National Exams May 2015

98-Comp-Al, Electronics

3 hours duration

NOTES:

s

If doubt exists as to the interpretation of any question, the candidate is
urged to indicate, with the answer, a clear statement of any assumptions

made.

This is a OPEN BOOK exam.
Any non-communicating calculator is permitted.

FIVE (5) questions constitute a complete exam paper.
The first 5 questions as they appear in the answer book will be marked.

Each question is of equal value.
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Question 1 (20 marks)
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Figure 1. The diodes have a voltage drop Vp=0.7V in forward bias.
For the circuit shown in Figure 1:
a) Sketch V; and V, as a function of time, indicating peak voltages.
b) How should D be rated for power consumption?

¢) What is the peak current in R;?
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Figure 2. The diodes have a voltage drop Vp=0.7V in forward bias.

For the circuit shown in Figure 2:

d) ) Sketch the output waveform V,(t) in steady state. Label key voltages and times, and
indicate changes in operating region for the diodes.
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Question 2 (20 marks)

? Vgs=-5V

Figure 3. ko'= pnCor=1 mA/V?, W/L=10, V=1V, [VA[=100V

For the circuit shown in Figure 3:

a) For Vi=2V what is the current through Q37?

b) What is Vpg for Q17

¢) Draw a small signal equivalent model for the circuit.

d) What is the small signal AC gain of the circuit?
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Question 3 (20 marks)
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i Figure 4.

For the circuit shown in Figure 4:

a) Derive the transfer function IV/?((]] Z)))) for the circuit shown in Figure 4, assuming the
op-amp is ideal.

b) Sketch the frequency response, indicating the 3dB frequency for this circuit.

c) If Vy(t)=10sin(120xnt) V, find V,(a).

d) If V,(1)=10sin(120nt) V, find V,(1).
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Question 4(20 marks)
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Figure 5. V=0.7V (active), V=0.2V (saturation), $=100.

For the circuit shown in Figure 5:

a) If Vi=0V DC, find the DC bias point for Q1?
b) Draw the small signal equivalent circuit and evaluate the small signal AC voltage gain.

¢) Sketch I vs V. and show the operating point for the transistor.

d) How would you change the bias to obtain maximum signal swing?
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Question 5 (20 marks)
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Figure 6. Assume the gates are ideal and switch at Vpp/2.
For the circuit shown in Figure 6:
a) Explain the operation of this circuit.
b) Sketch the waveforms V(t) and Vou(t).
¢) Find an expression for V(t).

d) Find the period of the waveform if R;=10 kQ and C;=10 nF.
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Question 6 (20 marks)

Figure 7. ka'=50 pA/V, k=20 pA/V2 Viu=-V=1V, Co=1{F/pm®, Vpp=5V.

a) If the minimum gate length for this technology is 1 pm, size Qn and Qp to obtain a
symmetric transfer characteristic.

b) Estimate the maximum capacitance this circuit can drive with a propagation delay of

less than 200 ps.
? |
¢ O__I Qs

AC'_‘ {35 {yg_l

Figure 8.
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For the circuit shown in Figure 8:

¢) Determine outputs X and Y for all possible inputs A and B. ¢ is a clock signal.

d) If Q, and Q; are sized as in part a), find a minimum size for Qs and Qg that will ensure
X can be pulled down to Vpp/2 or lower.
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Question 7 (20 marks)
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Figure 9.

a) What is a common name for the ADC circuit shown in Figure 9?7 What is a principal
advantage of this circuit over other ADC implementations?

b) What are the analog voltages at each of the comparator negative inputs? If Vi;=3V
what are the logic values for V through V4?

¢) List all possible combinations of V-V, and the corresponding binary output.

d) In an integrated circuit, how could Vier be generated?
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