1. (10 pts.) True/False and fill in the blank |
CIRCLE T or F indicating whether the statement is true or false

: |
a). The effective electron mass is inversely proportional to oL . @ F

kZ

b). Metals have higher conductivities than semiconductors primarily T
because they have higher mobilities.  yho€ ﬁ_& CONTEAS!

| | baﬂ(}( ﬁf Mzirls |,
d). The conductivity of both metals and intrinsic semiconductors T
decreases with increasing temperature. Ohl‘] -fﬁ by § |

¢). Metals have band gaps'irnmediately above Er. 721: S inside A T @
o,

e). What is the band gap of Ge? S | 0. é 7 eV
). The bonding in GaAs is completely covalent in nature. . T @
o). H.oles' do not-obey Fermi-Dirac statistics, but electrons do. ' ) T

h). An electron has a largér DeBroglie wavelength than a'pmton_ | @
~ traveling at the same velocity. | - -

F
1} Acoustic phonons have longer wavelengths than optical ones in a - T
@

given material. - ~ ¢ ¢ 5—,..;;% “ﬂ"" l;'ﬂ’ﬂ'\ A i ( FWW")

i). The real-space and k-space widths of a wavepacket are directly T
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2. Hall Effect (14 points)
The diagram below shows an experimental Hall effect setup. The front S1de of

the sample has a positive potential with respect to the back side of the sample.
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a) (2 pts) In which direction will holes be deflected by the magnetic field?
In which direction will electrons be deflected by the magnetic field?
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' b) (6 pts) How would the Hall voltage change (become larger, smaller, or stay the same)
for an intrinsic semiconductor if we increase the temperature of the sample?’

Give a justification for your answer. u | | N
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suddenly increased the carrier mobﬂlty n the: sample‘? Give a ]ustlﬁcatlon for -
your answer.
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3. Pﬂténtial Barrier (12 pts)

Consider an electron of mass m incident from the right on the potential step shown above
with an energy E greater than the magnitude (V) of the step. |

a) (8 pts)' Write down the solutions to the Schrédinger equation in the two regions (I1&11).
Define any variables you introduce in terms of the quantities given above. Which
coefficients can we set to zero on physical grounds? Write down the boundary
conditions that may be %phed to solve this problern (you do not need to solve).
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)‘Fi (4 pts) Describe qualitatively what would happen if an electron was incident from
the right with energy less than the barrier height (E < V).
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4. (23 pts.) Semiconductor Statlstlcs
a) (Opts.) Sketch Z(E)vs. E, F( E)vs. E, and D(E) vs E with a common E axis for an intrinsic

semiconductor at T > 0 K near the band edge. Clearly indicate the positions of the valence band

edge and the conduction band edge. (Hint: Z(E) densny of states, F(E): Fermi-Dirac function,
D(E): denstty of DCCleE:d states.) |
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b) (2 pts.) At what temperature is there a 50% probability that a state with an energy
level at the Fermi energy will be occupied by an electron? .
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c) (6pts.) At what temperature 1s there a 2 percent prol
energy 0.2 eV below the Fermi energy will be occupled by a h
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d) (6 pts) In mtrinsic semiconductors the concentration of free carriers 1s a strong

function of temperature. The intrinsic carrier concentration in Si (E, = 1.1 eV) at 300 K

(room temperature) is 2x10' cm™. Ignore the temperature dependanciies of Eg4, N¢, and

Nv. At what temperature will the concentration be two orders of magnitude lower?
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5. (21 pts.) Bonding and phonons |
Consider two 1-D monatomic chains of two dlfferent atoms A and B:

OO

- The properties of the two chains are as listed:
Chain | Atom mass | Bonding potential as a function of bond length

A ”” #) =36 24"

B - 3m
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b) (5 pts.) The bonding force at the equilibrium bond lengfh can be approximated as that |
of an 1deal spring which obeys Hooke’s law. What is the ratio of the spring constants for

| | the two chain.s &? - o d 2‘?5( Y) / -
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¢) (6 pts.) Use results from a) and b) to draw phon{}n dlspersmn curves for both A and B
in the same scale provided below. Label your curves.
C

You can assume —2 =3 and r, =2r, =2a if you could not answer pafts a) or b).
_ C.

d) (6 pts.) Label the four branches on the phonon chspersmn curve (for a semwonductor)
below. Estimate the maximum speed of sound in the semiconductor.
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