericd shape provides better confinement,
resulting in smaller penetration in the oxide
barrier, and consequently longer tunneling times.
When hard walls are introduced, the
wavefunctions read longer penetration depths,
causing a better coupling between the
wavefunctions in the channel and NC, turning the
tunneling easier. Thisis just the oppasite of what
would be expeded, once the larger NC volumes
provide larger density of states, and consequently
increasing the number of states to be occupied for
eledrons coming from the channel.
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