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Problem 1: Miller indices and diamond lattice crystal structure
The performance of a MOSFET depends upon the crystalline orientation of the channel surface as well as the current-flow direction.  For a p-channel MOSFET, in which current is carried by holes, a channel surface with higher atomic density is advantageous for higher performance.

a) Given that the lattice constant of Si is 5.43Å, calculate the areal density of atoms (number/cm2) on each of the following planes: (100), (110), and (111).  Based on your answers, which plane would you expect to be best for p-channel MOSFET performance?
b) Consider the arrangement of covalent bonds within the unit cell of Si.  Which crystallographic direction would you expect to be the best for hole conduction?  Explain briefly.
Problem 2: Intrinsic semiconductor

Refer to the plot of intrinsic carrier concentration (ni) vs. absolute temperature (T) in the Lecture 1 notes: 

a) Explain qualitatively the differences in intrinsic carrier concentrations for Ge, Si and GaAs.  (Why is ni highest for Ge?  Why is it lowest for GaAs?)
b) Explain qualitatively why ni increases with increasing temperature.
c) Integrated-circuit devices rely on extrinsic semiconductor properties (i.e. local control of carrier concentrations by doping or by applying an electric field).  Which of the semiconductors (Ge, Si and GaAs) would you expect to be best for high-temperature device operation, and why?
Problem 3: Doping

Consider the two-dimensional representation of the semiconductor GaAs shown below:
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If Si atoms are inserted as dopants and exclusively replace Ga atoms in the lattice, will the Si-doped GaAs material be n-type or p-type?  What if the Si atoms exclusively replace As atoms?  Explain.  
Problem 4: Carrier Concentrations
Consider a Si sample under equilibrium conditions, doped with Boron to a concentration 1017 cm-3. 

a) At T = 300K, is this material n-type or p-type?  What are the majority and minority carrier concentrations?  

b) As the temperature of this sample is increased, ni will eventually increase to be higher than the dopant concentration, and the sample will become intrinsic (n ( p ( ni).  Estimate the temperature at which this occurs, by finding the temperature at which ni be much greater (at least 10( higher) than the dopant concentration.  (You can simply use the plot of ni vs. T in the Lecture 1 notes.)

