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Fundamentals of Digital Logic Design

ECE 3700

Practise Questions for the Mid-term 2

Spring 2015

Here are some questions that will help you practise for the mid term. Remember, the test is closed book,

closed notes, open minds. Good luck.

Exam Syllabus: i) Full Chapter 4, ii) Full Chapter 5, iii) Addition and subtraction (2’s complement) from Ch 3; iv)

Cannot ignore Boolean logic either.

1. (4 points) [Design of two’s complement comparators] Consider two 4-bit numbers A = {a3, a2, a1, a0} and B =

{b3, b2, b1, b0}, given in two’s complement form. You are asked to design a circuit that takes these two numbers and

produces an output s, such that s = 1 if and only if A > B. Otherwise s = 0 when A ≤ B. For example:

• If A = −2 and B = −3, A > B.

• If A = −2 and B = 0, A < B.

• If A = 5 and B = −1, A > B.

• If A = 5 and B = 7, A < B.

Clearly, a truth table-based approach (28 minterms) is out of the question. Design the above circuit assuming that

you have access to pre-designed 4-bit unsigned adders, MUXes, Decoders, AND/OR/NOT/XOR/XNOR gates but

unfortunately, you don’t have access to any magnitude comparators.

2. (2 points) Design a circuit that takes as input four n-bit vectors, A[n−1 : 0], B[n−1 : 0], C[n−1 : 0],D[n−1 : 0]

given as unsigned integers. The circuit selects the minimum, or the smallest amongst them, and outputs the vector.

Design the circuit efficiently, using a minimum number of unsigned comparators and MUXes – which are given to

you as pre-designed block-boxes.

3. (2 points) Design a modulo-6 synchronous down counter using TFFs. Assume that each TFF has a T, Clk and Reset

input and Q output. You can use any logic gates that you need. (Note: Modulo 6 counter counts from 0 to 5 and goes

back to 0 and repeats).

4. (3 points) Read Section 5.15 in the textbook. Then solve problem 5.21, pp. 324, in the textbook.
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5. (4 points) Read Section 5.15.1, then answer this question. Consider the circuit shown in Fig. 1, where D-flip-

flop FF1 drives some combinational logic which, in turn, drives D-flip-flop FF2. All flip-flops are synchronized by

the same clock. Both flip-flops have a setup time of 0.6ns, hold time of 0.4ns and the propagation delay of 1ns.

The Combinational Logic has a longest delay of (tL) 2ns; and the shortest path delay in the Combinational Logic is

tl = 1ns.

• Assume no clock skew in the clock routing. What is the maximum clock frequency (or minimum delay) at which

this circuit can be clocked for correct operation? You can assume that there are no wire-delays. Are there any hold

time violations?

• Now assume a clock skew tskew = ∆2 − ∆1 = 1ns. What is the maximum frequency, and what happens to the

hold time?

• Now assume a clock skew of tskew = ∆2 − ∆1 = −1ns, i.e. signal is delayed at the first DFF. How does that

affect maximum frequency (setup time constraints) and hold time constraints.

• Find the value of tskew = ∆2 −∆1 for which a hold time violation will occur at DFF2.
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Fig. 1. Maximum speed at which this circuit can operate?


