EE2 Midterm Exam  Spring 2014  Prof. B. Jalali
May 5, 2:00 PM - 3:50 PM

Please use kT =26 meV (T =300 K) for the following problems unless otherwise specified.

1. An electron is located in a one-dimensional potential energy well having width of 5A. Determine
(a) The kinetic energy of the electron in the ground state in units of eV.
(b) The frequency and wavelength of the spectral radiation of an electron that drops from the next

higher state to the ground state.

2. According to statistical physics, the average kinetic energy of an electron in a medium of free
electrons at thermal equilibrium is 3kT/2, where k is Boltzmann’s constant and T is in degrees Kelvin.
Use the electron rest mass in the cheat sheet, and at T = 450K:
(a) Find the RMS group velocity of the electron.
(b) Determine the RMS de Broglie wavelength for the electron.
(c) If the uncertainty in the value of momentum is 4 part per million, what is the uncertainty in

electron’s position?

(d) Find the RMS frequency of the electron, assuming that the phase velocity v, is equal to half

the group velocity v, that you found in part (b): v, = v,/2

3. A sample of intrinsic silicon is doped with 10'> atoms/cm™ of phosphorus. Assuming complete
ionization at 300 K and 600 K, calculate: (Eg=1.12 eV at 300 K and Eg = 1.032 eV at 600 K)
(a) Electron and hole concentration

(b) Fermi level with respect to the midgap energy level (Ec+Ev)/2 in electron volt

4. Consider a Si bar 200 um long and 0.01 ¢cm? in cross-sectional area doped with 10'7cm™ boron.
Given the diffusion coefficients Dy =20 cm?/s and D, = 10 cm?/s.
(a) Find the resistivity p and conductivity c;

(b) Find the resistance R along the length of the bar.

5. Ifa steady light is shone on a Si sample with boron doping concentration No = 10'3 ¢m™, given the
generation rate G = 10'® cm™/s, and the carrier lifetime 1. = 1, = 0.7 ms, calculate and draw the
position of quasi Fermi levels relative to E;, Ec, and E, at room temperature (T = 300K) in electron

volt.
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(a) The conductivity is given by O =-—=nqi, + pqu, . According to the
Yo
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Einstein relationship —— = —— = ——, the electron and hole mobilities can
H, H,

be found to be py=772 cm?/s and u,=386 cm?/s. In a n type semiconductor

with n=Np=10'"7cm™, p<<n, p» and p, are usually on the same order, therefore,
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(b) The resistance of a Si bar with L=200um =2*102 cm, A=102 cm? is given
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