










Figure 1: Reverse bias I-V characteristics of
a pn junction. Typical reverse
bias current is very low until a certain
voltage, when the current increases
exponentially. This voltage is called the
breakdown voltage and can be a
reversible or irreversible process



Figure 2: Avalanche breakdown in a
lightly doped pn junction. Thermally
generated carriers in the depletion
region get accelerated by the electric
field and cause ionization in other Si
atoms producing a cascade of electrons
and a rapidly increasing current



Figure 3: Avalanche breakdown voltage as a function of dopant concentra-
tion for different semiconductors. With higher dopant concentrations the
mechanism changes to a Zener breakdown process.





Figure 4: Tunneling of electrons from
p to n side in a heavily doped pn
junction under reverse bias. The bias
causes band bending such that the
valence band on the p side is aligned
with the conduction band on the n
side (offset in the bands).

Figure 5: Breakdown field vs.
dopant concentration. At lower
concentrations the breakdown is
due to avalanche mechanism,
which shifts to Zener mechanism
at higher values.







Figure 6: Three commonly
founds modes of thin lm
growth. (a) Growth occurs
layer by layer. (b) Growth
occurs directly in the form of
islands. (c) Growth occurs due
to a mixture of layers and then
islands





Fermi level  line up need that electrons will move from material of higher fermi
level to material of lower energy level (no matter the material type (n or p))



Figure 7: Energy band diagram of
two dissimilar materials before
junction formation. Before joining
the vacuum levels are aligned but
the electron affinity and work
functions are different so that the
valence and conduction bands
are not aligned.

Figure 8: Energy band diagram of two
dissimilar semiconductors at equilibrium.
The Fermi levels line up but the energy
difference between the two valence
bands and conduction bands is
maintained.



Figure 9: First step in drawing the band
diagram of a heterojunction. The Fermi
levels are aligned and far away from the
depletion region the individual
p and n junctions are marked

p-type and n-type dissimilar
semiconductors before contact



Figure 10: Second step in drawing the
band diagram of a heterojunction.

Figure 11: Third step in drawing the band
diagram of a heterojunction showing the
band bending



Figure 12: (a)-(d) Steps in drawing a heterojunction staring from two different
semiconductors. This is the summary of figures 9, 10, and 11. There is an energy
discontinuity in the conduction band while a quantum well is formed in the valence band





Figure 13:
Summary of band
bending in a
heterojunction. (a)-
(b) Initial and final
alignment when the
p side has a higher
band gap than the
n side. (c)-(d) Band
alignment when the
n side has a higher
band gap than the
p side
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Figure 14: Energy minimum at the interface in the conduction band for n+-AlGaAs
and n-GaAs heterojunction. When the depletion width is small, this energy
minimum region is quantized, with specific discrete energy levels. Transitions from
these discrete energy levels are sharp and can be used for opto-electronic devices


