
ELEC 7770 Advanced VLSI Design

Final Exam, May 4, 2016




          Total 35 points
Broun 306, 4:00PM—6:30PM
Assigned: Friday, Apr 29, 2016, due Wednesday, May 4, 2016, 6:30PM
Instructions: Read all questions before writing your answers and attempt all six (6) questions. Be sure to revise your answers before turning them in. Thank you.
Problem 1:





6 points

(a) A clock signal is routed to two edge-triggered flip-flops (FF) A and B that form a two-bit shift register. FFA feeds into FF B. The following circuit is extracted from the layout. Find clock skews, xA and xB, for the two flip-flops.


[image: image1]
(b) 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.

(c) In (b) xB > xA. Suppose we interchange the two clock signals going to flip-flops 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.
Problem 2:








6 points

The following data is available for a foundry that manufactures VLSI chips:

	Type of chips
	Profit per chip
	Chips/wafer
	Test time/chip

	Memory
	$0.50
	1,000
	30s

	Processor
	$1.00
	750
	10s


The foundry processes 100 wafers per day and has 400 hours of tester time available each day. Determine the number of each type of chips that should be manufactured.

Problem 3:








6 points
An alternate test for an operational amplifier consists of measuring the zero-input supply current, IDD(0). To set the pass/fail thresholds for IDD(0), Monte Carlo simulations are performed for 1,000 sample circuits in which component values are randomly varied. The computed gain and IDD(0) for these samples are shown in the following graph, where each sample appears as a point (assume that the total number of points is 1,000)

Compute the estimated yield, defect level and yield loss as percentages.
Problem 4:








6 points
Define retiming transformation.

Following diagram shows FF1 to FF2 critical path delay being increased due to scan design, which inserts a fanout (A) and a multiplexer (B). Specify how you will retime the circuit to eliminate the delay penalties from the critical path. Assume that the delays of all other paths are much smaller than the critical path delay.


Problem 5:








6 points
The physical layout of a chip consists of two unequal area partitions. Clock trees have been routed within each partition to provide zero-skew among flip-flops. Roots of the two trees are joined by a minimal length interconnect. Where should an on-chip clock generator be placed on this interconnect to maintain zero-skew clocking for the entire chip? Use the following data:

(a) Root to flip-flop delays for the two trees are 5ps and 25ps, respectively.

(b) Root node capacitances are 4pF and 30pF, respectively, in the same order as above.

(c) The shortest routable distance between the two clock trees is 1mm.

(d) Two wire options are available for clock routing:


Wire W1: resistance = 50Ω/cm, capacitance = 2pf/cm


Wire W2: resistance = 100Ω/cm, capacitance = 4pf/cm

Problem 6:








5 points
Show that the increase in cost of a VLSI chip due to design for testability (DFT) hardware is:


[(1 + Δ) {1 + 
Ad Δ /(α + Ad)}α – 1] × 100 percent
where d is the average number of defects per unit chip area, α is the defect clustering parameter, A is the chip area without the DFT hardware, and Δ is the fractional area increase due to the DFT hardware.

Calculate the cost increase when 10% area is added for DFT to a 1 sq. cm chip. Assume that the fabrication process is characterized by d = 1.25 defects/cm2 and α = 0.5.
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