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ECE 3355 — Final Exam
December 4, 2019

Keep this exam closed and face up until
you are told to begin.

1. This exam is closed book, closed notes. You may use two 8.5" x 11" crib sheets, or
their equivalent.

2. Show all work on these pages. Show all work necessary to complete the problem. A
solution without the appropriate work shown will receive no credit. A solution which is
not-given in a reasonable order will lose credit.

3. Show all units in solutions, intermediate results, and figures.

4. If the grader has difficulty following your work because it is messy or disorganized,
you will lose credit.

5. Do not use red ink. Do not use red pencil.

6. You will have 160 minutes to work on this exam
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1. (40 points) The op amps in the circuit below may be considered ideal. Do the following.

a. Find the transfer function T{®) = V, /V;. Your expression should be in terms of the
' resistor and capacitor variables labeled on the diagram, that is, do not substitute numbers

for those variables.

b. Choose values for the resistors and capacitors so that the transfer function has the
breakpoints indicated in the Bode plot below. The magnitudes A and B indicated on the
plot will depend on your choices for assigning the breakpoints. For your choices,

calculate these magnitudes in dB.
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Room for extra work
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2. (40 points) For the transfer function given below, plot the phase Bode plot on the paper given
on the next page. Your plot should include units and labels on both axes.

(14 jw/20,000)(1 + jow/200)
(jow/200)(1 + jw/5,000)
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3. (40 points) In the circuit below, the diodes D1 — D4 have a forward bias threshold voltage Vr=
1.0V, rg =100 Q, and Is = 0. The Zener diodes Z1 and Z2 have forward bias threshold voltages
Viz=1V,1a=0, Is =0, and Zener breakdown voltages of 6.8 V.

Carefully sketch the transfer characteristics vo vs. v, clearly showing transition points and
slopes. Consider both positive and negative values for vy, Be sure your axes are clearly labeled
and that the graph is easy to read,
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4. (40 points) The BJTs in the circuit below are biased in the linear region. For both BITs, [ =
100 and Vegsar = 0.3 V. Find the indicated voltages Vi — Vs.
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5. (40 points) For the common base amplifier shown below, do the following.

a. Draw the small signal model using any of the models we discussed in class. For this part,
include all three capacitors.

b. Find the gain vo/vs in the passband. Assume that in the passband, C2 is a short.

c. Find the input resistance R; in the passband. Assume that in the passband, C2 is a short.
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6. EXTRA CREDIT (40 points) Use the function generator design we discussed in class to
design a square- and triangle-wave generator. The square-wave generator should be the modified
Schmitt trigger shown in the figure below. The triangle wave should be an integrator built from
an op amp (not shown).

Your function generator should have the following characteristics:

e Amplitudes of square and triangle waves of approximately (within 10%) 10 V
¢ Frequency adjustable between 100 Hz and 10 kHz

Assume that you have any number of the following ideal circuit elements available.

Capacitors and resistors of any value

Potentiometers with values variable from 0 to 100 kQ

Op amps with power supplies +/- 15 V

Diodes with forward voltage drop of 0.7 V,r¢ =0, Is =

Zener diodes with forward voltage drop of 0.7 V, ra = 0 Is = 0; and reverse breakdown
voltages of either 49V, 56V, 68 V,0r 89V N
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