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1. Brillouin zones. &85 Ghla

If we draw the normal planes which bisect the reciprocal lattice vectors, the

regions enclosed between these planes form the various Brillouin zones.
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Figure 1

Figure 1 shows that the first three Brillouin zones of the square lattice: First zone
(cross-hatched), second zone (shaded) and third zone (screened). Numbers

indicate indices of Brillouin zones.
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Consider the square lattice whose reciprocal-also a square lattice of edge equal to

Is shown, in Figure 1, which also shows the reciprocal vectors G4, -G;, G2, and -

G, etc., as well as the corresponding normal bisectors.
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The smallest enclosed region centred around the origin (the crosshatched area) is

the first Brillouin zone.
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The shaded area (composed of four separate half diamond-shaped pieces enclosed
between the normal bisectors to G1, G2, and G1 + G2, etc.) forms the second

zone. Similarly, the screened area (eight parts) forms the third zone.
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1.1 The zone scheme types

e Extended zone scheme
The extended zone scheme in which different bands are drawn in
different zones in wavevector space

e Reduced Zone Scheme
The reduced zone scheme in which all bands are drawn in the first

Brillouin zone.
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e Periodic Zone Scheme

The periodic zone scheme in which every band is drawn in every zone.
- (zone)Aihid) hlaia ) 4l

( Extended zone scheme )iz sall Adhaiall hlais o
A sall dnie Aalise b Aalite lalic 8 Al iUl any o G Aas gall Ailaial) Jalas

( Reduced zone scheme) _radll dihiall hbis o

1l e Fidaie b ) e pas o Cain el Akt Lahie
(Periodic zone scheme) 453! 4ahiall lalda o

. (zoneyaikaia JS 8 3lai JS a4 o (g3 &) 52l Ailaial) Lalada

(a)

{b)

¢ (c)

0

k —

Figure 2
Figure 2 shows that the three energy bands of a linear lattice plotted in (a)

the extended (Brillouin), (b) reduced, and (c) periodic zone schemes.
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1.2 Fermi surfaces:

The Fermi surface is the surface of constant energy E; in k space. The Fermi
surface separates the unfilled orbitals from the filled orbitals, at absolute zero
(0k). The electrical properties of the metal are determined by the volume and
shape of the Fermi surface, because the current is due to changes in the occupancy
of states near the Fermi surface. For free electron model Fermi surface is a perfect

sphere.
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