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Intrinsic semiconductors
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n-type

For n-type, n ~ density of donors, 
p = ni

2 /n

n-type ND > NA,  p ~ 0  
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p-type

For p-type, p ~ density of acceptors, 
n = ni

2/p

p-type NA > ND,  n ~ 0  
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Intrinsic semiconductors
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Extrinsic semiconductors

At high temperatures, extrinsic  
semiconductors have the same 
temperature dependence as intrincic 
semiconductors.



Ionized donors and acceptors

For Ev + 3kBT <  < Ec- 3kBT Boltzmann approximation
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4 for materials with light 
holes and heavy holes (Si)
2 otherwise

Mostly, ND
+ = ND and  NA

- = NA

ND = donor density cm-3             ND
+ = ionized donor density cm-3

NA = donor density cm-3             NA
- = ionized donor density cm-3



Charge neutrality

n + NA
- = p + ND

+

Carrier concentration vs. Fermi energy
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under normal operation conditions



ln c
c B

D A

NE k T
N N


 

    
ln v

v B
A D

NE k T
N N


 

    

Semiconductor devices   Kittel p. 503 - 512 

NA > ND        p = NA -ND ND > NA n = ND -NA
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Vbi built-in voltage 
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law of mass action
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