3.3.6. Derivation of Schottky barrier lowering &

We now derive equation (3.3.11) by cdculating the potentid due to the image charge and adding
it to the potentia within the depletion region.

The eectrostatic force between the two particles, one with a postive eectronic charge and the
other with a negative dectronic charge, which are both a distance, x, away from the interface (x =

0), isgiven by:
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The corresponding potentia equds:
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which combined with the potentid variaion due to the dectric fidd yidds the following
potentia energy, V(X), versus position, X:

qz (3.3.19)
16pegx

V(%) = - QE max X -

where the field due to the charge in the depletion region is assumed to be constant and set equd
to the maximum fidd, Emax:

- J aN, 2(F - V,) (33.15)
e e

At this point the question arises why a single dectron can noticegbly dter the potentid, while the
depletion layer contains sgnificantly more charge. To understand this, one has to redize that we
have assumed that the charge in the depletion region is not quantized, but insteed is distributed
throughout the depletion layer. While this assumption does provide the correct average potentia
it does not accurady reflect the potentia variations due to the individud charges of the ionized
donors or mohile dectrons. As we assumed that the single dectron is far away from al other
charges in the semiconductor, the potential energy due to dl those charges is close to the average
potentia energy.

The potentid energy due to the distributed charge of the ionized donors and a single eectron
reachesits maximum value &:



q (3.3.16)
X = f—"1
™ 1\ 16pe.E, .,

and the corresponding maximum vaue of the potentid energy equas.
Vi =0f g - qDf g (3.3.17)

where Df g isthe barrier height reduction given by:
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