VLSI System Design (ESE 355)

Spring 2002; Alex Doboli

Final Exam

May 15, 2002; 8-10.30am, Harriman 116

1) A one-input, one-output sequential machine receives a binary sequence and produces another binary sequence such that the output is 1 whenever a leading subsequence of odd 0’s and odd 1’s is recognized in the input sequence. For example, the input sequence

01101010010001111110000100 … causes the output sequence

01000100010100000001010000 …

 Design a dynamic CMOS circuit to implement the sequential machine. Clearly show the transistor level schematics of all gates in your design and clearly mark the inputs and outputs of various transistors with appropriate signal names. Clearly explain how the clocking scheme makes the circuit work correctly (35 points).

2) Consider the following circuit realized in dynamic logic. Write down the Boolean expression for outputs F and G. On which clock phases are outputs F and G valid? (25 points)

3) Assume that a stuck-at-1 fault occurs at the output of the circuit for A (B + Ci). Determine a test pattern that will propagate this fault to the output. Do the same for a stuck-at-0 fault at that node. (20 points)
4) For the following circuit assume a unit delay through the Register and Logic blocks (tR = tL = 1). Assume that the registers, which are positive edge-triggered, have a set-up time tS of 1. The delay through the multiplexer tM equals 2 tR.

a) Determine the minimum clock period. Disregard clock skew. (5 points)
b) Repeat part a, factoring in a non-zero clock skew  = t’ – t = 1. (5 points)

c) Repeat part a, factoring in a non-zero clock skew  = t’ – t = 4. (5 points)
d) Derive the maximum positive clock skew that can be tolerated before the circuit fails. (5 points)
e) Derive the maximum negative clock skew that can be tolerated before the circuit fails. (5 points) 
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