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free electrons (simple model for a metal)
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Silicon band structure

near the bottom of the conduction band, the band structure looks like a parabola. 
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This effective mass is used to describe the response of electrons to external forces in the particle picture. 
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Anisotropic effective mass in silicon

The electrons seem to have different masses when the 
electric field is applied in different directions. 
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▪ When all states in a band are occupied, the band does not contribute to the current. 

▪ There are as many left-moving electrons as right-moving electrons.
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valence band, holes
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In the valence band, the effective mass is negative.



Holes

• Charge carriers in the valence band can be considered to be positively charged holes. 

• The number of holes in the valence band is the number of missing electrons. 
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Silicon density of states

T = 300 K
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Density of electrons in the conduction band 
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Density of holes in the valence band 
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Silicon valence bands 
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Density of holes in the valence band 
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http://www.matprop.ru/semicond





Law of mass action
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For intrinsic semiconductors (no impurities)
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Intrinsic carrier concentration
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Good for thermometer, bad for designing circuits.



Fermi energy of an intrinsic semiconductor

𝑛 = 𝑝 ⇒ 𝑁𝑐 exp
𝐸𝐹 − 𝐸𝑐

𝑘𝐵𝑇
= 𝑁𝑣 exp

𝐸𝑣 − 𝐸𝐹

𝑘𝐵𝑇

𝑁𝑣

𝑁𝑐
= exp

𝐸𝐹 − 𝐸𝑐 − 𝐸𝑣 + 𝐸𝐹

𝑘𝐵𝑇

2𝐸𝐹

𝑘𝐵𝑇
=

𝐸𝑐 + 𝐸𝑣

𝑘𝐵𝑇
+ ln

𝑁𝑣

𝑁𝑐

𝐸𝐹 =
𝐸𝑐 + 𝐸𝑣

2
+

𝑘𝐵𝑇

2
ln

𝑁𝑣

𝑁𝑐



Si GaAs

Temperature dependence of EF 𝐸𝐹 =
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http://lampz.tugraz.at/~hadley/ss1/semiconductors/intrinsic_so.php
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