


3. An atom in free space localized orbitals at specific energy levels that can be either 
occupied or unoccupied by electrons. An extended solid has bands of continuous (or 
more accurately, nearly continuous but still discrete) of allowed states, each which can be 
either occupied or unoccupied. 
 
A few notes: In both cases, each orbital can hold up to 2 electrons (1 spin up, 1 spin 
down). The bands in a solid are actually made up of very closely–spaced orbitals that are 
shared across the entire solid, and the same rules apply to those orbitals as to orbitals in a 
free atom. The diagrams below are the typical way of showing what the allowed states 
(orbitals) are. 
 
Orbital energy diagram for an atom:                   Band energy diagram for a solid:  

 
 
 
 

4.  
Conductor: 0 band gap, which means partially filled bands exist. The electrons in those 
bands have high mobility and so conductors have high conductivity. 
Semiconductor: Small, nonzero band gap. Thermal excitation causes some electrons to 
hop from the filled valence band to the empty conduction band, and those electrons lead 
to a moderate conductibity. 
Insulator: Big band gap. This means that all bands are either completely full or 
completely empty, so there is virtually no conduction possible. 
 
Note: The line between semiconductor and insulator is typically chosen as: 
semiconductors have a band gap of less than 25 meV and insulators have a band gap of 
greater than 25 meV, although this distinction is approximate.   
 







T n_Si 1/T ln(n_Si) T n_Ge 1/T ln(n_Ge)
200 1E+12 0.005 27.63102 230 1.00E+18 0.004348 41.44653

400 1.00E+19 0.0025 43.74912 320 1.00E+20 0.003125 46.0517

470 1.00E+20 0.002128 46.0517 400 1.00E+21 0.0025 48.35429

640 1.00E+22 0.001563 50.65687 470 1.00E+22 0.002128 50.65687

800 1.00E+23 0.00125 52.95946 600 1.00E+23 0.001667 52.95946

1000 1.00E+24 0.001 55.26204 800 1.00E+24 0.00125 55.26204

1400 1.00E+25 0.000714 57.56463 1100 1.00E+25 0.000909 57.56463
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