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Semiconductors

Recombination corresponds to the free electron
finding an incomplete bond with a missing
electron. When the electron completes the
bond, the free electron of the CB and hole of
the VB are annihilated.

This is a direct recombination mechanism and
the excess energy of the electron is lost as a
photon hv= E,.

Ex. Light emitting diodes (LEDs)
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Semiconductors

However, since there are no empty states in the
VB of 51 and Ge, direct recombination is not
possible and recombination centers are used.

The recombination center may be an impurity
atom or crystal defect which captures the
electron and holds” it until a hole arrives.

For this process the energy of the electron is lost
to lattice vibrations - these emitted lattice
vibrations are called phonons.
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Figure 18.2.2 Energy bands and two-dimensional representation of an intrinsic semiconductor
lattice. (a) At absolute zero (or E, >> &T), assuming a perfect lattice: no holes or electrons exist.
(b) At a temperature where some lattice bonds are broken, yielding electrons in the conduction

band and holes in the valence band. Ep represents the Fermi level in this intrinsic semiconductor.



Semi

For an intrinsic semicondt
densities are equal.

n, - density for CB electr
p; — density for VB holes

n,p; = (constan







Y ) /
Semice /

However, electrons in CB ¢
introduced by adding dopa
semiconductor lattice to prodt
semiconductor.

This causes the concent
excess of the other

S
—

- ———




(=




77 o | N Y / &
Semicone ,

For 1 ppm of added dopant
Np = 5x10% cm™ - maki:
electron density, n.

p =1n;°/Ng

In this case, the ical cor

attributed to
majority carri
Thus a materi
called a n-type




Conduction band
electron

Fixed positive
site at ionized
donor impurity

Fixed filled negative
site at acceptor

impurity

Figure 18.2.3  Energy bands and two-dimensional representation of extrinsic semiconductor
lattices. (a) n-type. (b) p-type.
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Figure 18.2.3 Energy bands and two-dimensional representation of extrinsic semiconductor
lattices. (a) n-type. (b) p-type.
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Semiconductors

Example:

A n-type can be illuminated with a wavelength
of light which will photogenerate electron-
hole pairs.

For the n-type there are an excess of electrons
(majority carriers) compare to holes (minority
carriers).

When the light is turned off (dark), then the time
for the electrons and holes to recombine is
called the minority carrier lifetime (mean
recombination time).
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Semiconductors

Luminescence

During recombination a photon may be emitted.
This emission is referred to as luminescence.

Luminescence may be fluorescence or
phosphorescence.

The original electron excitation can occur by
photons (photoluminescence), high-energy
electron beam (cathodoluminescene), or an
electric current (electroluminescence).
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Semiconductors

The Schottky barrier height, ¢z is the potential
energy barrier for electrons moving from the
metal to the semiconductor.

At OCP, there is no current flowing except for
some thermal emission both ways.

When under forward bias, the semiconductor is
connected to the negative terminal.

When under negative bias, the semiconductor is
connected to the positive terminal.
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Semiconductors

The built-in field in the depletion region of the
Schottky junction can be used as photovoltaic
devices and photodetectors, creating electron-
hole pairs when struck by a photon.

Example: 10 nm Au deposited on n-type semiconductor -
electron will drift toward the semiconductor and
holes towards the metal.

Photon energy is converted to electrical energy.

Advantage - the photon energy only has to be greater
than ¢ not E,.
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