EE 115A, Spring 2017, Midterm Exam — May 2, 2017
Instructions: This exam booklet consists of five problems, blank sheets
for the solutions and additional blank sheets. Please follow these

instructions while answering your exam:

1. You have 1 hour and 45 minutes to finish your exam.

2. Write your solutions in the provided blank space after each problem.

3. The sheets marked “Scratch Paper” at the end of the blanket will
NOT be graded. These sheets are provided for your rough calculations
only.

4. Write your solutions clearly. Illegible solutions will NOT be graded.
5. Be brief.

7. Write your name and student identification number below.
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Problem 1: For each of the following statements indicate whether it is true or false.

Circle the appropriate response.

(a) An NPN BJT transistor is in the active region whenever its collector voltage is higher
than its base voltage. True §T )

(b) A resistor in parallel with a forward biased diode will not conduct any current.
Assume that the diode is infinitely strong i.e. when it is forward biased, it carries
infinite amount of current. True (False )/ f——
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Problem 2: Consider the circuit shown in Figure 1.
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Determine the smallest ratio R»/R, that still keeps the transistor Q; in the active region.
Assume Vee = 2.5V and that both transistors need 0.8V forward bias on their base
emitter junction to operate properly. Ignore Iy to simplify your calculations.

(10 points)
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Problem 3: Consider the level shifter circuit shown in Figure 2 below. It was designed to
generate Vg4 = 1.2V across a load resistor, R;, = 1.2 kOhm by shifting down a constant
2V input by one forward diode drop, Vpon = 0.8V. Assume T = 300K.
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(a) Calculate the level shifter output, vo(t), if vin(t) = 10sin(10t) mV. Assume I¢c = 9mA.
(b) What should be the minimum value of Ic such that Vo(t)/Vin(t) = 0.95?
(10 + 15 = 25 points)
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Problem 4: Consider the circuit shown in Figure 3. Assume that the diodes are identical
with Vpon = 0.8V, that Vap(t) = SCos(2nx106t) for all t > 0, and that all capacitors have

zero initial charge.
LA
O Voo TS |

S ]
)

Figure 3

(a) What do you think is the purpose of this circuit? Limit your answer to one sentence.

(b) Sketch the output voltage waveform, Vi(), for the first two cycles of Vay(t) after t =
0. Assume that C;=C,=C and that the time constant R;C is much greater than the
period of Vap(t).

(c) What is the minimum diode breakdown voltage magnitude to ensure proper
operation?

(d) Calculate the ripple in Vi (t) in the steady state, given that C,=C,=100nF and Ry =
100kOhms.

(e) (Bonus question: 10.points) Due to inevitable errors in the printed circuit board
assembly process, C, ended up being only half of Cl i.e. Ci = 100nF, but C; = 50nF.
Calculate the new steady state peak-to-peak value of VL(1).

Note: The bonus question will be graded only if you have made non-trivial attempts

at all other parts of the Problem #4.
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Problem 5: Consider the diode-capacitor circuit shown in Figure 4. What is the steady
state voltage, Vc(t), on the capacitor if the following input
is applied to it, assuming Vpon = 0:

v, (t) = (1+m(r))sin(1000t),

Vel(t)

where m(t) is a zero mean, square wave of amplitude 0.2, Vialt)
and a period of 1 second?
(15 points)
Figure 4
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