
The Simulation Standard Page 4 November 2006 November 2006 Page 5 The Simulation Standard

Introduction

The trend toward smaller MOSFET devices with 
thinner gate oxide and greater doping is resulting in 
the increased importance of quantum mechanical ef-
fects, which are observed as shifts in threshold volt-
age and gate capacitance. Predicting these quantum 
effects requires solving the Schrodinger equation. 
This article presents the Poisson-Schrodinger solver 
and recent enhancements implemented in ATLAS 
from Silvaco. 

Schrodinger-Poisson

To model the effects of quantum conþ nement, 
Quantum allows the self-consistent solution of the 
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Table 1. Schrodinger Poisson Operational Modes

Schrodinger equation with Poissonõs equation. Poissonõs 
equation is solved in two dimensions over the entire 
device while Schrodingerõs equation is solved in one 
dimensional slices across the device.

These solutions provide calculations of the bound sate 
energies (Eigen energies), the carrier wave functions 
(Eigen functions), and carrier concentrations in the 
presence of quantum mechanical conþ ning potential 
variations.

Considering ml, mt1 and mt2 the electron longitudinal 
effective mass and the electron transverse effective 
masses respectively, the electron density is written as:

where x is the position along a vertical slice (normal to 
the gate oxide), {li, Eli (resp. {i, Eti) are the i-th longitu-
dinal (resp. transverse) eigenvector and eigenvalue, kB is 
the Boltzmann constant, T is the temperature, h is the 
Planck constant and EF is the Fermi level. For the holes, a 
similar expression is obtained with the light and heavy 
holes effective masses.

Operational Modes
In Quantum, solutions to the Schrodinger-Poisson sys-
tem are used in various modes to accommodate various 
applications.  The table above summarizes these modes.

Table 1 shows that Quantum offers three basic op-
erational modes of solutions to the Schrodinger-Pois-
son system of equations: one-dimensional Schrodinger 
òslicesó embedded in a two-dimensional Poisson solu-
tion mesh, two-dimensional Schrodinger solutions on 
the same two-dimensional Poisson solution mesh and 
two-dimensional Schrodinger òplane slicesó embedded 
in a three-dimensional Poisson solution mesh.

For the rectangular grid approach, the grid points used 
for the Schrodinger solution exactly coincide with the grid 
points used in the Poisson solution. These solutions have 
the best self-consistency since they involve no interpola-
tion between the Schrodinger and Poisson solution grids.  
Conversely, the unstructured grid approach requires a 
separate grid deþ nition for the Schrodinger solution from 
the Poisson grid.  This requires interpolation between the 
grids, but offers the advantage of allowing self-consistent 
S-P solutions for unstructured meshes such as are gener-
ated by the process simulator ATHENA or the interactive 
general purpose structure creation tool DevEdit.

The post-processing approach does not solve Schrodingerõs 
and Poissonõs equation self-consistently.  Instead Poissonõs 
equation is solved self-consistently with the electron and 
hole continuity equations in the standard drift-diffusion 
approach.  The Schrodinger solutions are then obtained us-
ing the classical Poisson solutions.  This has the advantages 
of providing fast solutions and solutions can be taken far 
from zero bias (i.e. with currents ÿ owing).




