
What happens when we put them in contact to each other?

homojunction

Fermi distribution
Fermi level
Density of states
Carrier density

Units of these things

The pn junction



electrostatic

(Holes drift uphill in this kind of diagrams, since 
energies are plotted for electrons.)

The intrinsic level: the Fermi 
energy of the intrinsic 
semiconductor. For Si, it’s 
about at the mid-gap. 
We discussed why.

Depletion region more or less 
intrinsic (depleted), but 
cannot really be

Diffusion and drift are against each other. 
Equilibrium is reached eventually.

In the transition region (the junction!), you don’t have



https://en.wikipedia.org/wiki/P%E2%80%93n_junction

Built-in voltage

https://www.sciencedirect.com/topics/computer-science/energy-band-diagram

Richard H. Bube, in Encyclopedia of Physical Science and Technology (Third Edition), 2003

p type n type

= q∆V

Band diagram of pn junction

q: elementary charge

Vacuum level

One Fermi level 
in equilibrium

Electron affinity

https://www.sciencedirect.com/referencework/9780122274107/encyclopedia-of-physical-science-and-technology


electrostatic

(electrostatic)

Field

Think about this eq. 
graphically (esp. with 
depletion approximation)

Work from definition



−φ

Pay attention to signs of electrostatic potentials and potential energies.



We could solve them numerically, but we like analytical expressions 
since they provide physical insights.



n = 1012 /cm3 ≈ 0
???

−φn and p depend on φ exponentially. 

When φ is not too much larger than kBT, 
n ≈ 0 and p ≈ 0. 

The depletion approximation

ni = 1.45 × 1010/cm3 for Si

e ≈ 2.718, e2 ≈ 7.4, e4 ≈ 55, e5 ≈ 148 





Define



Why?



Schottky junctions

metal semiconductor
separated

Evac: vacuum level 

work function of metal

ionization potential

electron affinity

in contact
𝐸𝐸𝑉𝑉

𝐸𝐸𝐹𝐹
𝐸𝐸𝐶𝐶

Evac

(work function of semiconductor)

Fermi levels line up; depletion approximation.



Electrostatic potential

Electric field

Charge density
q

Fermi levels line up; depletion approximation.

𝐸𝐸𝑉𝑉

Evac

𝐸𝐸𝐹𝐹
𝐸𝐸𝐶𝐶

Rectifying Schottky junction: 



More e’s here than in bulk

Schottky ohmic contact: 
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