
Lecture 3 

Scope of the Lecture 
 

1. Molecular gain media 
2. Vibronic, vibrational and rotational transitions 
3. Energy bands in bulk semiconductor 
4. Bulk density of states  
5. Electron concentration 
6. Selection rules for electronic transition in semiconductor 
7. Absorption and emmision 
8. Necessary condition for gain 
9. Recombination channels 
10. Electronic states in quantum wells 
11. Quantum wires, quantum dots 
 

Reading: Ch. 3 



Formation of H2 
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Orbitals in homonuclear diatomic molecules 





Electronic levels in N2 molecule 
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Vibronic, vibrational-rotational, rotational transitions 
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Vibronic 



Franck-Condon principle 
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Stokes law 
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Ro-vibrational transitions 
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Selection rules :  

v=±1 

J=0,±1 

Spectral branches :  

J= 0 Q-branch (might be absent) 

J= +1 R-branch 

J= -1 P-branch 



Population of rotational states 
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Formation of solids 
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Formation of energy bands in solids 
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Metals 

Dielectrics (semiconductors) 
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Electronic bands in direct-bandgap semiconductor 



Direct and indirect bandgap semiconductors 

GaAs (InAs, InP, InSb, etc.) Si (Ge, GaP, etc.) 



Fermi-Dirac distribution Lecture 3 



Lecture 3 Density of states, Fermi-Dirac distribution, electron (hole) density 



Fermi level and quasi-Fermi levels 
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Electron density at transparency 
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Optical gain in semiconductors 
Lecture 3 



Bandgap engineering in semiconductors 
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Mesoscopic structures 
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Quantum wells - 2D, Quantum wires – 1D, Quantum dots – 0D 
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Main Keywords 
Molecular orbitals 

Vibrational and rotational degrees of freedom 

Frank-Condon principle 

Stoke’s law 

Conduction and valence bands 

Electron and hole effective mass 

Density of states 

Fermi level, Quasi-Fermi levels 

Joint density of states 

Transparency carrier density 

Recombination: radiative, nonradiative, Auger 

Subbands in quantum wells 

Strained quantum wells 

Quantum wires, quantum dots 
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Problems 

3.7, 3.8, 3.9, 3.10 

Examples: 3.5 (error correction: mv=mhh), 3.6, 3.7, 3.10 


