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semiconductors in contact
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pn junction

semiconductors in contact
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Abrupt junction: the doping changes abruptly from p to n



Built-in voltage V,,

E, in p-region i
\Y p g \ n Ec in n'region
\ | E

3 c
Ep — Ey, = kgTIn (%) Er | I ’/

Ne
ECTl — EF = kBTln N_D

Vi:=E —kpTl Ne kTl Ny
eVpi = Lg — Kpl Il ND,n_NA,n gl In NA,p—ND,p

Vi = E, — kg i
eVpi = Lg gl in (ND,n—NA,n)(NA,p —ND,p)



Vi = E; — kgT1 Nely
“rhi T 7 5o o (ND,n - NA,n)(NA,p - ND,p)

2
n-2=NNeXp<_—Eg> E,=—k Tln( T )
L viie kgT g B N,N.
Nn.,. — N Ny,— N
eVy; = kgT In <( bn A’n)g 4p D’p)>
n;

2
n;

NpN
for ND’n i NAIn — ND and NA,p - ND,p = NA elVy; = kBT1n< D A)

https://lampz.tugraz.at/~hadley/psd/L6/Vbi.html



p and n profiles
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space charge
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electric field

Gauss's law
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Depletion width
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Depletion width
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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.



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 7 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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Drift and diffusion
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