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Today’s Discussion

* The p-n junction in equilibrium (finish)

* The p-n junction out of equilibrium (begin - if
time allows)



Application of Gauss law
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Depletion near the junction

The built-in potential is also related to the width of the depletion
region. Since the field distribution has a triangular shape, the integral

is simply . )
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Details of band bending from potential

V(x) completes the band diagram in the depletion region
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Depletion width

And with a little algebra
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Back to Example 1 (previous lecture)
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Back to Example 1 (previous lecture)
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Beyond depletion approximation

In reality, the transitions between space charge region and neutral
regions are not as abrupt as stated by the depletion approximation
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Beyond depletion approximation

The minority concentration is very minute and it has been neglected in
the equilibrium analysis, but minority carriers will be important to
understand current injection when a bias voltage is applied.
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Beyond depletion approximation
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Example 2
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Example 2
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Example 2
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Example 2
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Example 2
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Example 2
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Example 2
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Example 2
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Example 2

ND,:2><10]'5+cm‘3 Ec  pPiype | n-type )
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Charge density per unit area

0, =N x,0 =—1.6x10""7 x5x10"> x0.381x10™* = -3.04x10™° C cm ™

0, = gNp xp0 =1.6x10" 12 x2x10'°%0.095x10™* =3.04x1078 C cm ™
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Example 2
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p-n junction /-V curve
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p-n junction in equilibrium
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p-n junction in forward bias
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Limits of depletion approximation

 The depletion approximation is sufficient to
evaluate the electrostatic behavior of the
junction reasonably well.

e However, it is insufficient to determine
current flow.

* No mobile charge inside the depletion region
would imply that there is never current flow.
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p-n junction in forward bias
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The behavior of the quasi-Fermi levels indicates
that there is excess minority carrier concentration
at the “boundaries” of the depletion region.
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p-n junction in reverse bias

HIGHER BARRIER
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p-n junction in reverse bias
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p-n junction in reverse bias

Reverse bias circuit I
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Where does this current come from?
Why is it constant? 29



p-n junction in reverse bias
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Thermal generation

At fixed temperature, thermal generation of EHP’s is steady.
If the reverse bias is increased, carriers in the space charge region may be
faster, but the number of available carriers per unit time stays the same.

—> The reverse saturation current remains constant.
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p-n junction in forward bias

Forward bias circuit I
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Thermal generation current is always there but it becomes negligible for V > kzT/q
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