ChE 393/469A
 
Hour Examination 1

Closed book and notes, one crib sheet.

(30 pts)
1. 
Qualitative questions:



(4 pts)
a.
Write the basic equation that describes current density j in a semiconductor.  Be sure to briefly define the three quantities you will need.



(4 pts)
b.
Sketch what a deposited layer might look like when it is deposited into a trench by off-normal evaporation with no rotation or surface diffusion.  Sketch the corresponding ideal profile.



(3 pts)
c.
Sketch a plot of the total carrier concentration when a semiconductor changes from very p-type to very n-type.



(3 pts)
d.
Sketch on the same plot the Fermi distribution f(E) at 0 K, 300 K, and (theoretically) at 8,000 K.



(4 pts)
e.
On an energy level diagram make a sketch of the conduction band, valence band, bandgap energy, and Fermi level for a p-type semiconductor.



(2 pts)
f.
List one advantage and one disadvantage of e-beam lithography over optical lithography.





(2 pts)
g.
List two possible generic sources of unfaithful reproduction in lithography.



(3 pts)
h.
What wet etchant is used most commonly to attack Si?

(6 pts)
i.
Define, with sketches if helpful, the accumulation, depletion, and inversion conditions in a metal-oxide-semiconductor structure.

(25 pts)
2.
An unwanted diffusion process is described by the relation x2 = 6Dt, where D = (1(10-9 cm2/s)exp((1.0 eV/kT), whereas a desired silicidation process is described by the time to completion of a desired silicidation process is described by d = (1(101 cm/s)exp((2.0eV/kBT)t, where d is the thickness of the thin film to be silicided in cm.

a. (10 pts) Show a locus of conditions on a sketch of processing time vs. RTP soak temperature where this process can be accomplished, assuming x must be kept below 0.5 (m.  Use 

= 8.62 x 10–5eV/K.

b. (10 pts) What is the minimum temperature that can be used to accomplish the desired process if we must fully silicide a film that is (m thick?

c. (5 pts)   How long will the process then take?

(35 pts)
3.
Sketch an electronic band diagram for a pn junction in the following cases:

a. (10 pts) Thermal equilibrium.

b. (10 pts) Reverse bias.  Show the polarity of the applied voltages and the direction the electrons flow.

c. (10 pts) Forward bias. Show the polarity of the applied voltages and the direction the electrons flow.

d. (5 pts) Sketch the current-voltage (I-V) relation for the junction.

(30 pt Grad)
4. 
This problem is for students taking ChBE 469A only.  Do not answer if you are taking ChBE 393.




Summarize in about two paragraphs the primary methods used today for endpoint detection in plasma processing of trenches, where the desired stopping point of the etch can be anticipated.  Give the principles of operation of the method(s), using sketches if you think they will be helpful, and give the strengths and weaknesses.  




The solution will be graded on accuracy and also on clarity and consiseness.  Thus, the score will not be proportional to the length of the solution.
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