Name: _ Solution

SECOND EXAM
MSE102
Thursday October 18™ 2004

BOTH SIDES of ONE 8.5x11" sheet and a calculator is allowed. Closed book.

1. SHORT ANSWER QUESTIONS
a. For (a) a hydrogen molecule and (b) Cu metal, would you use the tight binding model or the nearly
free electron model to describe the energy levels. Explain. [6]
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b. What is the general diffraction condition? Describe each parameter in the expression. [4]
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c. Consider electrons in an infinite potential well of width L as described in lecture. So the
uncertainty in the position is Ax=L. There must be a corresponding uncertainty in the momentum
of the electron and hence it must have a certain kinetic energy. Calculate this energy from the
uncertainty relationship and compare it with the value of the ground state energy. [10]
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The energy calculated from the uncertainty
principle is in the same order of magnitude as
the ground state energy (1D box); as a result,
we can determine and locate the ground state
energy.




d. Consider electrons in a weak potential of the form V(x) = A.;;g.sﬂ +Bcosﬂ. Sketch and label
a a

energy versus wavevector for electrons through the 3rd Brillouin zone. [5]. How many allowed
energy states are there in the lowest energy band.[5]
!
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2. In the semiconductor industry, aluminum electrical interconnects are being replaced by copper ones

for a variety of reasons. Aluminum and copper are both fcc metals.

(a) Write down the primitive translation vectors for an fcc element in terms of its lattice parameter
a. [3] Sketch the corresponding reciprocal lattice vectors. [3]

Let us consider patterning the copper into a 10nm by 10nm by 10nm cube and apply the free electron

model to these elements.

(b) Write down the applicable Schrodinger equation. [4]

(c) What are the wavefunctions and corresponding energies of the electrons in the cube. [6]

(d) Sketch electron energy versus waevector k. [4]

(e) Consider an electron in copper represented by a traveling wave with Fermi energy Er, encountering
the surface of a metal at which there is a potential step of heightV, (V»>Eg). Set up the problem
and give the form of the wavefunction outside the metal without solving the math. [10]
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