A Bravaislattice isalattice in which every lattice points has

exactly the same environment.

Bravais lattice

Basis( )

crystal structure

Bravais lattice + basis = crystal structure



A Bravais lattice can be spanned by primitive vectors,
Lattice point r = n,a,+n,a,+n;a,
where ny, n,, and n,span ALL integers, and

a,, a,, and a; are primitive vectors

For example, in 2-dm,

primitive unit cell (

nonprimitive unit cell

one primitive unit cell contains one lattice point



An example: graphite (honeycomb lattice)

> |Isit aBravaislattice (where no “basis” is needed)?

» Find out the primitive vectors and basis (if exists).

ahoneycomb lattice = atriangular lattice + 2-point basis



3-dim crystal structures you need to know

(some are simple Bravais | attices, some are not)

1). bece lattice (Li, Na, K, Rb, Cs... €tc)

A conventiond
unit cell
(nonprimitive)

— a A A A
=— + V-
4 =5 x+9+2)

— a A A A
a=—( %- 9+ z).
Note: A bcc latticeis aBravais lattice without a basis.
But we can also treat it as a cubic Bravais lattice with a 2-

point basis! (to take advantage of the cubic symmetry.)



2). fcc lattice (Ne, Ar, Kr, Xe,

Al, Cu, Ag, Au... €tc)

|attice

constant

aprimitive unit cell

aconventional unit cell

primitive vectors

51:%(2+>2).

afcc latticeis also aBravais lattice



3). hep structure (= simple hexagonal lattice+ a 2-point basis.)

e.g. Be, Mg... etc.

2 overlapping “simple hexagonal lattices’

Figure 22 The hexagonal close-packed strue-
ture. The atom positions in this structure do
not constitute a space lattice. The space lattice
is simple hexagonal with a basis of two identi-
cal atoms associated with each lattice point.
The lattice parameters a and ¢ are indicated,
where a is in the basal plane and ¢ is the mag-
nitude of the axis a; of Fig. 14.

» Primitive vectors: a,, a,, C

Figure 23 The primitive cell has a; = ag,
with an included angle of 120°. The c axis (or
as) is normal to the plane of a; and a;. The
ideal hep structure has ¢ = 1.633 a. The two
atoms of one basis are shown as solid circles.
One atom of the basis is at the origin; the
other atom is at 3%, which means at the posi-
tion r = %a, + }a, + $as.

» The 2 atoms of the basis are located at the origin and

atr=(2/3) a;+ (1/3) a,+(1/2)c

» ABABAB... stacking



The tightest way to pack spheres:

A-layer

A C stacking
sequence

A-layer

packing fraction = 74%, coordination number ( )=12
(Cf: bee, packing fraction = 68%, coordination number = 8)

other close packed structures, ABABCAB... etc.



4). Diamond structure (C, Si, Ge... €tc)
= fcc lattice + a 2-atom basis, r,=0, r,=(a/4)(x+y+2)

= 2 overlapping fcc lattices (one is displaced along the

main diagonal by 1/4 distance)

» Low packing fraction (=36%!)
» |If the atoms in the basis are different, then it is called a
Zincblend ( ) structure (eg. GaAs, ZnS... etc).

It isafamiliar structure with an unfamiliar name.
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Wigner-Seitz cell
The WS cell enclosing a lattice point is the region of space that

is closer to that lattice point than to any other lattice point.

Method of construction:

®  Figure 4.14
The Wigner-Seitz cell for a two-dimensional
Bravais lattice. The six sides of the cell bisect
the lines joining the central points to its six
nearest neighboring points (shown a8 dashed
lines). In two dimensions the Wigner-Seitz
cell is always a hexagon unless the lattice is

. rectangular (see Problem da).

Figure 4.15

The Wigner-Seitz cell for the hody-centered cubic Bravais
Jattice (a “‘truncated octahedron™), The surrounding cube is a
conventional hody-centered cubic cell with a lattice point at
its center and on each veriex. The hexagonal faces bisect the
lines joining the central point to the points on the vertices
{drawn as solid lines). The square faces bisect the lines joining
the central point o the central points in each of the six neigh-
boring cubic cells (not drawn}. The hexagons are regular (sce
Problem 4d),

Figore 4.16 8|

Wigner-Seitz cell for the face-centered cubic Bravais
lattice (a “rhombic dodecahedron™). The surrcunding
cube is not the conventional cubic cell of Figure 4.12.
but one in which lattice points are at the cenler of the
cube and at the center of the 12 edges. Each of the 12
{congruent) faces is perpendicular to a line joining the
central point to a point on the cenfer of an edge.

advantage of using the WS cell:

same symmetry as the Bravais lattice



Miller indices (h,k,l) for crystal planes (see chap 5)

o, dy-ames nf g, Zag,
§,oE & The smallest three integers having

soareq, . 9
Y %
Fhees sune ratio are 23,3, and this the indices of the plane ane (2330,

don’'t need to be primitive

K_H
rules. 1. ( a,a,a, ) (XY, 2
2. (Ux,Uy,1/2)
3. (hk,l)

For example, cubic crystals (including bcc, fcc... etc)

(200) (100)

Note: Square bracket [h,k,|] refersto

the “direction” xa,+ya,+za,, instead of acrystal plane!



Diamond structure (eg. C, Si or Ge)

Termination of 3 low-index surfaces

(001}
{001)

{112

<Mm> <100> S



Actual S(001) surface under STM (Kariotisand Lagally, 1991)

Fig. 4.16. Structural model for the 5i(001) 2x 1 surface.



Surface reconstruction on S (111)

S(111) un-reconstructed
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S1(111)-(7x7) DAS model (Takayanagi/Tong)

adatom

dimer

restatoms

(1x1) bulk

TALSAC plot



