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PN JUNCTION (EQUILIBRIUM)
●
●

●
●

●

The combination of an n-type and p-type
semiconductor.
Majority carriers from each region begin to
diffuse, leaving behind ionized donors and
acceptors. These ionized dopants create an
electric field.
At equilibrium, the net current through the
junction is zero.
The drift current (caused by the electric field)
and the diffusion current (movement of mobile
carriers) cancel each other out.
A built-in potential is created in the depletion
region.

PN JUNCTION (contd.)
●
●
●

The fermi level is constant at equilibrium.
The built-in potential is determined by the difference between the intrinsic fermi
levels in the p and n junctions.
Useful equations to know:
Built-in Potential:

Depletion Width:

Capacitance:

PN JUNCTION (Electrostatics)
●

●

For the purposes of this class, we are making an assumption that there is only
charge in the depletion region provided by uncompensated dopants. There are no
carriers providing charge in the depletion region. In addition, the semiconductor is
neutral outside of the depletion region. This approximation is called the depletion
approximation.
Using this assumption we can provide an electrostatic profile of the PN Junction
through Poisson’s Equation:

PN JUNCTION (contd.)
●
●
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The fermi level is constant at equilibrium.
The built-in potential is determined by the difference between the intrinsic fermi
levels in the p and n junctions.
Useful equations to know:
Built-in Potential:

Depletion Width:

Capacitance:

PN JUNCTION (Forward Bias)
●
●
●
●
●
●

Apply a positive voltage to a PN Junction (positive is applied to the p-side).
The potential barrier in the depletion region decreases, allowing for holes from the
p-side to diffuse to the n-side (and vice versa).
The junction is no longer at equilibrium. We have quasi-fermi levels.
Fn is above Fp.
Depletion Width decreases.
Diffusion capacitance is prominent.

PN JUNCTION (Reverse Bias)
●
●

●
●
●
●

Apply a negative voltage to a PN Junction (positive is applied to the n-side).
The potential barrier in the depletion region increases, so majority of current is
provided by the drift current of minority carriers. The drift current is relatively
insensitive to the voltage applied because there are few minority carriers to be
swept away.
The junction is no longer at equilibrium.
Fn is below Fp.
Depletion Width increases.
Junction capacitance is prominent.

PN JUNCTION (Reverse Bias)
For a reverse biased PN junction there are two breakdown mechanisms:
●

Zener Breakdown: When both sides of the junction are heavily doped such that the
depletion width is small. Only a small reverse bias is needed to cause the n-side
conduction band to fall below the p-side of the valence band. As of a result,
electrons can tunnel through from the valence band of the p-side to the conduction
band of the n-side. High Doping, Low Voltages.

●

Avalanche Breakdown: At high reverse biases, the electric field within the
depletion region will be large. As of a result, electrons and holes are accelerated
and have high kinetic energies. These carriers impact the lattice and create
electron-hole pairs (impact ionization). The newly created electrons and holes are
also accelerated and can impact the lattice. Thus, the process creates an
exponential increase in current. Low doping, High Voltages.

PN JUNCTION (Reverse Bias)

Zener Breakdown

Avalanche Breakdown

Metal-Semiconductor Junctions
●

There are two types of metal-semiconductor contacts: ohmic and rectifying.
Фm < Фs

●

●

Фm > Фs

N - type

Ohmic

Rectifying

P - type

Rectifying

Ohmic

In ohmic contacts, an accumulation of majority carriers is needed to align the
fermi levels of the semiconductor and the metal. A linear I-V characteristic in both
biasing directions.
In rectifying contacts, a depletion of majority carriers is needed to align the fermi
levels of the semiconductor and the metal. There is easy current flow in the
forward bias direction, but little current in the reverse bias direction.

Metal-Semiconductor Junctions
A metal and a p-type semiconductor are brought
together. The metal work function Фm is less
than the semiconductor Фs, but greater than its
electron affinity Χ. Draw the band diagram before
and after these two materials come into contact.

Optical Devices

Lasers/LED’s

Photodetectors

Solar Cells

