
CondensedCondensed mattermatter

Forms of matter as we know:

HowHow do do atomsatoms condensecondense whenwhen theythey wantwant toto minimize minimize energyenergy??



CrystalCrystal structuresstructures in in materialsmaterials

A unique arrangement of atoms that fill space in 3D (Real-life) when repeating

(Translational Property)

Everytime a unit

cell is translated, it 

must be forming

the entire lattice.

2D BCC 2D FCC



Is Is everythingeverything alwaysalways in a in a crystallinecrystalline orderorder??

Amorphization under

electron bombardment in 

TEM



GlassyGlassy silicasilica ((fromfrom wikipediawikipedia))

ExtremelyExtremely shortshort

rangerange orderorder

NematicNematic liquidliquid crystalcrystal ((orientationalorientational longlong rangerange orderorder))

ShortShort rangerange orderorder

in 2Din 2D



InIn 3D, 3D, therethere areare seven seven typestypes of of crystalcrystal systemssystems thatthat makemake upup 14 14 BravaisBravais LatticesLattices

Triclinic, monoclinic, orthorhombic, tetragonal, rhombohedral, hexagonal and

cubic

Translation vector = r T = r + u1a1 + u2 a2 + u3a3

r

X u1

X u2

X u3



The 14 The 14 BravaisBravais lattices and their lattices and their unitunit cellcell characteristicscharacteristics. . 



The Wigner-Seitz Cell can also be a unit cell

WignerWigner--SeitzSeitz cellcell forfor ssıımplemple cubiccubic in 3Din 3D

Select a lattice point and draw 
construction lines to the nearest 
neighbouring points 

Draw lines that perpendicularly 
bisect the construction lines 

The smallest enclosed area 
represents the Wigner-Seitz 
cell. Here shown in orange. 



We often deal with diffraction data of crystals. A real crystal can be expressed in 

reciprocal space (space-1) 

Unit cell in real space Unit cell in reciprocal space

a
b

1/a

1/b

No XNo X

interplanarinterplanar distancedistance

☺☺



WhyWhy dealdeal withwith thethe reciprocalreciprocal latticelattice??

--EasyEasy toto dealdeal withwith pointspoints ratherrather thanthan planesplanes..

--EveryEvery pointpoint representsrepresents a set of a set of planesplanes (a (a periodperiod thatthat existsexists in in youryour crystalcrystal).).

--DiffractionDiffraction experimentsexperiments yieldyield thethe reciprocalreciprocal latticelattice ((ItIt is is thethe FourierFourier transformtransform

of a of a crystalcrystal –– BelieveBelieve it it oror not but not but naturenature takestakes thethe FourierFourier transformtransform of of youryour

samplesample whenwhen carryingcarrying outout, , forfor instanceinstance, , electronelectron diffractiondiffraction experimentsexperiments in in 

TEM TEM oror XRD).XRD).

--VeryVery usefuluseful whenwhen talkingtalking aboutabout electronselectrons in a in a crystalcrystal ((comingcoming soonsoon).).

FourierFourier

TransformTransform



nnλλ = 2dsin= 2dsinθθ

BraggBragg’’ss equationequation::

Diffracted waves have to be in 

phase! (To see a “net 

reflected” wave)



A crystal can be thought of being a periodic function in a given space.

What is meant by this?

n(r+T) = n(r)

Volume of the unit cell

Area of parallelogram



Primitive unit cells needed for the reciprocal

primitive vectors
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FCC FCC primitiveprimitive cellcell

BCC BCC primitiveprimitive cellcell



From International Union of CRYSTALLOGRAPHY (IUC)

2.1 Definition 

Let a, b, c be the basic vectors defining the unit cell of the direct lattice. The basic 

vectors of the reciprocal lattice are defined by: 

“The modulus of a* is equal to the ratio of the area of the face OBCG opposite to 

a to the volume of the cell built on the three vectors a, b, c. Referring to Figure

below, we may write”: 



AgainAgain, , whywhy diddid wewe botherbother withwith thethe reciprocalreciprocal latticelattice??



Some examples to sets of planes in a real 2D lattice.



TEM TEM imageimage andand electronelectron diffractiondiffraction patternpattern fromfrom a a piezoelectricpiezoelectric

thinthin film. film. HowHow toto guessguess anyany secondarysecondary formationsformations in in thethe structurestructure

thatthat mightmight detoriatedetoriate oror enhanceenhance youryour materialmaterial??

Structural interpretation of a high-k layer

grown on Si. Note the dislocations at the

interface that form as a result of ‘lattice misfit’. 



MatchingMatching of of epitaxyepitaxy of of semiconductorsemiconductor layerslayers withwith misfitmisfit..



An electron propagating in a crystal with wavelength a (k = 2π/λ)

a: lattice constant

Wave vector: Commonly used in discussing energies of electrons

k

Larger the k, higher the energy of the electron (inverse of 
wavelength is quite convenient when representing energies)


