ECE2H - Physics for Electrical Enginecers Midterm

UCLA Department of Electrical Engineering
ECE2H — Physics for Electrical Engineers
Winter 2020
Midterm, February 12 2020, (1:45 minutes)

Nan Student number

This is a closed book exam — you are allowed 1 page of notes (front+back).

Check to make sure your test booklet has all of its pages — both when you receive it and when you
turn it in,

Remember — there are several questions, with varying levels of difficulty, be careful not to spend to0
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 Your points
Problem 1 | Carrier concentrations 35 ' 2 f
Problem 2 | Quantum Mechanics 20 /o
Problem 3 | Bands I 15 E
Problem 4 | Bands 2 30 26
Total 100 (? 6
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£ 1. Carrier concentrations (35 points)

For this problem, consider the given plot of the equilibrium electron concentration 1o versus
temperature in a uniformly doped piece of silicon (plotted logarithmically in terms of inverse
temperature 1000/T).
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(b) (5 pomls) Is this an n-type or p-type piece of semiconductor? What is the donor or dCCCplOI‘
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- {€) 110 points) On the band diagrams below, sketch the Fermi-level Ex for each case. Pleage alsg,

add a line which indicates the cnergy level of either the donors (Ey) or acceptor states (F,

(depending on which type of semiconductor it is).

(b) ' (c)
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1S the equilibrium hole concentration po? (give a number)

e = og33p
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(e) (5 point) At 7=300 K, what is the Fermi energy Er? Express this in units of eV, relative to its

distance from either one of the band edges E. or E;_ (give
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« Quantum Mechanics (20 points)

(V(x)=0) and periodic boundary

a3 U5 Bt Corstdurs 11
() (3 points) Consider a 1D metal of length L with free-electrons
for a free electron with

conditions. What is '
nditions. What is the expectation value for momentum <p>
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(b) (5 points) Now consider an electron in a state with wavefunction ¥(x)= ‘/-E (e +e PE) |

What is the expectation value for momentum <p> ?
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; _ . e i(exi,_,z Y =it -
(<) (5 points) With an electron in the same state with wavefunction ¥,(x) = z ) i

-

We perform a measurement of momentum, list the possible momentum values that might be

measured along \mh their probability that they are measured?
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3. Bands 1 (15 points) e
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Consider the following 1D electronic band structures with filled electronic states as indicated by the
closed circles. For each case, write whether the electrical current density in the x-direction Jx is zero,

pOSlthB or ﬂe“ﬂtl\’e \/
a
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4. (30 points) Bands 2
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Consider the semiconductor represented with the conduction and valenc

(a) (5 points) Does this material likely have larger ec[ron or hole 111ty'7W i
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(b) (5 pomts) Does this material likely have a larger electron or hole effective defisity of states?
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: ilibrium at T=300 K. If
i and in equili
(€) (10 points) Now consider that this semiconductor is 1Lrinsic,

increase, decrease, or
: : nergy 1nCr
: intrinsic Fermi level ¢ cetches 1o argue
. the intrinsic ) and sketch &
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