ELEC 7770-001 Advanced VLSI Design 

Spring 2016
Homework 1
Assigned 2/3/16, due 2/17/16
Problem 1:
In a VLSI chip manufacturing process the probability of failing a good chip is α, and that of passing a bad chip is β, where α << 1 and β << 1. If the yield is y, then show that the defect level (DL) is,
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DL ≈ ――――









(1 – α)y

When α = 0.05, β = 0.001 and y = 0.9, find DL in PPM.

Problem 2:
A state of the art mixed-signal automatic test equipment (ATE) costs $10M to purchase and install. Its maintenance and operating cost is $2M/year. Assuming that the ATE will be fully depreciated in 10 years, compute the cost of digital test time in cents per second.

Problem 3: What is the cost of a mixed-signal VLSI chip for which,




Cost of processing a wafer 

= 
$500




Number of chips on a wafer

= 
500

Analog test time 



= 
2.0s


Digital test clock rate 


= 
1GHz


Number of digital test vectors 

= 
109

Chip yield 




= 
78%
Assume the test cost data of Problem 2. What should the yield be to reduce the cost below $1.50?

Problem 4: Design two 16-bit combinational adder circuits, one for area optimization and the other for delay optimization. Create a miter circuit to apply the simulation-based heuristic to verify the logical equivalence of the two circuits – concatenate two vector sets separately generated for 100% fault coverage in the two circuits, respectively. Examine two cases of errors in one of the circuits by replacing a single gate near primary inputs and in the middle of the circuit, respectively, in each case by a different type of gate. Determine whether the simulation strategy shows non-equivalence. Tabulate number of gates, number of inputs and outputs, critical path delay, number of test vectors, fault coverage, and the number of redundant faults for the two designs. Identify the technology used. Your answer should be written in your own words. Do not include any program, netlist, printout or screen shot in your submission.


Grading for this problem will depend on:

A. How complete (not how detailed), correct (with units specified) and concise the presented data is.

B. How insightful is student’s interpretation (conclusion) of results.

C. Any novel ideas of learning are expressed.

Note: A useful reference for Problems 1-3 is: M. L. Bushnell and V. D. Agrawal, Essentials of Electronic Testing for Digital, Memory and Mixed-Signal VLSI Circuits, Springer, 2000.
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