6.730 Physics for Solid State Applications

Lecture 10: Lattice Waves in 2D and 3D
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Lattice Waves in 3-D Crystals

Displacements of basis atoms along three directions...
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Lattice Waves in 3-D Crystals

Second order Taylor series expansion for total potential energy:
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Harmonic Matrix:
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Equation of motion for lattice atoms assuming ‘plane wave’ solutions:
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Dynamical Matrix:
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Lattice Waves in 3-D Crystals
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L Bond Stretching
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Example: 2-D Lattice with Bond Stretching
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Example: 2-D Lattice with Bond Stretching
Elements of the Dynamical Matrix
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Example: 2-D Lattice with Bond Stretching
Dynamical Matrix
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2d Dispersion Relation

Longitudinal Mode for u.z.fu:1 =05 Transverse Mode fomzra1 =0.5
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Example: 2-D Lattice with Bond Stretching
Dispersion Relation
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2D Modes
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Example: 2-D Lattice with Bond Stretching
Relating Microscopic and Macroscopic Models
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Bond Bending
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Bond Stretching and Bending
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Example: 1-D Diatomic Lattice with Bond Stretching and Bending
Potential Energy

y L. M, M, u; [Rp,f]
X o=@ O - o\<‘D O® og—/™
7 % u,[Rp.{]
A B
By = as (AL)? By = Sayl2(A6)?
Bo=gas (big- (- w)” By =y (w - = by (o - )]




Example: ‘1-D’ Diatomic Lattice with Bond Stretching and Bending
Potential Energy
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1-D DiatomicLattice with Bond Stretching and Bending
Dispersion Relation
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D(k) = (

2d rectangqular monatomic crystal
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Phonon Dispersion in 3D Cubic Crystal
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Phonon Dispersion in FCC with 2 Atom Basis
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Phonon Dispersion in FCC with 2 Atom Basis

GaAs
300

200

= 100
E
2
£
S
=l AlAs
=3 L i
B0 ~L_
| 1=
300 + E
200 | I e
100 b &/:l_
0
r X T L X W L

http://debian.mps.krakow.pl/phonon/Public/phrefer.html

11



