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1. Gold, one of the best conductors, has a face-centered cubic lattice. The lattice constant is 4.08Å. The force holding the lattice together is the metallic bonding, i.e. an interaction between positive ion cores and surrounding free electrons in the so-called electron sea. Assume that each gold atom contributes one electron to the electron sea. Determine the free electron density in gold, and compare that to the electron density of intrinsic silicon, which is 1.5x1010/cm3.  

2. 
Based on Fig. 3.3, explain how the bandgap energy of a diamond crystal will change (increase or decrease or remain the same) when the crystal temperature is heated up from room temperature.

3.   For a non stoichiometric GaAs semiconductor for which the crystal structure remains zinc-blende-type, but its compositional ratio of As/Ga is slightly larger than 1, e.g. 1.004. Assume that the excess As atoms substitute for Ga, and the crystal contains no other impurities. Is this nonstoichiometric GaAs n-type or p-type? Why?

4.   a) It was mentioned in Section 3.2 that the covalent bonding model gives false impression of the localization of carriers. As an illustration, calculate the radius of the electron orbit around the donor in Fig. 3-12c, assuming a ground state hydrogen-like orbit in Gas. Compare it with the GaAs lattice constant. Use mn* = 0.067 mo for GaAs. (Hint: see example 3.3. in Streetman).

b) Estimate the donor binding energy for GaAs. Compare your results to the donor levels of simple donors such as P, As and Sb as shown in Fig. 4-9 (page 119 for 5th edition and 129 for the sixth edition). 

