Name __________________________________________________________________


ELEC 7770 Advanced VLSI Design

Take-home Final Exam, Assigned May 4, 2010, due May 7, 2010     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
Write an integer linear program to minimize the four variable Boolean function {0,2,4,5,10,11,13,15}. Find a minimal sum of products form for this function.
Problem 2:








5 points
A standard cell library contains the following cells:
	Cell

Name
	Area units

(cost)
	Inputs
	Output function, Z

	Inverter
	2
	A
	Z = A’

	NAND2
	3
	A, B
	Z = (AB)’

	NAND3
	4
	A, B, C
	Z = (ABC)’

	NAND4
	5
	A, B, C, D
	Z = (ABCD)’

	AOI21
	4
	A, B, C
	Z = (AB + C)’

	OAI21
	4
	A, B, C
	Z = ((A + B)C)’

	AOI22
	5
	A, B, C, D
	Z = (AB + CD)’

	XOR
	4
	A, B
	Z = AB’ +A’B


Find the minimum area mapping for the three input Boolean function, z = b(a + c).

Problem 3:








5 points
To provide zero-skew clock distribution, the feed point on an interconnect of length L that connects the roots of two balanced clock distribution trees divides the interconnect into sections of lengths xL from the root of tree 1 and (1 – x)L from the root of tree 2. Derive an expression for x when,


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 leaf delays for the two trees are 5ps and 10ps, respectively.

(b) Their root node capacitances are 4pF and 8pF, respectively, in the same order as above.

(c) The shortest routable distance between the two clock trees is 2mm.

(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 5:








5 points

Manually analyzing circuits F1 and F2, draw their binary decision diagrams (BDD). Convert the BDDs to reduced order BDDs (ROBDDs) to verify whether or not the two circuits are functionally equivalent.

[image: image1]
Problem 6:








5 points

Two sinusoidal signals of equal magnitude A and frequencies f1 and f2 that are close to each other are applied to an amplifier, whose time domain output can be expressed as,

Vo(t) = a0 + a1Vi(t) + a2Vi2(t) + a3Vi3(t)

Where Vi(t) is the time domain input. Show that for the output:
(a) Amplitude of each fundamental is a1A + 9a3A3/4.
(b) Amplitudes of the intermodulation frequencies that are closest to fundamentals are 3a3A3/4.
Problem 7: 







5 points

Consider an n node system that maintains consistency in the presence of m faulty communication links through an oral message algorithm, OM(m). State the algorithms OM(0) and OM(m) for m > 0. Prove that a consistency of communication can be assumed only if n > 3m. Hint: Following paper may be helpful:
D. Dolev, L. Lamport, M. Pease and R. Shostak, “The Byzantine Generals,” pp. 348-369, in B. K. Bhargava (Editor), Concurrency Control and Reliability in Distributed Systems, Van Nostrand, 1987.
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