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Figure 9.7
[Hustration of the definition of the Bnillouin

zones for a two-dimensional square Bravais _5 N6
lattice. The reciprocal lattice is also a square 4 N
lattice of side b. The figure shows all Bragg
planes (lines, in two dimensions) that lie within
. L. 3
the square of side 2b centered on the origin. >
These Bragg planes divide that square into oo
regions belonging to zones 1 to 6. (Oniy zones o
1, 2, and 3 are entirely contained within the D
square, however.) 3 N : /3
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Figure 6 Brillouin zones of a square lattice in two dimensions. The

Dl e . sl iy circle shown is a surface of constant energy for free electrons; it will be
; el R T the Fermi surface for some particular value of the clectron concentra-
el o tion. The total arca of the flled region in k space depends only on the

clectron concentration and is independent of the interaction of the

\ s e / electrons with the lattice. The shape ol the Fermi surface depends an

N diin the lattice interaction, and the shape will not be an exact circle in an
3 actual lattice. The Jabels within the sections of the second and third
i ° . e zoncs refer to Fig. 7.
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Figure 8 The free electron Fermi surface of Fig. 6, as viewed in the reduced zone scheme. The CBC( s 01 Q(_,\.{(t

shaded areas represent occupied electron states. Parts of the Fermi surface fall in the second, thixd, -
and fourth zones. The fourth zone is not shown. The first zone is entirely occupied. QL&BQCQ
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Figure 9 The Fermi surface in the third zone as
drawn in the periodic zone scheme. The figure was
constructed by repeating the third zone of Fig. 8,
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Figure 10 Qualitative impression of the eflect of 2 weak periodic crystal potential on the Fermi
surface of Fig. 8. At one point on each Fermi surface we have shown the vector gradye. In the
second zone the energy increases toward the interior of the figure, and in the third zone the energy
increascs toward the exterior. The shaded regions are filled with electrons and are lower in energy
than the unshaded regions. We shall see that a Fermi surface like that of the third zone is elcctron-
like, whereas one like that of the second zone is holelike. 1t is said that electrons sink and holes
float.
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Figure 9.8

Surfaces of the first, second,
and third Brillovin zones for
(a) body-centered cubic and
(b) face-centered cubic crys-
tals. (Only the exrerior sur-
faces are shown. Jt follows
from the definition on page
163 that the interior surface
of the nth zone is identical
o the exlerior surface of the
(n — 1)th zomne.) Evidently
the surfaces bounding the
zones become increasmgly
complex as the zone number
increases. In practice 1t is
often simplest to construct
free electron Fermi surfaces
by procedures {such as those
described in Problem 4) that
avoid making use of the ex-
phat form of the Brillouin
zones. (After R, Liick. doc-
toral dissertation, Techni-
sche Hochschule, Stuttgart,
1965.)
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Figure 9.9

The free electron Fermi sphere for a face-centered cubic metal of valence 4. The first zone
lies entirely within the interior of the sphere, and the sphere does not extend beyond the
fourth zone. Thus the only zone surfaces intersected by the surface of the sphere are the
{extertor) surfaces of the second and third zones (cf. Figure 9.8b). The second-zone Fermi
surface consists of those parts of the surface of the sphere lying entirely within the poly-
hedron bounding the second zone (i.e., all of the sphere except the parts extending beyond
the polyhedron in (a)). When translated through reciprocal lattice vectors into the first
zone, the pieces of the second-zone surface give the simply connected figure shown in (¢).
(It is known as a “hole surface”; the levels it encloses have higher encrgies than those
outside). The third-zone Fermi surface consists of those parts of the surface of the sphere
lying outside of the second zone (i.e., the parts extending beyond the polyhedron in (a))
that do not lie outside the third zone (i.e., that are contained within the polyhedron shown
in (b)). When translated through reciprocal lattice vectors into the first zone, these pieces
of sphere give the multiply connected structure shown in (d). The fourth-zone Fermi sur-
face consists of the remaining parts of the surface of the sphere that lie outside the third
zone (as shown in (b)). When translated through reciprocal lattice vectors into the first
zone they form the “pockets of electrons” shown in (e). For clarity (d) and {e) show only
the intersection of the third and fourth zone Fermi surfaces with the surface of the first

zone. (From R. Lick, op. ¢it.)
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