Name __________________________________________________________________


ELEC 7770 Advanced VLSI Design

Take-home Final Exam, Assigned April 26, 2008, due May 1, 2008   Total 35 points
Instructions: Read all questions before writing your answers and attempt all seven (7) questions. Be sure to revise your answers before turning them in. Thank you.
Problem 1:








5 points
Define retiming transformation. In the following system, combinational blocks Ci have 32-bit outputs and their delays are as shown. Registers R are 32-bit parallel registers with one clock delay. Manually perform retiming transformations and sketch the retimed schematics for:
(a) Fastest clock. What is the clock period?

(b) Smallest number of flip-flops. What is the best clock period for this case?
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Problem 2:








5 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:








5 points
The feed point on a route of length L that connects the roots of two balanced clock distribution trees divides the route into sections of lengths xL from the root of tree 1 and (1 – x)L from the root of tree 2. If the two trees have been pre-routed for zero skew, then show that for maintaining the zero skew,





    1.45(t2 – t1) + aL (C2 + bL/2)





 x     =
    ((((((((((((






aL (bL + C1 + C2)

Where,
a
=
per unit length routing resistance



b
=
per unit length routing capacitance



C1
=
capacitance of tree 1 at its root; its root to leaf delay is t1


C2
=
capacitance of tree 2 at its root; its root to leaf delay is t2

Problem 4:








5 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 between all flip-flops. Where should an on-chip clock generator be placed to feed the roots of the two trees via minimal length wiring and maintain zero-skew clocking for the entire chip? Use the following data:
(a) The root to flip-flop delays for the two trees are 5ps and 25ps, respectively.

(b) Their 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 A: resistance = 50Ω/cm, capacitance = 2pf/cm


Wire B: resistance = 100Ω/cm, capacitance = 4pf/cm
Problem 5:








5 points
The following circuit is fully tested for all single stuck-at faults by four vectors (a, b, c) = 110, 010, 100 and 011. How will following faults be diagnosed by this test?

(a) Fault 1: AND gate replaced by an XNOR gate
(b) Fault 2: OR gate replaced by an XOR gate
If these four tests are not adequate, how will you improve the test set? Comment on the gate-exhaustive fault model discussed in the following paper for suitability in diagnosis:
K. Y. Cho, S. Mitra, and E. J. McCluskey, “Gate Exhaustive Testing,” Proc. IEEE International Test Conference, 2005.
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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.


Problem 7:








5 points
Consider a VLSI chip with 100,000 gates and 2,000 flip-flops. A combinational ATPG program produces 500 vectors to fully test the logic. Find the minimum number of scan test cycles if 20 scan chains are implemented. Given that the circuit has 20 primary input and 20 primary output data pins, and only one extra pin available for test, how much more overhead will be needed for the new design?


























































































































































Circuit for Problem 1.








Circuit for Problem 5.
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