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Lattices

Crystal structure = lattice + basis

Unit cell, primitive unit cell



Unit cell, primitive unit cell Translation symmetry

Primitive translation vector a1, a2, a3

Translation T = l a1 +m a2, +n a3

(l,m,n are integers)
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14 Bravais lattice: 3D
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No rotational symmetry









hcp fcc







Crystal planes 

Miller index



; cubic

; orthorhombic





Bragg reflection



Kinematic theory of x-ray diffraction

• Incident wave ψ0 is a plane wave with 

k0 = λ /2π u0

• Take one lattice point as the origin O.

• In diffraction the relative phase  difference

matters 

• Incident wave at O is ψ0

• Incident wave at Rj )

• is ψ0 exp (k0
. Rj )

• Scattered wave from j-th lattice point at the detector is

where fj (k0, k) = atomic scattering factor

• Scattered waves from all the lattice points at the detector are

ψ = Σj ψj     and the detected intensity is I = │ψ│2 .

• Diffraction occurs when the scattered waves from all the lattice points are in phase, i.e.,

Δk . Rj = 0. This condition is satisfied when

• Δk = G = l’ b1 +m’ b2, +n’ b3, where l’,m’,n’ are integers, and

b1 = 2π a2 x a3 / a1 
. (a2 x a3),

b2 = 2π a3 x a1 / a2 
. (a3 x a1), and

b3 = 2π a1 x a2 / a3 
. (a1 x a2).

• b1, b2, and b3 ,defines another lattice called reciprocal lattice of the real lattice. 

Rj = l a1 +m a2, +n a3

(l,m,n are integers)

j





Ewald construction



• Reciprocal lattice of fcc crystal

• Brillouin zone in k-space



Five 2D Bravais lattice

Cubic

Rectangular

Centered rectangular

Hexagonal

Oblique



Real surface with structural defects



Overlayer structures

Wood’s notation: simple but limited



Surfaces with periodic steps and kinks



Matrix notation: can represent any structure

Coherent vs. incoherent structures 

m a1 = n b1

n/m = rational #   : coherent

irrational #  : incoherent



2D real vs. reprociprocal lattices

, and so



Diffraction pattern



Low energy electron diffraction (LEED):

Instrument

Why low energy electron used? 

• The penetration depth of x-ray is ~ 1μm,

• So x-ray diffraction give structural information of a bulk 

solid (3D).

• It does not have any surface sensitivity. 

• The penetration depth of low energy

• Electron is ≤ 20 Å; a rather good  surface sensitivity. 

• In any diffraction the employed wavelength λ should ~ d.

• De Broglie wavelength of e- is

• λ = h/p = h/ mv = h/(2mEk)
1/2

• If Ek)= 150 eV, λ =~ 1 Å .

• Since diffraction can be observed in elastic scattering,

• The inelastically scattered electrons have to be removed

by setting up an potential barrier (grid assembly). 

• The LEED pattern is usually recorded by taking a picture.   



(2x1) Cu(110)-O



Diffraction angle

Path difference  Δl = d sinθ

Diffraction condition is

d sinθ = nλ; n = 0,1,2,3 …


