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1. Hall Effect (10 points)

You make a Hall effect measurement of a GaAs sample (10 x 5 x 0.5 mm”®) with

magnetic field at right angles to the bias voltage and the measured Hall voltage, as shown
below:
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/Q+ Hall voltage
X

constant current source

When you apply a magnetic field B=5.0 T in the y-direction (1 Tesla = 1Vs/m®) and a

current I=100mA in the x-direction, you measure the Hall voltage in the z-direction to be
10mV with the back surface being positive.

a) Determine the free carrier type and concentration. ;
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b) You now usea voltmeter (not shown) to measure a voltage of 2.0V across the sample
in the x direction. Determine the resistivity and mobility of the GaAs sample. : Srdel Fom,
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2. Schriodinger Equation — Bound States (10 points)
The emission in a “Quantum Cascade Laser" is due to electronic transitions from the n=2

state to the ground state in a quantum well composed of a GaAs layer of thickness L
sandwiched between two layers of AlGaAs, as shown below:

x=10 X=

Assume that the potential is zero in the GaAs layer (V = 0 for O<x<L) and is infinite in
the neighboring AlGaAs layers (V=00 forx<0and x=L).

This particular laser emits photons of A = 248 nm. Calculate the thickness of the GaAs
layer. (Use the electron effective mass m; = 0.066m, for GaAs.)
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3. Heisenberg Uncertainty Principle (10 points)

The dimensions of active regions in transistors used in our computer miCroprocessors
have been shrinking rapidly over the past few decades. However, it has been suggested
that there are fundamental limits to this scaling process. From statistical thermodynamics,
it is known that the minimum energy required to switch states in any two-state system is:

E

= kT xIn(2)

Based on this switching energy, what is the smallest spatial dimension (Ax) such a two-
state system can occupy? (Consider room temperature operation and use the free electron

mass)
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4. Short Answer (10 points)
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e Describe bonding in graphite: S\ ks
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e True or False: Optical phonons can exist in silicon _/ ¢ A€ SN

e The potential between two bonded atoms can in general be expressed as

(r) = —’;1— - En . Which is a larger positive integer, m or n? o

: Cl
e What is the probability to find an electron at the Fermi energy? ' =

e True or False: The resistivity in metals increases with increasing temperature
Ucul




