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Presence of both drift and diffusion currents 
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Absorption of electromagnetic radiation 
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Electromagnetic wave propagating along z-axis 

wavenumber kp = (0, 0, kp) polarization e = (1, 0, 0), 
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Absorption of electromagnetic radiation 
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Absorption of electromagnetic radiation 
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Direct and indirect transitions 
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Absorption coefficient 
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Photon emission 
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Einstein relation 
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Ch.2 Crystal Growth and Band Structure 
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Bulk crystal growth 

From Wikipedia 

Czochralski growth process 



Inorganic semiconductor crystals 
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Czochralski process 
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liquid encapsulated Czochralski 
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Boat methods 
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Horizontal Bridgeman (HB) process 

temperature gradient freezing method 



Epitaxial growth of thin films 
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Metal-Organic Vapor Phase Epitaxy (MOVPE, MOCVD) 



Molecular beam epitaxy (MBE) 
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RHEED oscillation 
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Reflection high energy electron diffraction 



Lattice constants and band gaps 

2013/5/13 16 

Lattice constant (Å) 

E
n

er
g

y
 g

ap
 (

eV
) 

II       III      IV      V      VI 



Band structure 

2013/5/13 17 

Empty lattice approximation 

k 

E(k) 

⋃  ≮  ≫ ∨ ≲ ∩ ∽ ≥ ≩ ≫ ≲ ≵  ≮  ≫ ∨ ≲ ∩ 

𝜋

𝑎
 −

𝜋

𝑎
 

The free space has a lattice periodicity! 

2𝜋

𝑎
 −

2𝜋

𝑎
 

1st Brillouin zone 



Face centered cubic (fcc) lattice 
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Empty lattice approximation 
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Empirical band structure calculation 
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Pseudo potential method 
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Pseudo potential method 
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Empirical pseudo potential for fcc 

semiconductors 
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Empirical pseudo potential for fcc 

semiconductors 
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Band structure of Si and GaAs 
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Conduction valley structures 
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