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dot in the channel with a charging energy as well as a level spacing
consistent with a 2 nm wide channel that extends from source to drain.
These FinFETSs are not only relevant as future MOSFETS, since the
formation of an ultra-small edge channel due to the triple-gate geom-
etry is also very interesting for fundamental physics, e.g. to study a
single impurity in a semiconductor.

[1] H. Sellier et al., submitted to Appl. Phys. Lett.

[2] D. Hisamoto et al., IEEE Trans. Elec. Dev. 47 (12), 2320 (2000)

[3] For instance: J.G. Fossum et al., IEEE Elec. Dev. Lett. 24 (12),
745 (2003)

[4] B.S. Doyle et al., IEEE Elec. Dev. Lett. 24 (4), 263 (2003) &
W. Xiong et al., IEEE Elec. Dev. Lett. 25 (8), 541 (2004)
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There is a current upsurge in research on nonvolatile two-terminal
resistance random access memory (RRAM) for next generation elec-
tronic applications. The RRAM is composed of a simple sandwich of
a semiconductor with two metal electrodes. In this talk we shall: (i)
review some of the essential features associated with RRAM behavior,
such as hysteresys and multilevel resistance switching. (ii) introduce a
basic model for RRAM with the made assumption that the semicon-
ducting part has a non-percolating domain structure. (iii) present and
discuss the behavior of the model investigated with numerical simu-
lations that allows to understand the carrier transfer mechanisms in
detail, and see how our model captures three key features observed
in experiments: multilevel switchability of the resistance, its memory
retention and hysteretic behaviour in the current-voltage curve. A
very interesting aspect of our investigations is that they suggest that
strong correlation effects are crucial for important resistance switching
features.

[1] M. J. Rozenberg, I. H. Inoue and M. J. Sinchez, Phys. Rev.
Lett. 92, 178302 (2004).

(2] M.J. Rozenberg, 1. H. Inoue and M. J. Sdnchez, Thin Solid Films,
486, 24 (2005).

[3] M.J. Rozenberg, 1. H. Inoue and M. J. Sénchez, App. Phy. Lett
88, 033510 (2006).
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AlGaN/GaN based high electron mobility transistors (HEMTs) have
been subject of extensive investigations in the last years. Their per-
formance makes them suitable for power amplifiers in infrastructure
base station applications. In order to fully develop the potential of the
device, an accurate simulation model is needed.

Material models which incorporate the basic characteristics of the
underlying physics in a given semiconductor material are the core of
device modeling. We employ a Monte Carlo technique to investigate
stationary electron transport in GaN and AlGaN [1]. A special ap-
proach on the piezoelectric scattering mechanism taking care of the
hexagonal crystal structure is used. We obtain a set of model pa-
rameters which gives agreement with experimental data available for
different physical conditions (doping, temperature, field, etc.). Such a
calibrated set of models and model parameters delivers valuable data
for low-field mobility, velocity saturation, energy relaxation times, etc.

We use these data as a basis for the development of analytical models
for the numerical simulation of GaN-based electron devices. As a par-
ticular example we analyze an AlGaN/GaN HEMT with 1,=600 nm
from IAF using the two-dimensional device simulator Minimos-NT [2].
We study the penetration depth of the drain/source metal contacts

which may build an alloy with the AlGaN supply layer. In order to
properly describe the two-dimensional electron gas in the channel, the
value of the positive polarization charge density at the AlGaN/GaN
interface is assessed. Since the longitudinal electric field in the channel
reaches peak values of above 500 kV/cm, a hydrodynamic approach is
used to properly model the electron transport and energy relaxation.
We further assess the impact of thermionic emission and field emis-
sion (tunneling) effects which critically determine the current transport
across the heterojunctions.

Our results allow not only to get a good agreement between sim-
ulation and measured electrical data, but to gain understanding and
insight in the effects taking place in the device.

[1] V. Palankovski et al., Proc. 5th MATHMOD, CDROM, Vienna,
2006.

[2] http://www.iue.tuwien.ac.at/software/minimos-nt.
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Current micro/nanoelectronics technology pushes device dimensions

toward limits where the traditional semiclassical Boltzmann theory can
no longer be applied, and more rigorous quantum-transport approaches
are required, in which a non-trivial interplay between phase coher-

ence and dissipation/dephasing, also induced by the spatial boundaries

forces a real-space treatment.
Such a real-space description is naturally provided by the Wigner-

Function Formalism (WFF) in which the statistical quantum state of |

the electronic subsystem is fully described in terms of the Wigner func-
tion, defined over the phase-space as the Weyl-Wigner transform of the
single-particle density matrix.

Different approaches based on the WFF have been proposed. On
the one hand, starting from the pioneering work by Frensley, a few
groups have performed simulations based on a direct numerical solu-
tion of the Wigner Transport Equation (WTE) by imposing the stan-
dard boundary-condition scheme of the semiclassical device modelling,
also called U-scheme.

On the other hand, recent applications of a generalization of the well-
known Semiconductor Bloch Equations (SBE) suggested an intrinsic
limitation of the conventional WFF in describing quantum-transport
phenomena through systems with open boundaries, but no clear ev-
idence of them has been reported so far via numerical WTE simula-
tions.Aim of this work is to solve this apparent contradiction, thus
shedding light on the real limitations of the conventional WFF applied
to open-device modelling.

We consider the one dimensional WTE in stationary conditions and
in the absence of scattering mechanism: in total agreement with the
numerical results of the generalized SBE presented in, we prove that,
for any symmetric potential profile, the spatial charge density is al-
ways symmetric, no matter which is the shape of the injected carrier
distribution. Since, however, such symmetric behavior has never been
observed via finite-difference calculations as computed in, we further
investigate this contradiction by analytically solving the WTE for the
particular case of a cosine-like device potential profile: we show that
the difference between our analytical results and the finite difference
approach is due to a misalignment of the kinetic and the potential
terms in the discretisation process. Indeed, by correcting for the latter,
we recover our analytical result. Moreover, even with extremely sim-
ple spatial boundary conditions (monoenergetic and unilateral carrier
injection), we are immediately faced with a symmetric spatial density
which is non negligibly negative. This leads us to our main result:
the analytical solution of the Wigner transport equation in systems
with open boundaries is not necessarily a Wigner function, that is, the
artificial spatial separation between device active region and external
reservoirs is intrinsically incompatible with the non-local character of
quantum mechanics [1].

(1] L. Genovese, D. Taj, F. Rossi, arXiv:cond-mat /0506757 v1 (2005)
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