1.Bravais L attices

12.1. The Bravaislattices
2.2.4 Bravais L attice detail

The Bravais lattice are the didtinct lattice types which when repeated can fill the whole space.
The lattice can therefore be generated by three unit vectors, al, a2 and a3 and a set of integers k,
| and m so that each lattice point, identified by a vector r, can be obtained from:

F=ka;+1a, +ma, (12.1.1)

In two dimendons there are five disinct Bravais lattices, while in three dimensons there are
fourteen. These fourteen lattices are further dassfied as shown in the table bdow where aj, a
and az are the magnitudes of the unit vectors and a, b and g are the angles between the unit
vectors.

Name Number of Bravaislattices | Conditions

Tridinic 1 aaltalaalblg

Monodlinic 2 alat as
a=b=90°1g

Orthorhombic 4 arl apt ag
a=b=g=90°

Tetragond 2 as=a?! as
a=b=g=90°

Cubic 3 a=a=ag
a=b=g=90°

Trigond 1 a=-a=as
a=h=g<120°t 90°

Hexagond 1 aa=atas
a=b=90°g9g=120°
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12.2. Cubic lattices

Cubic lattices are of interest since a large number of materias have a cubic lattice. There are
only three cubic Bravas latices. All other cubic crysa dructures (for ingstance the diamond
lattice) can be formed by adding an appropriate base a each lattice point to one of those three
lattices. The three cubic Bravas latices are the smple cubic lattice, the body centered cubic
lattice and the face centered cubic latticee A summary of some properties of cubic lattices is

liged in the table bdow:

L atticetype Number of Nearest distance Maximum Example
lattice between lattice packing density
pointsatoms points
per unit cell
Simple cubic 11 a p/6 =52 % Phosphor
Body centered cubic 2/2 alB/2 pCB/8 =68 % Tungsgten
Face centered cubic 414 aCp/2 pRI3=74% Aluminum
Diamond 4/8 aCp/2 pCB/16 = 34 % Silicon
Nearest distance
between atoms:
aCB/4

Cubic latices have the highest degree of symmetry of any Bravais lattice They beong to the
(m3m) symmetry group, which contains the following symmetry groups and operations:

Symmetry group Symbol | Symmetry Operations

| dentity 1

Three eguivdent ais of two-fold| 3[2] | [100], [010], [001]

rotation

Sx eguivdent axis of four-fold| 6[4] | [100], [010, [001], [-100], [0-10], [0O-1]

rotation

Sx eguivdent axis of two-fold

rotation

6[2] |[110],[101], [011], [1-10], [10-1], [01-1]

Eight eguivdent axis of three-fold

8[3]

aa_a

aA_a _a

[111], [11-1], [1-11], [-111], [-1-1-1], [-1-14], [-
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rotation 11-1],[1-1-1]

Inversion -1

Three equivdent mirror planes 3[m[ | [200], [010], [001]

Sx eguivdent axis of four-fold| 6[-4] [10Q], [010, [001], [-10Q], [0-10], [00-1]
rotation with inverson

Six equivaent mirror planes 6[m] | [110],[101], [011], [1-10], [10-1], [01-1]

Eight eguivdent axis of threefold| 8[-3] |[111],[11-1], [1-11],[-141],[-1-1-1], [-1-11], [-
rotation with inverson 11-1], [1-1-1]

Note that the (m3m) symmetry group is the highest possble symmetry group associated with a
cubic crygd. A limited symmetry of the basis (the arrangement of atoms associated with each
lattice point) can yield alower overdl symmetry group of the crysd.

12.3. Simple cubic lattice

The smple cubic lattice conggts of the lattice points identified by the corners of closdy packed

cubes.
.\Q a .\.
Figure A12.3.1 The smple cubic lattice.

The gmple cubic lattice contains one lattice point per unit cel. The unit cdl is the cube
connecting the individua lattice points. The atoms in the picture are shown as an example and to
indicate the location of the lattice points. The maximum packing densty occurs when the aoms
have a radius, which equas hdf of the side of the unit cdl. The corresponding maximum
packing dengty is 52 %.
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12.4. Body centered cubic lattice
The body-centered lattice equals the smple cubic lattice with the addition of a lattice point in the

center of each cube.

V

Figure 12.4.1 The body-centered cubic lattice.

a

The body centered cubic lattice contains two latice point per unit cdl. The maximum packing
densty occurs when the aoms have a radius, which equas one quarter of the body diagond of
the unit cdll. The corresponding maximum packing dengty is 68 %.

12.5. Face centered cubic lattice

The face centered lattice equas the smple cubic lattice with the addition of a lattice point in the
center of each of the six faces of each cube.
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Figure12.5.1 The face centered cubic lattice.

The face centered cubic lattice contains four latice points per unit cel. The maximum packing
dengity occurs when the atoms have a radius, which equds one quarter of the diagona of one
face of the unit cdl. The corresponding maximum packing densty is 74 %. This is the highest
possble packing dendty of any crystd dructure as cdculated usng the assumption that atoms

can be treated as rigid spheres.

12.6. Diamond lattice

The diamond lattice conssts of a face centered cubic Bravais point lattice, which contains two
identical atoms per lattice point. The distance between the two aoms equals one quarter of the
body diagond of the cube. The diamond lattice represents the crystal structure of diamond,
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Figure A12.6.1 The diamond lattice of slicon and germanium

The diamond lattice contains dso four lattice points per unit cel but contans 8 aoms per unit
cel. The maximum packing dendty occurs when the aoms have a radius, which equas one
eighth of the body diagond of the unit cel. The corresponding maximum packing densty is 34
%.

12.7. Zinchlende lattice

The zincblende lattice conssts of a face centered cubic Bravais point lattice, which contains two
different atoms per lattice point. The distance between the two atoms equals one quarter of the
body diagond of the cube. The diamond lattice represents the crystd dructure of zincblende
(ZnS), gdlium arsenide, indium phosphide, cubic slicon carbide and cubic galium nitride.

Figure A12.7.1 The zinc-blende crysta structure of GaAs and InP

12.8. Crystal models

Make your own model of a cubic crystal and a Gso (carbon 60 bucky bal) molecule. Print the paf
filesand follow the assembly indructions.
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