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EE2H - Physics for Electrical Engineers Midterm

UCLA Department of Electrical Engineering
EEZH - Physics for Electrical Engineers
Winter 2018
Midterm, February 7 2018, (1:45 minutes) PRy
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Check to make sure your test booklet has all of its pages — both when you receive it and when you
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turn it in.

Remember — there are several questions, with varying levels of difficulty, be careful not to spend too
much time on any one question to the exclusion of all others.

Exam grading: When grading, we focusing on evaluating your level of understanding, based on what
you have written out for each problem. For that reason, you should make your work clear, and
provide any necessary explanation. In many cases, a correct numerical answer with no explanation
will not receive full credit, and a clearly explained solution with an incorrect numerical answer will
receive close to full credit. CIRCLE YOUR FINAL ANSWER.

If an answer to a question depends on a result from a previous section that you are unsure of, be sure
to write out as much of the solution as you can using symbols before plugging in any numbers, that
way at least you will still receive the majority of credit for the problem, even if your previous answer
was numerically incorrect.

Please be neat — we cannot grade what we cannot decipher.

Topic Max Points Yourﬁpoims
Problem 1 Carrier concentrations 30 }7,()‘
Problem 2 | Quantum Mechanics 30 ~/ —
Problem 3 | Bands and Fermi levels 40 y,/ 2
Total 100 —
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g0 75 £/
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1. Carrier concentrations (30 points) X// &

(@) (15 points) Consider the given plot of the equilibrium hole concentration Po versus temperature
in Si (plotted logarithmically in terms of inverse temperature 1000/T). For each region of the plot
A, B, C, sketchihic position of the Fermi level £y on the band diagram below.
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EE2H - Physics for Electrical Engineers Midterm
(b) (7 points) Estimate the value of the acceptor doping density Na.
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2. Quantum Mechanics (30 points) o,
(a) (10 points) The Pauli exclusion principle states that for particles such as electrons, only one
electrqn may occupy each quantum state. Explain how this rule is relevant to understanding why
a semiconductor exists (i.e. how a semiconductor is different than a metal or insulator).
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(b) (10 points) fJnder what condition might an electron wavepacket might have momentum and
velocity of opposite sign?
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(c) (10 points) Consider the 3D Hydrogen atom, with state energies I, = -1 3.0/n" ¢V, and compare
it to a free electron in a 1D quantum well of width L. with infinitely high barricrs. What should
the width L be so that E»- E| is equal for both the Hydrogen atom and quantum well? Give a
number.
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A Bands and Vermd levels (40 polnts)

Consider the semiconductor represented with the conduction and valence bands shown above.

@ (10 points) Does this material likely have larger electron or hole mobility? Why?
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(d) (10 points) Consider that this semiconductor is extrinsic, doped with donors such that Np=10"
em . 1 the temperature increases from 200K to 300K, will £y increase, decrease, or stay the
sate? Why? You may use any combination of text, equations, and sketches to argue your
answer. \ - "y /w y T=10K
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(c) (10 points) Now consider that this semiconductor is intrinsic, and in equilibrium at T=300 K. If
the temperature increases to 400 K, will the intrinsic Fermi | gy increas: ase,

r evel energy increase, decrease, or
stay the same? Why? You may use any combination of text, equations, and sketches to
your answer.
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(d) (10 points) Consider that the Fermi level Ef of this material is fixed at 0.1 eV above the valence

band edge. i.e. E~Ey=0.1 eV. If the temperature increases from 200 K to 300 K, what is the ratio
of the hole concentrations p(300K)/p(200K)? Give a number.
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