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As deep sub-micron technologies are widely adopted in modern VLSI design and fabrication process, the shrinking size and increasing complexity of digital circuits make it more difficult to maintain a high yield. Diagnosis is the procedure used when circuit verification fails. Determining the cause of the failure and finding the possible defect locations are included in diagnosis. In this thesis, a procedure to diagnosis multiple net-faults based on multiple stuck-at and transition fault models is proposed.

Many previous studies on fault diagnosis have focused on single failures. However, considering the increasing complexity of current devices, multiple fault models may better reflect the real failures. Therefore, this thesis aims at using multiple fault models for diagnosis, though only the single fault simulation information is used. We utilize the test patterns that have high diagnostic coverage for single stuck-at and single transition faults. Thus, we can expect a better distinguishablility between faults and therefore a better diagnosis can be achieved. We first propose a candidate filtering system based on probabilistic counting criteria, which is different from previous methods that simply rely on strict matching criteria or accumulated matching count. The proposed candidate filtering system utilizes both passing patterns as well as the information on the error-free primary outputs to construct a unique pass/fail ratio-count for each fault that could potentially exist in the faulty circuit. 

After candidate filtering, we use two procedures called vertical reduction and horizontal reduction, respectively, to further shrink the size of the set of fault candidates. These procedures rely on two observations on the fault behavior at primary outputs. First, it would be very likely that the same cause underlies different failing patterns when the combinations of primary outputs with errors are the same. Second, a fault that can mask another fault under certain pattern is a stronger candidate for being the real defect than the other fault that it masked. The purpose of these procedures is two-fold. First, try to find faults that can explain at least one erroneous primary output that we call unique-faulty-output. A unique-faulty-output is a failing output that can only be affected by a unique fault under a specific failing pattern. Such unique faults are more likely candidates for being real defects, because no other faults can explain the faulty behavior. Second, because when a fault is released from suspicion on the basis of certain pattern that does not necessarily mean that this fault will be abandoned from the final candidate list. Based on a reduction ratio defined for each fault, ranks are assigned to faults. Finally, the ranks of faults and their unique fault status allow us to rank faulty nets.

We use a commercial fault simulation tool for experiments on ISCAS85 benchmark circuits showing that this diagnosing scheme has a good accuracy and resolution for the diagnosis of faulty nets.
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