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6.5.2: The Fermi Level

The Fermi Level is the energy level which is occupied by the electron orbital at temperature equals 0 K. The level of occupancy
determines the conductivity of different materials. For solid materials such as metals, the orbital occupancy can be calculated by
making an approximation based on the crystalline structure. These orbitals, combined with the energy level, determine whether the
material is an insulator, semi-conductor, or conductor. The orbitals are categorized according to its energy. The lower energy
orbitals combine and form a band called the valence electron band, and the higher energy orbitals combine to form a band called
the conduction band. There is a gap between the valence and conduction band called the energy gap; the larger the energy gap, the
more energy it is required to transfer the electron from the valence band to the conduction band.

Energy Band Diagram

The diagram below is an example of an energy band diagram. The upper box represents the conduction band, the lower box
represents the valence band, and the yellow is the occupancy level of electrons. The conductivity of a material can be determined
by the energy diagram. In order to conduct electricity, an electron must make a transition into another state since electrons cannot
occupy the same quantum states. When the electron cannot make that transition, it will be not be able to conduct electricity. When
the band is completely filled, the closest state an electron to transfer to will be the states in the conduction band, and that would
require the electron to jump over the band gap, thus making it more difficult to conduct electricity. With this rule, it is easy to tell
the difference between insulator, semi-conductor, and conductors. The energy band on the left side is an insulator because if an
electron wants to go into a higher energy state, it will need to jump through that huge energy gap. Since it requires a large amount
of energy to move the electron, the material will have a difficult time conducting electricity. The energy band in the middle is a
semi-conductor because although the electrons have to jump across the energy gap, the energy gap is small. If an electron wants to
make a transition, it will require very little energy since they are all int he same energy band. Thus, for the material in the middle,
although it will have difficulty conducting electricity, it is not impossible. The energy band in the right is a conductor. Although the
valence band is filled just like the insulator and semi-conductor, the conduction band overlaps the valence band. If an electron
wants to make a transition, it will require very little amount of energy. Which means the material on the right can conduct
electricity very easily.

AN

Fermi Level

The electrons that occupies the orbits are described by Fermi-Dirac distribution as the figure below, the distribution takes on the
form of:

11+exp[(E—u)/KT](1)(1)11+exp[(E—u)/KT]
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Where E is the energy of the system, uu is the fermi level, K is the Boltzmann constant, and T is the temperature. The Fermi-Dirac
distribution accounts for the population level at different energies. The Fermi level is at e/u=1e/u=1 and KT=uKT=u. Whenever the
system is at the Fermi level, the population n is equal to 1/2. The tail part in the exponential is very important for the conductivity
of semi-conductors. If you can bring the Fermi level high enough, then part of the tail will go over to the conduction band. Thus,
the electron will have an easier time making a transition to the conduction band and the conductivity will increase. The
conductivity can also be affect by factors such as temperature and purity. From the distribution, the temperature has a direct effect
on how the energy states are populated. When temperature increases the tail of the exponential gets longer and wider, thus making
the conduction band level population more accessible. For Semi-conductor materials, having an access to the conduction band level
means it can conduct electricity with energy, which means the conductivity of the material is increased. The purity also affects the
Fermi level. Purity defects with atoms that have excess electrons would bring the Fermi level up, and making it easier for electrons
to jump into the conduction band.
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Problems

1. Besides the Fermi Level, what other factor determines the population in different energy levels?
answer: Temperature

2. What is the difference between a semi-conductor and an insulator?

answer: A semi-conductor has a smaller band gap and therefore, while more difficulty than a conductor, is able to conduct
electricity if you put in enough energy.

3. What does the Fermi level determines?

answer: The Fermi level determines several factors. It determines the population at different energy levels. It also determines how
easily can the material conductor electricity. As your Fermi level approaches your conduction band energy, it will be easier for the
electrons from the valence band to travel to the conduction band.
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