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I = G x V

density velocitycharge area

= q x n x v x A 

Section 14
Doping

» Need to “move” the Fermi level
» ”add” electrons – n-type doping – EF close to Ec

» “add” holes – p-type doping – EF close to Ev

• 14.1 Basic concepts of donors and acceptors

• 14.2 Statistics of donor and acceptor levels

• 14.3 Temperature dependence of carrier concentration
• 14.4 Multiple doping, co-doping, and heavy-doping
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In spatially homogenous field-free region …

Assume  
N-type doping …
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(will plot in next slide)

Carrier Density with Donors
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Temperature-dependent Concentration
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Electron Concentration with Donors
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No approximation so far ….
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Electron concentration with Donors
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High Donor Density / Freeze out T

𝑁𝑁𝐷𝐷 ≈ 𝑛𝑛 ≫ 𝑛𝑛𝑖𝑖

𝑁𝑁𝜉𝜉 =
1
2
𝑁𝑁𝐶𝐶𝑒𝑒−𝛽𝛽 𝐸𝐸𝑐𝑐−𝐸𝐸𝐷𝐷
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Electron concentration equals donor density
hole concentration by  nxp=ni

2

41
2

1 1
2
ξ

ξ

  
≈ + −      

DNN
N

≈ DN

Extrinsic T

D

n
N

Temperature

1

Freeze
out Extrinsic 

Intrinsic 

i

D

n
N

1 2
41 1

2
ξ

ξ

  
 = + −     

DN
n N

N 𝑁𝑁𝜉𝜉 =
1
2
𝑁𝑁𝐶𝐶𝑒𝑒−𝛽𝛽 𝐸𝐸𝑐𝑐−𝐸𝐸𝐷𝐷

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑒𝑒: 𝑁𝑁𝜉𝜉 ≫ 𝑁𝑁𝐷𝐷
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What will happen if you use silicon circuits at very high temperatures ? 
Bandgap determines the intrinsic carrier density.
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𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑒𝑒: 𝑁𝑁𝐷𝐷 ≫ 𝑛𝑛𝑖𝑖

𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝑒𝑒: 𝑁𝑁𝐷𝐷 ≪ 𝑛𝑛𝑖𝑖
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I = G x V

density velocitycharge area

= q x n x v x A 

Section 14
Doping

» Need to “move” the Fermi level
» ”add” electrons – n-type doping – EF close to Ec

» “add” holes – p-type doping – EF close to Ev

• 14.1 Basic concepts of donors and acceptors

• 14.2 Statistics of donor and acceptor levels

• 14.3 Temperature dependence of carrier concentration
• 14.4 Multiple doping, co-doping, and heavy-doping
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= q x n x v x A 

Section 14
Doping
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• 14.3 Temperature dependence of carrier concentration
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