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processing that has given us this high technology life. This is nicely illustrated by Professor Jesper
s . 3 . 3 : %, 11 M 's law
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Figure 1.1. Jesper Nygard on nanotechnology, artificial atoms, and the future of computing.
(Video hosted by Professor Jesper Nygard, Neils Bohr Institute, and produced by the
Compound for Neils Bohr Institute, included here with their permission.)
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self-consistent manner. Before addressing this, let us talk about the phrase ‘transverse mass'". Silicon
has a complicated band structure. The minimum of the conduction band lies along the line from I’ to
X in the Brillouin zone, and is located about 85% of the way to X. Because of the symmetry of the
Brillouin zone, there are six equivalent minima, as shown in figure 1.4. Each of the six ellipsoids has a
longitudinal axis and two transverse axes, and corresponding values for the mass. In §i, it is generally
felt that the effective mass values are "1 = 0-91mo, my = 0.19m,_
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Figure 1 4. A constant energy surface near the minima of the conduction band in silicon

consists of six equivalent ellipsoids oriented along the lines from I to X
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=+ Abstract

It is reasonably obvious to anyone that an electron moving through a crystal in which there is a large
number of atomic potentials will experience a transport behavior significantly different from an
electron in free space. Indeed, in the crystal the electron is subject to a great many quantum
mechanical forces and potentials. The point of developing an understanding of the electronic
structure is to try to simplify the multitude of forces and potentials into a more condensed form, in
which the electron is replaced by a quasi-particle with many of the properties of the electron, but with
significant differences in these properties. Significant among these is the introduction of an effective
mass, which is representative of the totality of the quantum forces. To understand how this transition
is made, we need to first understand the electronic structure of the semiconductor, and that is the
task of this chapter.
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2.1. Periodic potentials

In most crystals, the interaction with the nuclei, or latlice atoms, is not negligible. However, the |attice has certain symmetries that
the energy structure must also possess. The most important is periodicity, which is represented in the potential that will be seen by
a nearly-free electron. Suppose we consider a one-dimensional crystal, which will suffice to illustrate the point, then for any vectar
L, which is a vector on the lattice, we will have
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