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Semiconductor devices



metals, semiconductors, and insulators
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pN junction

under normal operation conditions

p-type n-type
N, > Np P =N,-Np Np > N, n = Np -N
D “Na
E. EE —m————————————
U ~. “/
E, E,
E — _
B KT
N N,
=E, +k,TIn v ﬂ=a—kTm[ ]
=TT (NA—ND) i Np =N,

Semiconductor devices Kittel p. 503 - 512



V,,; built-in voltage

law of mass action

2 _ _Eg
| E,. n- =N_N, exp
KeT

B




p and n profiles
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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.



depletion approximation
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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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Esaki diode / tunnel diode
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Light emitting diodes *= {>’|‘ Cathode
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Solid state lighting is efficient.



