ECE609 Spring07
MID-TERM EXAM

1 Review of Modern Physics and Semiconductor Funtdamentals [S0pts]

3pt List three different type of physical effects on particles, which can only be explained using quantum
mechanics.
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2pt What are the two primar assumptions of the Bohr model.
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2pt Why are the energies in solids not discret as in an atom. Why are they not continuous, as is the case
for a free electron?
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2pt What two parameters are linked by Poisson’s equation'?
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2pt Describe the modeling procedure needed to determine energy bands in solids.
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3pt How does the conductwtty of a solid depend on whether the energy bands are completely filled,
partially filled or empty?
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2pt What are holes? Careful y justify your definition
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3pt How many states are there in 1 micron sized solid for which an electron has a kinetic energy less than
1 eV? Treat the electron as a free electron confined to a 1D well with infinite potential walls
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2pt What is the physical meaning of the Fermi energy?
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2pt What is the basic assumption used in statistical thermodynamics when calculating the probablhty
distribution functions?
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3pt List the assumptions mace to obtain the following equation:-
no = Ng exp((Er — Eg)/(ksT))
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2pt What is the difference be:ween an intrinsic semiconductor and an extrinsic semiconductor?
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3pt What assumptions are mede when deriving equation ng = Ng ?
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3pt Sketch the bandstructure (in k-space) of an semiconductor with an indirect bandgap near OK, 50K and
room temperature showing the location of any charge carriers. -

C\‘-\-‘ = | gb ) ,:

by
-G
o

4pt Describe and plot the t:mperature dependence of the carrier density in a N-type semiconductor
((n/Np) in function of T) Identify the three regions and explain what happens by indicating the
filled and empty states on an energy band diagram.
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2pt Name and describe the two transport mechanisms in semiconductors.
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4pt Explain why the mobility in a semiconductor depends on the doping density. [ J ,£ /a ( e j/r-y"{] _
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3pt List three recombination-generation mechanisms.
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3pt Describe the continuity € quation in words.
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2 Practice [20pts]

6 Calculate in (eV) the energy bandgap E¢ of GaAs at T' = 300K (You will NOT suppose that E is
in the middle of the bandgap).
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8 Consider a InAs where iZg = 0.36eV, electron effective mass is 0.02: yme, thehole effective massis”
~B:4me. Find an ANALYTICAL expression of the intrinsic electron density of InAs in fonction of the
intrinsic electron density of GaAs. Numerical Application.
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6 Consider a GaAs P-N junction (ideal diode) with a reverse saturation current J; = 10718 4, calculate
the applied bias potential required to obtain a current of 10mA.
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3 Problem [30pts]

20pt 1D A-B crystal: The crystal is shown schematically below. The elementary cell has period 2d. For
a given atom of type A (resp. type B), only one energy state v (resp. vZ) is available. We would
like to solve the Schrodir ger equation: H¥ = EV¥. We propose to show that it appears two permitted
energy band separated by an energy bandgap.
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o Write U(z) a a lineir combination of of basis functions v;! and. v2 respectively associated with
the coefficients ¢, and d,,.

e Show that ¢, and d,, satisfy the following equations (we consider only the interactions between
the first neighbors):
can,E‘g1 — dpggA —dy,_1A = Ec,

and
A EP— co1 A — comA = Ed,

where you will give the expression of }55'5,'1 (on site energy for atom A), Ef (on site energy for
atom B) and A (coupling term).

o We consider solutions of this form: ¢, = aexp(ikn2d) and d, = Bexp(ikn2d), where k
belongs to the first Brillouin zone. Derive the dispersion relation E(k) in function of #@6: B,
E;? » A (Hint: Put the previous expressions into a matrix form and look at the determinant).

o Plot the dispersion relation considering E§t < EB. What is the value the bandgap ?
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10pt When semiconductors are heavily doped, the depletion region at the junction can become quite narrow.
In such situation (see Figure below), tunneling can occur when possible. Without any calculations,
plot the I-V curves for uch device (You will first pictorially describe what is happening if a small
then large forward bias is applied).
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