ELEC 7770-001, Spring 2007
Homework # 3 Solution
Assigned: Monday, Apr. 2, 2007
Due: Tuesday, Apr. 17, 2007
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 × 10 × 0.725 = 5.0ps

 xB = 0.69 [R1 C1 + (R1 + R2) C2] = 0.69 × 20 × 0.725 = 10.0ps
Problem 2: Given that the setup time is 3ps and hold time is 5ps for each flip-flop, design the two-bit shift register satisfying the short-path and long path constraints. Find a lower bound on the clock period for your design.
Answer: Since there is no combinational logic between the flip-flops, we insert a delay d to satisfy any possible short-path constraint violation. Then:

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

 5.0 + d ≥ 10.0 + 5.0, i.e., a buffer is inserted between the flip-flops and the delay (d) of the buffer should be at least 10.0ps.
Assuming a clock period Tck, we write the long path constraint as:

Long-path constraint:  xA + d ≤ xB + Tck – Tsetup

 5.0 + 10.0 ≤ 10.0 + Tck – 3.0, i.e., Tck ≥ 8.0ps

Problem 3: How will you reroute the clock signal to improve the design? Note that a design that is better than the zero-skew design is possible.
Answer: The delay buffer can be eliminated by interchanging the placement of the two flip-flops or, alternatively, routing the clock first to B and then to A. In either case, clock skews are interchanged. Thus, xA = 10ps and xB = 5ps. The short-path constraint is satisfied with d = 0. The long-path constraint is then as follows:
Long-path constraint:  xA + d ≤ xB + Tck – Tsetup

 10.0 + 0.0 ≤ 5.0 + Tck – 3.0, i.e., Tck ≥ 8.0ps

This design has the same speed (clock period) as the one in Problem 2, which also had an extra buffer. Its comparison with zero-skew design is given below.
Zero-skew design: The short-path constraint requires that,
5.0 + d ≥ 10.0 + 5.0, .i.e., a delay buffer of at least 10.0ps delay should be inserted. Then the long-path constraint will require that,

5.0 + 10.0 ≤ 10.0 + Tck – 3.0, i.e., Tck ≥ 8.0ps

This design has the same speed as previous design but it needs a delay buffer that is not needed in the previous design.
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