ELEC 7770-001, Spring 2008
Homework # 3 Solution
Assigned: Tuesday, Mar. 11, 2008
Due: Tuesday, Mar. 25, 2008
Problem 1: A clock signal is routed to two edge-triggered flip-flops A and B that form a two-bit shift register. The following circuit is extracted from the layout. Find clock skews for the two flip-flops.
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Answer: Using the Elmore delay formula, clock skews xA and xB for the two flip-flops are found as follows:
 xA = 0.69 (R1 C1 + R1 C2) = 0.69 × 6 × 0.725 = 3.0ps

 xB = 0.69 [R1 C1 + (R1 + R2) C2] = 0.69 × 14 × 0.725 = 7.0ps
Problem 2: Setup time is 5ps and hold time is 3ps for each flip-flop. Assume that the clock to Q delay is the same as the hold time. To satisfy the short-path constraint, a delay buffer is inserted between the flip-flops. Find the lower bound on the clock period for the shift register.
Answer: The delay d of the buffer is determined from the short-path constraint. Thus,
Short-path constraint:  xA + d ≥ xB + Thold

Or, 3.0 + d ≥ 7.0 + 3.0, i.e., the buffer delay should be at least 7.0ps. We take d = 7.0ps.
Assuming a clock period Tck, we write,
Long-path constraint:  xA + d ≤ xB + Tck – Tsetup

 3.0 + 7.0 ≤ 7.0 + Tck – 5.0, i.e., Tck ≥ 8.0ps

Problem 3: Suppose we reroute the clock signal in an attempt to eliminate the buffer such that FF A is supplied the clock with larger skew and FF B the clock with smaller skew. Can the shift register work without the delay buffer? What is the clock period for the buffer-less design? Compare this design with the zero-skew design in which xA = xB.
Answer: Given that clock skews are interchanged. Thus, xA = 7ps and xB = 3ps. Now,

Short-path constraint:  xA + d ≥ xB + Thold

Or, 7.0 + d ≥ 3.0 + 3.0, is satisfied with d = 0. The long-path constraint is then:
Long-path constraint:  xA + d ≤ xB + Tck – Tsetup

 7.0 + 0.0 ≤ 3.0 + Tck – 5.0, i.e., Tck ≥ 9.0ps

This design is slower than the one in Problem 2. Its comparison with zero-skew design is given below.
Zero-skew design: We assume, xA = xB = 0. The short-path constraint requires that,
0.0 + d ≥ 0.0 + 3.0, .i.e., a buffer of at least 3.0ps delay should be inserted between flip-flops. Suppose d = 3.0ps. Then the long-path constraint will require that,

0.0 + 3.0 ≤ 0.0 + Tck – 5.0, i.e., Tck ≥ 8.0ps

This design is faster but needs a delay buffer that is not needed in the previous design.
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