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Abrupt pn junctions in the depletion approximation

In an abrupt pn junction, the doping changes abruptly from p to n. It is common to solve for the band bending, the local electric field, the carrier concentration profiles, and the local
conductivity in the depletion approximation. In this approximation it is assumed that there is a depletion width W around the transition from p to n where the charge carrier densities
are negligible. Outside the depletion width the charge carrier densities are equal to the doping densities so that the semiconductor is electrically neutral outside the depletion width.
Using this approximation it is possible to calculate the important properties of the pn junction.
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Equilibrium concentrations, V = 0
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Bias voltage, V =0
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Bias voltage, V # 0
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Forward bias, V > 0
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Electrons and holes are driven

towards the junction.

The depletion region becomes

narrower
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Reverse bias, V < 0

Electrons and holes are driven away from
log{Carrier Densities) the junction.
% _ The depletion region becomes wider
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Minority electrons are extracted from the p-region by the electric field
Minority holes are extracted from the n-region by the electric field



Quasi Fermi level

When the charge carriers are not in
equilibrium the Fermi energy can be

different for electrons and holes.
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Review of Diffusion
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Diffusion current
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Diffusion current
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Diffusion current
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Diode current
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Diode I-V charateristics
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Thermometer
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Short diode
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Diffusion current
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Short diode current
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Real diodes
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Real diodes
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Zener tunneling

Electrons tunnel from valence
band to conduction band

Occurs at high doping
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Tunneling

wave decays exponentially in the
classically forbidden region

Tunneling is a wave phenomena. Tunneling and total internal reflection
are used 1n a beam splitter.



Zener tunneling

Breakdown voltage 1s typically much lower than the
breakdown voltage of an avalanche diode and can be
tuned by adjusting the width of the depletion layer.

Used to provide a reference voltage.



Avalanche breakdown

Impact 1onization
causes an avalanche of
current

Occurs at low doping
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Breakdown voltage V 2 (V)

Avalanche breakdown

Impurity concentration NB (cm'a}
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