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Abstract

The drift-diffusion model is one of the most used models in the study
of devices. This model is based on the solution of the Poisson equation in
the semiconductor in addition to the continuity equations of electrons and
holes and current equations. The success of this model in the past and with
the need to reduce the dimensions of these devices encouraged researchers
to apply it in the devices in the nanoscale after making quantitative
adjustments and corrections based on quantum mechanics. In this study,
the drift-diffusion model has been solved in one dimensional case, firstly
the potential has been obtained from the solution Poisson equation, this
nonlinear equation can be transformed to linear equation using Gummal
method, the concentration of both kind of charges electrons and holes has
been obtained from the solution of continuity equation, the Gummal and
Scharfetter scheme is used to solve the exponential behavior of the charge
concentration in the linear potential case, finely the values of potential and
charge concentration are substituted in the drift diffusion equations. This
model has been applied to five suggested models for diodes with doping
concentration started from 101® cm™ to 1018 cm™ to find the properties of
pn semiconductor diodes such as conduction band, charge density, carrier
concentration, electric field, junction potential and quasi Fermi potential as
a function of distance as well as the characteristic curve of current-voltage
of the diodes. The results in this work computer programs have been
written as well as the available standard computer program codes, the
obtained results in both equilibrium and non-equilibrium cases shows that
as the doping of diode is increased the junction potential, electric field and
the band height are increased at room temperature, as the applied forward
voltage increased the junction potential, electric field and band height
decreased and forward current increased due to the lowering of junction
potential, the results of simulation shows good agreement with published
results and compatible with the known characteristics of the real diodes.
The results of one-dimension drift diffusion model are very closed to real
diode results. The effect of increasing temperature on the concentration of
carriers and the characteristics of the diode has been studied, the increasing
temperature cause an increasing in concentration of carriers while the
mobility of the carriers is decreased with increasing temperature for both
electrons and holes.
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