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MSE111, Midterm Exam, Spring 2017 8Prol: J..Wu
Closed book, equations are provided

Your name: Your Score:

I. Structure and mechanics of crystalline solids (20 points)

a. The following is the unit cell of GaAs (zincblende structure). On average how many Ga atoms
are there and how many As atoms are there per unit cell? What is the coordination number for
Ga and As, each? The following also shows the atomic arrangement of a (100) plane on the
surface of the shown unit cell. Please draw a similar image of atomic arrangements on a (111)
plane of this unit cell, and label which atoms are Ga and which are As, and label the side lengths
of this (111) plane, using a.
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MSE111, Midterm Exam, Spring 2017, Prof. J. Wu
Closed book, equations are provided

b. The following is the force F between two atoms in a solid. Please draw schematically, in the
S{lm_eﬁgu_m, the corresponding potential energy E between them as a function of their
distance r. Please describe briefly how you ended up with the E vs. r plot based on the force
plot given. Label equilibrium distance ry and bond energy Eq on your plot (pay attention that
your E and F should align well along the r axis). Based on these plots, explain in a few lines
the fact that solids typically have thermal expansion (i.e., increasing temperature causes

overall lattice expansion).

* Force F 7 O(L

AL ‘“‘”V@

Al (M o ;

distance
“ L()‘AV‘/ /J:/:H

attraction repulsion

‘\g\\
M

B

Dacv%&e tct Fm e o el 15 o U

Fo A
(};l/ st f/\;x o}“ "l;i\Q LXam @

(gr.)m i k) «(So e?(‘ﬂm % '4)0""5)

E s . :
s. v ZAme AN pametr1c . Aver<se Chs—(‘cmce b

e ) 2.7 2 4
"(7«/ end (?I,c{g (J-Dv- Same € T~ ehresses (,.,/ ~lse wn

= @ (45 bus 3 for eqplanla., conect) »




MSE111, Midterm Exam, Spring 2017, Prof. J. Wu
Closed book, equations are provided

2. Electrical transport (20 points)
a. Explain in a few lines the principle of Hall effect. A schematic is shown below. Add more

schematics to help your explanation if necessary. What physical quantities can be measured
using this method?
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b. Below are two possible conduction mechanisms gor a thin insulator. Explain in a few

sentences each of these two mechanisms; explain how to design experiments to differentiate

fesgr oo One should at least mention sign of carriers
(+1), and any other quantities

VACUUM b (mobility, carrier concentration...... , +1)

a. Thermionic (Schottky) emission (thick barrier)
b. Quantum tunneling (thin barrier)



One should at least mention sign of carriers (+1), and any other quantities
(mobility, carrier concentration……, +1)
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3. Thermal transport (10 points) ’(.;"{‘*l "{‘éo

The thermal conductivity of a crystalline material has two components contribution from lattice,
kiatices and contribution from electrons Kejectronic. Here Aawice is low at low temperatures, and
low at high temperatures, while peaks at some intermediate temperature (tens of K). Explain
in details what physics causes the low kjuice at very low temperatures, and what process
causes the low Kiaqice at very high temperatures. (Hint, remember the phonon scattering

=C, -v-//3, where C, = specific heat, v = sound velocity, and / = phonon

process, and k

lattice

mean free path).
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4. Quantum physics (30 points)

a. Using Heisenberg’s uncertainty principle, estimate (i.e., find an approximate expression
without solving the Schordinger equation) the ground state energy of an electron contined in
an infinitely deep, I D square well with well width L. Show details.
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b. On the left hand side the wavefunctlon of a tunneling electron is schematically shown If the
barrier becomes a well with a depth V (note that here Vj itself is a positive number), then the
situation is different. Please draw similarly the electron wavefunction in the three regions for this
case. Please pay attention to wavefunctions connections, their relative amplitude, and their
relative period (or wavelength). Clearly indicate how the amplitude and the wavelength differ in
all three regions, or whether it should not be different. (Here, consider the case where tunneling
probability (T) or the probability of transmission is less than one. Resonant tunneling (T=1) will
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If the drawing is right, +2, and if one addressed any 'other followinL condition, +2/each
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If the drawing is right, +2, and if one addressed any other following condition, +2/each


& way of solving it, but the grading would only follow one which gives you more points (than
the other)
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¢. The tunnelip

derive the & probability T for the left-hand-side case is given in the equation sheet. Please

eectmn Wnew expre§sion of T for the right-hand-side case, and prove that when nA=2a (A is
What are tﬁVelength in the well region, n=1, 2, 3,...), T becomes 100% (resonant tunneling).
€ values of E for these resonant tunneling events? (Please make sure your T

€Xpressi i e
ap On contains only real parameters, no imaginary parameters, and clearly define your
Parameters in the expression!)
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2 way of solving it, but the grading would only follow one which gives you more points (than 
the other)
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¢. The tunnelj -
derive thgnni\arzsablm'y T for the left-hand-side case is given in the equation sheet. Please
Sioctron WaVelen‘ F:;gssnon of T for t'he right-hand-side case, and prove that when nA=2a (A is
What are the vl gth in the well region, n=1, 2, 3,...), T becomes 100% (resonant tunneling).
values of E for these resonant tunneling events? (Please make sure your i

expression contai imagi
iy contains only real parameters, no imaginary parameters, and clearly define your
eters in the expression!)
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