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Energy gap between valence and 
conduction bands 
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i: indirect gap, d: direct gap 

(The table is used from Introduction to Solid State Physics, C. Kittel) 



Optical Adsorption in Pure Insulators 
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(The figuree is used from Introduction to Solid State Physics, C. Kittel) 

In (a) The threshold determines the energy gap, optical absorption is weaker near  
the threshold.  
In (b) the energy E, marks the threshold for the creation of a free electron and a free 
 hole, with no phonon involved.  
Such a transition is called vertical; it is similar to the direct transition in (a).  
 



4 

In a direct adsorption process the threshold of continuous 
optical adsorption at frequency wg measures the band gap.   
A photon is adsorbed by the crystal with the creation of an 
electron and a hole. 

In the indirect absorption process the minimum energy gap of 
the band structure involves electrons and holes seperated by 
a substantial wavevector k. 
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q  Optical measurements determines whether the gap is direct or indirect.  
Ex: The band edges in Ge and in Si are connected by indirect transitions,  

the band edges in InSb and GaAs are connected by a direct transition.  
 

q  HgTe and HgSe are semimetals and have negative gaps- the conduction 

and valence bands overlap. 



EQUATIONS OF MOTION  
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Ø  We derive the equation of motion of an electron in an 
energy band.  

Ø  We look at the notion of a wave packet in an applied 
electric field.  

 

Ø  Suppose that the wave packet is made up of 
wavefunctions assembled near a particular wavevector k 



EQUATIONS OF MOTION  
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 The group velocity 

The frequency associated with a wavefunction of energy; 

The work done on the electron by the electric field E in the time 
interval is: 

External force F is:  



EQUATIONS OF MOTION  
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