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There is a dipole field at the surface of a metal. This electric field must 
be overcome for an electron to escape.



work function – electron affinity



work function – electron affinity

images: 10.1109/TED.2017.2650216 If s < m, the semiconductor bands bend down.

If s > m, the semiconductor bands bend up. 
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specific contact resistance:

Ohmic contact:  linear resistance

Schottky contact
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Walter Schottky 

p-typeSchottky contact / ohmic contact



n-type

specific contact resistance:

Ohmic contact: linear resistance

Schottky contact
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Interface states

Interface states



http://www.springermaterials.com/navigation/#n_240905_Silicon+%2528Si%2529
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1901 Richardson 

Current from a heated wire is: 

some electrons have a thermal energy  that exceeds the work 
function and escape from the wire.

Owen Willans Richardson 

http://lampz.tugraz.at/~hadley/psd/L6/richardson.html

thermionic emission
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Fermi function
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diode

Talked about vacuum diodes in the ballistic transport section

vacuum diodes
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Ism ~ 0
Ims constant

Ism > Ims

Reverse bias

Ism ~ exp(eV/kBT)
Ims constant

e(Vbi - V)
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Forward bias
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Schottky barrier
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thermionic emission



▪ Majority carrier current dominates.

▪ nonideality factor ~ 1.

▪ Fast response, no recombination of electron-hole pairs required.

▪ Used as rf mixers.

▪ Low turn on voltage - high reverse bias current 
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Schottky diodes



For high doping, the Schottky barrier is so thin that electrons can tunnel through it. 

metal p+ p

metal n+ n

Tunnel contacts have a linear resistance. 

Degenerate doping at a tunnel contact

tunnel contact



contacts



▪ Drift
▪ Diffusion
▪ Thermionic emission
▪ Tunneling 

One or two transport mechanisms can dominate depending on the device and the bias conditions.

▪ In a forward biased pn-junction, diffusion dominates.

▪ In a tunnel contact, tunneling dominates.

▪ In a Schottky diode, thermionic emission dominates.

transport mechanisms

All mechanisms are always present.
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