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Name: _________________________




Midterm Exam

Solid State Electronic and Optoelectronic Devices
95.577
Instructor: Prof. Wasserman

10/22/08

1-2:20 p.m.

Name: __________________________

ID: _______________________

The exam is 80 minutes long and consists of 5 problems (105 points). The point values for each problem are given in parentheses before the problem.  You are allowed 1 index card sized “cheat-sheet” with physical constants and formulas.  No solved problems may be on your cheat sheet.  A calculator will be required for this exam.

Please write your answers clearly in the space provided and SHOW YOUR WORK!!  Partial credit will be awarded (assuming your work is legible).

Please put your last name on each page of the exam.

1) (25pts) Imagine a 2D electron gas (like the problem you solved for homework) in a GaAs quantum well with a width of 10nm .  The 2D density of states, including spin, is given by 
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a) If the Fermi Level for this system sits 0.1eV below the conduction band edge, how many electrons are in the 1st and 2nd quantized states at liquid Nitrogen temperature (77K) (10pts)
b) How many are in the same energy levels at room temperature? (10pts)

c) What would the width of the well have to be in order for 99% of the electrons to be in the 1st quantum state? Assume all electrons are in the first two states and T=300K. (5pts)

2. (15 pts) A bcc crystal has a simple cubic unit cell lattice constant of a=0.5nm.

a) Give a set of primitive lattice vectors for this crystal and write out the combination of these lattice vectors required to reach the body-centered lattice point at 
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. (7pts)

b) Give the miller indices for a plane which intersects the z-axis at z=2a and the (a/2,a/2,a/2) and (3a/2,a/2,a/2) body-centered lattice points (4pts)

c) Describe the lattice as a simple cubic with a basis. (4pts)

3. (25 pts)  The potential profile of a quantum structure is given below, where a=1nm, and Vo=1eV:
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a) Write out the time independent Schrodinger Equation for such a potential (4pts).
b) Assume the energy of an electron in such a potential is less than Vo.  Write the general form of the eigenfunctions in the three regions defined by such a potential. (4pts)

c) What are the boundary conditions for this system? (4pts)

d) Using your answer from part b), write out an expression for the solutions to this system and plot the resulting two sides of the equation (6pts)
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e) How many bound states can this quantum structure hold, not including spin? (7pts)

4. (20pts) An undoped semiconductor has an Energy Band Gap of 1.2eV between the conduction and valence bands.   The intrinsic energy level sits 0.5eV above the top of the Valence Band.  The material is at room Temperature (T=300K).
a) What is the ratio of the electron to hole effective masses? (10pts)

b) If the electron effective mass is given by mn*=0.8, what is the intrinsic carrier concentration of this semiconductor? (5pts)

c) If I dope the semiconductor with Acceptors, such that NA=5E17cm-3, and assuming a 75% ionization of the Acceptors, what are the electron and hole densities in the sample? (5pts)

5. (20pts) Imagine a GaAs “quantum wire” consisting, where Lz>>Lx=Ly (Lx=1nm, Ly=2nm).  Electron energies are quantized in the x and z directions, but the length of the material in z is long enough that the electrons are practically free. 
a) Write an expression for the energy of an electron in this material in terms of  nx, ny, and kz.  (5pts)
b) Calculate the density of states for electrons in such a 1D system. (10pts)

c) Plot the density of states (5pts)
Left blank for notes.

Left blank for notes. 
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