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Introduction
The trend toward ultra-short gate length MOSFET re-
quires a more and more effective control of the channel 
by the gate leading to new architecture like double-gate, 
tri-gate, omega-gate, and four-gate (or gate-all-around) 
MOSFETs. Recent advances in nanoscale fabrication 
techniques have shown that semiconductor nanowires 
are becoming promising candidates for next generation 
technologies. In particular, silicon nanowire transistors 
have been demonstrated by several research groups 
with cross-sectional dimensions in the range of several 
nanometers.

To address a strong quantum conþ nement effect in a 
nanowire cross-section, SILVACO has recently enhanced 
its Quantum Module [1]. Along with a general 2D 
Schrºdinger solver valid for any cross-sectional shape, 
a new solver was developed to speciþ cally account for 
the natural cylindrical symmetry of the nanowire. This 
article presents these new features.

Nanowire: Geometry and Structure
In Figure 1, a scheme of a nanowire channel is shown. It 
is obvious this type of device is 3D by nature.

As the purpose of this article is to demonstrate the ca-
pability of ATLAS-Quantum to compute the wavefunc-
tions, eigen states and carrier concentration in such a de-
vice, two structures will be considered, see Figure 2. The 
þ rst structure (Figure 2a) is a cross-section perpendicular 
to Z-axis, and the second one (Figure 2b) is the half-plane 
passing through the axis of the cylinder.

Simulations
To þ nd eigen states and carrier concentration in the cross-
section perpendicular to Z-axis (Figure 2a), ATLAS will 
solve a 2D Schrºdinger equation on a general triangular 
mesh. The anisotropy of effective mass is automati-
cally taken into account in the discretized equation. For 

example, in silicon nanowire the wave functions and 
eigen energies will be found for each of the three types 
of conduction band valleys with effective masses (MX, 
MY, MZ) along X, Y and Z axes equal to (MT1, ML, MT2), 
(MT2, MT1, ML) and (ML, MT2, MT1).

Figure 1. Scheme of the channel of a nanowire (electrodes are 
not drawn).




