
Lecture 13 Topics 

• Energy bands  

– In a 4-atom crystal 

– in an N-atom crystal 

– Conductors, insulators, and semiconductors 

• Charge carriers 

– Conduction electrons 

– Valence holes 

– Effective mass 
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Energy band gap 
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Energy band gap 

Three differences between free 
particle and electron in crystal: 
 
1. Energy level continuity 
 
2. Energy band existence 
 
3. The curvature of energy 
values allowed in the system 
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Insulator, Conductor, Semiconductor 

                

Valence band: The band that is completely filled at T= 0 K 
Conduction band: The band that is just above the valence band 
 



                



                

     

                                               



Lithium (Li) 

Single Li Atom Energy Levels 
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Yes electric field: Net velocity (=drift 
velocity) will emerge. 
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Current density (j) 
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Insulator band gap: 5 eV 

Semiconductor band gap: 1 eV 

Energy band size~10 eV;         at 300K = 0.026eV 
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Insulator band gap: 5 eV 

Semiconductor band gap: 1 eV 

~ 10 -42 

~ 10 -8 
Energy band size~10 eV;         at 300K = 0.026eV 

0.0026 
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0.0026 eV 

Insulator: 5 eV 

Semiconductor: 1 eV 

~ 10 -42 

~ 10 -8 

T=0 

T > 0 
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Valence band holes 

- created by electrons left the valence 
band at T > 0 
-Behave like positive charge carriers 
-Are free to move in the valence band 
-Are always found near the top of the 
valence band 
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Effective Mass 
meff : the ratio between external force and acceleration 

For free electrons,  

meff=   m 

At the top of each band 

At the bottom of each band 
Use Holes to get the positive effective mass!! 



Current in an E field 


