Question 6

According to quantum mechanics the dynamics of electrons can either be treated as the motion
of particles or the propagation of waves.

a) Give two (or more) examples (relevant to the lectures) which show the particle character.
b) Give two (or more) examples (relevant to the lectures) which show the wave character or
electrons

Question 7
Consider electrons with an effective mass m* and energy E.

a) The electrons are confined in a layer with thickness D. In the x and y directions the electrons can
move freely. What should the thickness D be so that the electron system is two-dimensional?

b) Now the electrons are confined in a cube with thickness, length and width equal to D. What is the
value of D so that the energy of the lowest O-dimensional state is equal to E?

c) Can you give a few examples of 2-dimensional electron systems? And 1-dimensional and 0-
dimensional systems?

Question 8

4 a) Describe the operation of a single electron transistor. Give a schematic diagram of a single electron
transistor. Show the distribution of charges when the current through the transistor is off, and when it
is on.

b) Discuss what is needed for a good operation of the transistor. Consider role of capacitance,
temperature, resistance and possible other effects which can influence the operation.

c) Do you think that single electron transistors can replace conventional field effect transistors? Give
some reasons why, or why not.
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Question 4:

A semiconductor wire has a circular cross section (in y and z directions), and is extended in the
x direction. The electrostatic potential of the electrons is written as V(r) = - a r* with r’

=y* + z * (Note that this potential can be written as the sum of potentials which only depend on
y Or Z).

a) Write down the (time independent) Schrodinger equation which describes the electronic
states in the wire (Assume that the electrons have an effective mass m*).

Due to the confinement in the radial (y,z) direction discrete electronic states are formed.

b) Make a drawing of the energy levels (indicate what the level spacing is and if there are
degeneracies)

Due to the extended electronic states in the x-direction, the density of states of the wire consists
of a series of 1-dimensional subbands.

c) Make a schematic drawing of the density of states as a function of energy.
The electronic states are occupiaed up to the Fermi energy Ef.

d) For which values of the Fermi energy are the electronic states in the wire strictly 1
dimensional?
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