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pn junctions are found in:
diodes
solar cells
LEDs
isolation 
JFETs
bipolar transistors
MOSFETs
solid state lasers
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electric field 
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Gauss's law in 1-D is
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Depletion width 
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light doping => wide depletion width



Depletion width 

W

Vbi ~ 1V

W ~ 10 nm - 10 mm

Emax ~ 104 V/cm

The electric field pushes the electrons towards the n-region 
and the holes towards the p-region.

Diffusion sends electrons towards the p-region and holes 
towards the n-region.





p-Si 100 wafer

diode fabrication 
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linearly graded junction
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http://lampx.tugraz.at/~hadley/psd/L6/linearly_graded.html



Isolation 



Solar cell

p

n

hf  > Eg

Light creates an electron-hole pair in the depletion 
region. The electric field sweeps the electrons towards 
the n-region and the holes towards the p-region.



Light emitting diode

p

n

hf = Eg

Electrons and holes are injected into the depletion 
region by forward biasing the junction. The electrons 
fall in the holes. For direct bandgap semiconductors, 
photons are emitted. For indirect bandgap 
semiconductors, phonons are emitted. 



Varactor
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linearly graded: n = 1/3
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Capacitance-voltage characteristics
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Capacitance-voltage characteristics

a one sided abrupt 
junction in reverse 
bias: 
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Equilibrium concentrations, V = 0
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Bias voltage, V = 0
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Bias voltage, V ≠ 0

2
0 0

ln ln lnD A D A
bi B B B

i p n

N N N N
eV k T k T k T

n n p

    
           

0

0

exp

exp

bi
p D

B

bi
n A

B

eV
n N

k T

eV
p N

k T

 
  

 
 

  
 

2
0 0 0 0p p n n in p n p n 

V = 0

V  0

0p Ap N
0n Dn N

2

0
i

p
A

n
n

N


2

0
i

n
D

n
p

N


( )n np x
( )p pn x

 

 

( ) exp

( ) exp

bi
p p D

B

bi
n n A

B

e V V
n x N

k T

e V V
p x N

k T

  
  

 
  

  
 





Forward bias, V > 0

Electrons and holes are driven 
towards the junction.
The depletion region becomes 
narrower

Minority electrons are injected into the p-region
Minority holes are injected into the n-region
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Reverse bias, V < 0

Electrons and holes are driven away from 
the junction.
The depletion region becomes wider

Minority electrons are extracted from the p-region by the electric field
Minority holes are extracted from the n-region by the electric field
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Quasi Fermi level
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When the charge carriers are not in 
equilibrium the Fermi energy can be 
different for electrons and holes.



Review of Diffusion
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n-type

Injection only occurs at the surface. There the 
minority carrier density is pn(0).
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Diffusion current

n-type
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At the edge of the depletion region:
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Diffusion current
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Diffusion current
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Diode current
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Area Saturation current



Diode I-V charateristics

http://lamp.tu-graz.ac.at/~hadley/psd/L6/pnIV.php



Thermometer


