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In higher-dimension lattices, the Bragg condition is satisfied along all
boundaries of the Brillouin zone, as discussed in Section 2.6, and this results in

the creation of energy gaps along these boundaries, in agreement with the conclu-
sions of the last section.

5.8 THE TIGHT-BINDING MODEL

In the tight-binding model, it is assumed that the crystal potential is strong, which
is the same as saying that the ionic potentials are strong. It follows, therefore,
that when an electron is captured by an ion during its motion through the lattice,
the electron remains there for a long time before leaking, or tunneling, to the next
ion [see Fig. 5.14(a), which also shows that the energy of the electron is appreciably
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Fig. 5.14 The tight-binding model. (a) The crystal potential. (b) The atomic wave
functions. (c) The corresponding Bloch function.

lower than the top of the potential barrier]. During the capture interval, the elec-
tron orbits primarily around a single ion, i.e., its state function is essentially
that of an atomic orbital, uninfluenced by other atoms. Most of the time the
electron is tightly bound to its own atom. The mathematical analysis to be devel-
oped must reflect this important fact.

As we said in Section 5.6, the TB (tight-binding) model is primarily suited to
the description of low-lying narrow bands for which the shell radius is much smaller
than the lattice constant. Here the atomic orbital is modified only slightly by the
other atoms in the solid. An exampleis the 3d band, so important in transition metals.

Let us begin, then, with an atomic orbital, ¢,(x), whose energy in a free atom
is E,. We wish to examine the effects of the presence of other atoms in the solid.
The index v characterizes the atomic orbital (for the atomic shell of interest).
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