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pN junctions

pn junctions are found in:
diodes . = ~
solar cells 7

LEDs K p type j
1solation ntype

JFETs !
bipolar transistors p type
MOSFETs

solid state lasers




pNn junction

1solated semiconductors
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pNn junction

semiconductors 1in contact
electrons flow from n to p
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pNn junction

semiconductors in contact
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Built-1n voltage

Abrupt junction: the doping changes abruptly from p to n



Built-in voltage V,,
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p and n profiles
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depletion approximation
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depletion region



space charge
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electric field
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E pushes the holes towards p and the electrons towards n
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potential
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electron energies are plotted in band diagram
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Depletion width
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light doping => wide depletion width
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Depletion width

P | n
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Depletion region — : i E,
., E ..~ 10* V/cm

7
Vi ~ 107 cm/sec

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.



Abrupt pn junctions in the depletion approximation

In an abrupt po junction, the doping changes abruptly from p to n. It iz commeon to solve for the band bending, the local electric feld, the carnier concentration profiles, and the local conductivity it
the depletion appromzmation. In this approzmation it 15 assumed that there 13 a depletion width W around the transtion from p to n where the charge carrier densities are neghaible. Cutside 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 impottant properties of the pn unction,
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Abrupt pn junctions (itterative solution)

In an abrupt pn junctien, the doping changes abruptly from p to n. The depletion approzmation 15 used as an mitial guess for the carmer density, band bending, and electnc field and then these
cuantities are refined by solving the Poisson ecquation itteratively
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p and n profiles (again)

Knowing the voltage profile we can calculate n and p.
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linearly graded junction
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Isolation




Solar cell

hf >Eg

o\ n
p

Light creates an electron-hole pair in the depletion
region. The electric field sweeps the electrons towards
the n-region and the holes towards the p-region.



Light emitting diode
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Electrons and holes are injected into the depletion
region by forward biasing the junction. The electrons
fall in the holes. For direct bandgap semiconductors,
photons are emitted. For indirect bandgap
semiconductors, phonons are emitted.



Heterojunctions




Bipolar transistor

collector base emitter
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MOSFET

Metal Oxide Semiconductor Field Effect Transistor
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functions as a switch
~ 1 billion /chip
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Varactor
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abrupt: n=1/2
linearly graded: n=1/3

n=1/(m+2)




Capacitance-voltage characteristics

-2

specific capacitance C, = % Fm
abrupt junction: W =-2 = 26(Np + N, ) (Vi =)
Cj eNDNA

a one sided abrupt junction in reverse bias: 0+ N
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Capacitance-voltage characteristics

a one sided abrupt

junction in reverse |
bias:
p+ n 1
o N
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slope gives impurity concentration and the intercept gives V,;
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