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The electric field pushes the electrons towards the n-region and the holes towards the
p-region.

Diffusion sends electrons towards the p-region and holes towards the n-region.



Abrupt pn junctions in the depletion approximation

In an abrupt pn junction, the doping changes abruptly from p to n. It is common to solve for the band bending, the local electric field, the carrier concentration profiles, and the local
conductivity in the depletion approximation. In this approximation it is assumed that there is a depletion width W around the transition from p to n where the charge carrier densities
are negligible. Outside the depletion width the charge carrier densities are equal to the doping densities so that the semiconductor is electrically neutral outside the depletion width.

Using this approximation it is possible to calculate the important properties of the pn junction.
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Zener tunneling
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Light emitting diodes
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Emitted photons
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Electrons and holes are injected into the depletion region by forward biasing
the junction. The electrons fall in the holes. For direct bandgap
semiconductors, photons are emitted. For indirect bandgap semiconductors,
phonons are emitted.
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Solar cell

IEN

Equivalent circuit g

| Antireflection layer
SiD2

T 1N o i L. T ]

b T

,— .
Fiedlevions put of phase T phase change

. -rWITE

RS T TTTRAS R PR TR g

/\\-.
ﬂ';"' . P/

Aluminum !
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MOSFETS

Metal-oxide semiconductor field effect transistors
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Heterojunctions
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Phonons
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Normal Modes and Phonons

At finite temperatures. the atoms in a crystal vibrate. In the simulation below, the atoms move randomly around their equilibrium positions.

T=30K |- + |
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1-d chain of atoms with two different masses
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Phonons

N, atoms in crystal

3N,,,,, normal modes

P atoms 1n the basis

N...../p unit cells

N.../P translational symmetries

N..om/P K-vectors

3p modes for every K vector

3 acoustic branches and 3p-3 optical branches

atom



Normal modes are eigenfunctions of T

These are eigenfunctions of T.
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Substitute the eigenfunctions of T into Newton's laws.
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fcc phonons

3N degrees of freedom
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Landholt Boernstein Database

From Springer Materials
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Fig. 1. Auw. Phonon dispersion relations in the principal symmetry directions according to [73Lvl]. The solid curves
represent both the fourth neighbour general force model (M1) and the fifth neighbour axially symmetric model (M 2} of
Table 3 Au. The dotted line in the T direction is corresponding to the velocity of sound appropriate to the [0£{] T; branch.




Materials with the same crystal structure will have
similar phonon dispersion relations
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Fig. 1. Au. Phonon dispersion relations in the principal symmetry directions according to [73Ly1]. The solid curves
represent both the fourth neighbour general force model (M1) and the fifth neighbour axially symmetric model (M 2} of
Table 3 Au. The dotted line in the ¥ direction is corresponding to the velocity of sound appropriate to the [0{{] T, branch.
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Table summarizing the thermodynamic properties of phonons
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Phonon dispersion of CsCl
HM: PM-3M #221
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The conventional unit cell is a cube with sides of @. There is
one Cs atom and one Cl atom in the conventional unit cell.
The Bravais lattice is simple cubic.
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Two atoms per primitive unit cell
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http://lamp.tu-graz.ac.at/~hadley/ss1/phonons/phonontable.html
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Phonon quasiparticle lifetime

Phonons are the eigenstates of the linearized equations, not the full equations.

Phonons have a finite lifetime that can be calculated by Fermi's golden rule.

Coe = Z[(f My i) 5 (E, - E))

Occupation 1s determined by a master equation (not the Bose-Einstein function).
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Acoustic attenuation

The amplitude of a monocromatic sound wave decreases as the wave propagates
through the crystal as the phonon quasiparticles decay into phonons with other
frequencies and directions.



