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The Charge-Field-Band diagram for the Si p-n junction. Note carefully the differences
between the values calculated by the depletion approximation, and those got by the exact
solution of Poisson equation. The simulation is done using the 1D Poisson simulator.
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Mobile carrier densities in the p-n junction. The majority and minority carriers in each
region are clearly labeled.

It is clear that by neglecting the Gummel correction, the maximum electric field
calculated is higher than the actual field. The depletion region thickness is also larger
from a simple depletion approximation. The carrier profiles have the highest error in the
depletion approximation; the error in assuming an abrupt depletion edge is of the order of
several Debye lengths for the mobile carrier concentration.

However, for most important quantities, the depletion approximation works reasonably
well.
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The simulated band diagrams using 1D Poisson are shown below. As can be seen, the
band bending, the maximum electric field at the interface, and the Debye lengths match
our exact calculations very well. This example illustrates that only for very simple
structures can the Poisson equation be solved exactly. Most of the simulation for real
devices is done numerically.
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