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Impact ionization

Carriers are accelerated to an energy above the gap before they 
scatter. They generate more electron-hole pairs. This results in an 
avalanche breakdown of the device.
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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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pn junction 
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semiconductors in contact
electrons flow from n to p
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pn junction 
semiconductors in contact

Abrupt junction: the doping changes abruptly from p to n 
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Built-in voltage Vbi

, , , ,

ln lnc v
bi v g B v B

D n A n A p D p

N NeV E E k T E k T
N N N N

  
= + − − −      − −   

( )( ), , , ,

ln c v
bi g B

D n A n A p D p

N NeV E k T
N N N N

 
 = −
 − − 

ln v
F v B

A

NE E k T
N

 
= +  

  ln c
F v g B

D

NE E E k T
N

 
= + −  

 



Vbi
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Vbi

Can Vbi perform work? 
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p and n profiles 
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electric field 

x

E
-xp xn

E pushes the holes towards p and the electrons towards n
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electron energies are plotted in band diagram



Depletion width 
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Depletion width 

W

Vbi ~ 1V

W ~ 1µm

Emax ~ 104 V/cm

vsat ~ 107 cm/sec

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 and n profiles (again) 
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Knowing the voltage profile we can calculate n and p.
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linearly graded junction
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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. 



Heterojunctions



Bipolar transistor

p



MOSFET

functions as a switch
~ 1 billion /chip

Metal Oxide Semiconductor Field Effect Transistor

http://en.w
ikipedia.org/w

iki/Im
age:M

osfet
linear.sv
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