
Department of Electrical Engineering
JEE3360 (ESE336) SUMMER 2011
Homework #3 Assignment
Due: June, 6, 2011 at 4:00pm

1. (20 points)    The ionic radii of Na+ (atomic weight 23) and Cl- (atomic weight 35.5) are 1.0 and 1.8 Å, respectively. Treating the ions as hard spheres, calculate the density of NaCl. Compare this with the measured density of 2.17 g/cm3.

2. (20 points) The electron bound to a donor is described as being in a hydrogen-like orbit. Calculate the radius of the ground-state orbit for this electron in Ge and compare with the Ge unit cell dimension (mn*=0.12mo).

3. (20 points) Show that the probability a state E above the Fermi level EF is filled equals the probability a state E below EF is empty.

4. (20 points) From equations ni = Nce-(Ec-Ei)/kT, pi = Nve-(Ei-Ev)/kT , and ni = (NcNv)1/2e-Eg/2kT show that Ei lies below the middle of the band gap by kT ln(mn*/mp*)3/4. Show that this displacement is small (e.g., compared to kT) for Si but significant for GaAs.

5. (20 points) Given that mn* =  0.067mo and mp*= 0.48mo for GaAs, calculate the effective densities of states Nc and Nv for GaAs at 300K (assume that mn* and mp*do not vary with temperature). Calculate the intrinsic carrier concentration and compare it with value given in the figure below.
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Figure 3-17

Intrinsic carrier
concentration for
Ge, Si, and GaAs as
a function of
inverse
temperature. The
room temperature
values are marked
for reference.




