Solid State Physics Homework 8: Assigned Wed 21 Mar 2012; Due Fri, 30 Mar 2012
Dr. Colton, Winter 2012
1. Germanium. From the band structure of germanium given in Fig 8.14, determine (a) the energy for the onset of direct transitions, (b) the energy for the onset of indirect transitions, and (c) the wavevector of the phonons involved in the lowest energy indirect transition. Note: this is not supposed to be difficult; you are just reading some values off of the figure.
2. Kittel 8.1. Impurity orbits. Informational note: the “hopping mechanism” discussed after part (c) is a real effect that becomes important around the donor concentration found in part (c), and higher. Above that approximate concentration, the semiconductor starts to exhibit metallic behavior. The transition from metallic behavior to more normal semiconducting behavior is called the “Mott metal-to-insulator transition”, named after Sir Nevill Mott, http://en.wikipedia.org/wiki/Nevill_Mott, who first studied this type of thing. See also http://en.wikipedia.org/wiki/Mott_transition.

3. Some numbers for GaAs. We derived equations for the intrinsic electron (and hole) concentration, and for the chemical potential, that depend on the electron and hole effective masses. Those are Eqns 8.46 and 8.47 in Kittel. However, because there are three different hole bands in GaAs (hh, lh, so) and other similar materials, there isn’t just one mh* value, there are three such values! They are given in Table 8.2.* These values must be averaged in some way in order to obtain a single hole mass for use in those equations. 
(a) I found one website that said you should calculate the geometric mean of the three masses. What effective hole mass do you obtain if you do that? What intrinsic concentrations and chemical potential do you obtain from that number? Use T = 300 K.

(b) I found three other websites that gave specific numbers for GaAs. The three numbers were not the same, but they averaged to 0.43m (where m is the mass of a free electron). That’s a somewhat higher value than the geometric mean calculation would predict (and I suspect it is more accurate). What intrinsic concentrations and chemical potential do you obtain from that number? Use T = 300 K.
4. Mobility. Show that electron mobility, as we defined it in class, is also equal to the inverse ratio of applied electric field to the drift velocity produced by that field. (That’s actually probably the more common definition of mobility.) So, in materials with higher mobilities, a given electric field will produce faster drift velocities. 

5. Kittel 8.2. Ionization of donors. 

6. Plot from Sze. Use the low temperature region in the bottom-right hand plot of the “Sze handout” to estimate the value Sze used for the binding energy of donors in silicon.

7. Temperature regimes. In class I derived this equation: 
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, then said at normal temperatures the second term typically dominates the first term. (a) What is the ratio of the two terms at 300 K? (b) At what temperature are the two terms equal? Use the parameters for GaAs doped at Nd = 1015 cm-3 for your calculation. (Use the hole mass from problem 3b above. Calculate the donor binding energy from Eqn 8.51.) 






* It’s actually even worse than that… the values given in the table are already an approximation that E ~ k2, which are called “spherical bands” (because constant energy surfaces are spheres when plotted vs. kx, ky, and kz). In actuality, the top of the valence band is not really spherical. That is discussed on page 202, which I skipped.
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