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Abstract: 

 The deep-submicron effects are becoming more prominent with technology scaling and thereby, pose new challenges 

for effective grading and diagnosis of faults. Guaranteeing coverage for various abnormalities in an Integrated 

Circuit(IC) is a daunting task. Proposed here is a methodology to perform a layout-aware grading for Path Delay Faults 

(PDF) so as to characterize path criticalities based on each path’s sensitivity to a given set of parameters. Furthermore, 

to diagnose potential failures that can result due to variations in a parameter or a set of parameters. 

Problem: 

1. Implicit layout-aware grading of path-delay faults. 

2. Characterizing path criticalities based on layout information. 

3. Diagnosis of potential faults with respect to a target parameter. 

Rationale / Approach: 

1. With continued scaling of devices and interconnects the behavior of an Integrated Circuit (IC) has become 

more sensitive to manufacturing processes, environmental variations and other uncertainties. 

2. Certain uncertainties such as power supply noise and crosstalk, which are pattern dependent, contribute to the 

worsening signal integrity issues in modern ICs. 

3. The quality of a test set should be determined not only by the timing behavior of the paths detected by the test 

set but also the sensitivity of such paths to the variations in process and environmental parameters. 

4. Failure analysis/Diagnosis should be able to leverage layout information in order to identify potential defects. 

5. We propose to determine the quality of a given test set in identifying the defects arising from process and 

environmental variations.  

6. Additionally, we propose to build an infrastructure that can perform effective diagnosis using information 

from the layout. 

Novelty:  

1. Non enumerative grading for PDFs and implicitly annotating paths with layout information. 

2. Metrics to determine test set quality using layout information. 

3. Effective failure analysis using layout information. 

Potential Member Company Benefits: 

1. A layout-aware path grading tool to estimate the quality of a given test set. 

2. A new layout-aware metric for calculating test set quality. 

3. A tool for effective failure analysis by leveraging layout information. 

Deliverables for the proposed year: 

1. Software tool to perform layout-aware path grading and thereby, estimate test set quality. 

2. Software tool to aid failure analysis using layout information. 

Estimated Start Date:  08/16/2014 Estimated Knowledge Transfer Date: 08/16/2015 
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ABSTRACT: (250 OR FEWER WORDS) 

 

The deep-submicron effects are becoming more prominent with technology scaling and thereby, pose new 

challenges for effective grading and diagnosis of faults. Guaranteeing coverage for various abnormalities in an 

Integrated Circuit(IC) is a daunting task. Proposed here is a methodology to perform a layout-aware grading for 

Path Delay Faults (PDF) so as to characterize path criticalities based on each path’s sensitivity to a given set of 

parameters. Furthermore, to diagnose potential failures that can result due to variations in a parameter or a set of 

parameters. 

 
PROBLEM: 

 

1. Implicit layout-aware grading of path-delay faults. 

2. Characterizing path criticalities based on layout information. 

3. Diagnosis of potential faults with respect to a target parameter. 

 
RATIONALE: 

 

1. With continued scaling of devices and interconnects the behavior of an Integrated Circuit (IC) has become 

more sensitive to manufacturing processes, environmental variations and other uncertainties. 

2. Certain uncertainties such as power supply noise and crosstalk, which are pattern dependent, contribute to 

the worsening signal integrity issues in modern ICs 

3. Failure to consider signal integrity issues during test pattern generation could lead to in-field reliability 

issues and yield loss due to functional or timing related failures [5] 

4. Considering for such variations during the Automatic Test Pattern Generation (ATPG) is extremely 

difficult. 

5. The quality of a test set should be determined not only by the timing behavior of the paths detected by the 

test set but also the sensitivity of such paths to the variations in process and environmental parameters. 

6. Failure analysis/Diagnosis should be able to leverage layout information in order to identify potential 

defects. 

 
APPROACH: 

 

In the previous year we proposed and implemented an infrastructure for PDF grading using transition and functional 

test patterns. Also proposed, was a methodology to identify critical uncovered defects and generate tests to target 

such defects using the PDF model. Continuing on this effort, this year we propose a methodology for grading of 

PDFs using layout information. Essentially, we propose to determine the quality of a given test set in identifying 

the defects arising from process and environmental variations. Additionally, we propose to build an infrastructure 

that can perform effective diagnosis using information from the layout. 

Consider two paths Path-A and Path-B which are equally critical in terms of their timing behavior. However, only 

one of the two paths, Path-A, exhibits a higher sensitivity to a process parameter p. If this process parameter p were 
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susceptible to a higher degree of variation in the given IC then the criticality of Path-A must be ranked higher than 

that of Path-B. A test set must include patterns to test Path-A by exciting the maximum delay along Path-A.  

Recent work in [4] presents a test pattern generation method that would generate a pattern to excite the longest 

delay along a path by introducing crosstalk and power supply noise effects. The work in [5] characterizes the 

different patterns available for a path based on their ability to produce crosstalk and power supply noise effects. 

They do so by avoiding simulation and develop a layout based metric to grade the quality of the pattern. The 

intensions of the authors in [4] and [5] was to generate test patterns considering signal integrity effects only and 

therefore, provide little assistance towards diagnosing potential faults using layout information. 

In our previous work [1], we showed how each path in a ZBDD can be annotated with statistical delays by operating 

in a path-implicit manner. Our work in [2] [3] introduced methodologies for implicit and exact PDF grading using 

the ZBDD data structure. In the proposed work, we leverage [1] and [2] to implicitly build a database of paths 

detected by a given test set and annotate paths with information to reflect each path’s sensitivity to different layout 

parameters. Such an infrastructure could prove to be of great help during failure analysis. Essentially, if one was 

interested in identifying all such paths that could potentially exhibit defect behavior due to variations of a parameter 

p then one can quickly grab such paths from the database by performing a few implicit operations to select paths 

with a high degree of sensitivity to p.   

 

 
NOVELTY: 

 

1. Non enumerative grading for PDFs and implicitly annotating paths with layout information. 

2. Metrics to determine test set quality using layout information. 

3. Effective failure analysis using layout information. 

 
POTENTIAL BENEFITS TO INDUSTRY MEMBERS: 

 

1. A layout-aware path grading tool to estimate the quality of a given test set. 

2. A new layout-aware metric for calculating test set quality. 

3. A tool for effective failure analysis by leveraging layout information. 

 
DELIVERABLES: 

 

1. Software tool to perform layout-aware path grading and thereby, estimate test set quality. 

2. Software tool to aid failure analysis using layout information. 

 
TIMELINE/MILESTONES: (PER QUARTER) 

 

First half: 

 Software tool to perform layout-aware path grading and thereby, estimate test set quality. 

Figure 1: Proposed flow for layout-aware grading and diagnosis 



 

Second half: 

 Software tool to aid failure analysis using layout information. 

 
TECHNOLOGY TRANSFER: 

 

 Software tools developed during the course of this project will be transferred to the member company. 

 Submission to peer-reviewed conference and journals. 

 
BUDGET:  

 

Cost of $50,000  
 Support a graduate student for up to 25%. 

 Partial support for the PIs. 

 Travel to member company and conferences to present research findings.  
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