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Abstract:

Proposed is a formulation for quick diagnosis of the sources of failure in a failing system level test when functional
input sequences are applied. The formulation tries to determine the possible combinations of multiple defects in the
device that justify the observed output error sequence. These failures may correspond to one of the following:
defects that escaped structural tests, defects in the untested parts of the circuit that lack scan coverage (shadow
logic around SRAM), functional defects that are triggered only when particular sequence of input is applied.

Problem:
1. Identify the set of all possible input test sequences for a given output functional sequence using implicit
function based methods
2. Defect isolation in integrated circuits by performing error analysis on a given set of input and output
functional test sequences at the RTL abstraction of integrated circuits

Rationale / Approach:
1. Traditional ATPG methods fail to detect many potential defects in the increasingly complex modern

integrated circuits
2. The process of debugging defects emanating during system level tests involves intensive manual labor and
time. This makes it challenging to achieve the ever shrinking time-to-market.

3. Scalability issues diagnosis at the gate level are alleviated by approaching the problem at a higher level of
abstraction like the Register Transfer (RT) level.

4. The approach works by modeling error combinations at the outputs of the hierarchical RT level modules and
propagating the errors to justify the observed erroneous output.

Novelty:
1. Use of implicit function based methods in identifying the set of all possible input test sequences
corresponding to a given output sequence
2. Isolation of defects independent of fault model
3. Quick defect isolation due to reduced complexity at the RT level abstraction of the circuit

Potential Member Company Benefits:
1. Effective techniques to avoid the painstaking manual debug of system level test failures
2. Quick defect isolation and diagnostic test generation

Deliverables for the proposed year:
1. Software tool to implicitly identify input test sequences using function based methods
2. Software tool to perform defect isolation and diagnostic test generation at the RT level

Estimated Start Date: 08/16/2015 Estimated Knowledge Transfer Date: 08/16/2016
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ABSTRACT: (250 OR FEWER WORDS)

Proposed is a formulation for quick diagnosis of the sources of failure in a failing system level test when functional
input sequences are applied. The formulation tries to determine the possible combinations of multiple defects in
the device that justify the observed output error sequence. These failures may correspond to one of the following:
defects that escaped structural tests, defects in the untested parts of the circuit that lack scan coverage (shadow
logic around SRAM), functional defects that are triggered only when particular sequence of input is applied.

PROBLEM:

1. Identify the set of all possible input test sequences for a given output functional sequence using implicit
function based methods

2. Defectisolation in integrated circuits by performing error analysis on a given set of input and output
functional test sequences at the RTL abstraction of integrated circuits

RATIONALE:

1. Traditional ATPG methods fail to detect many potential defects in the increasingly complex modern
integrated circuits

2. Certain defects may be triggered only during the execution of particular input instruction sequences.
Such defects cannot be detected using structural debug techniques

3. Defects triggered at extreme sequential depths may escape manufacturing tests but cause the system
level executions to crash

4. The process of debugging defects emanating during system level tests involves intensive manual labor
and time. This makes it challenging to achieve time-to-market requirements.

APPROACH:

One approach to debug failures observed during system level testing is to analyze the logic in the circuit that was
activated based on the instruction that was issued and generate functional test patterns to detect previously
uncovered defects in that cone of logic using different fault models. For example, a write or read memory
instruction would access the SRAM in the device and based on the address one can identify the cone of logic
feeding to a particular SRAM module. Traditionally, such an approach is carried out on the gate level netlist and
in many instances this is not scalable due to the vast number of gates in modern designs. Also, one has to assume
a fault model and many existing commercial Automatic Test Pattern Generators (ATPG) assume single faults and
generate test patterns considering only one of the erroneous output pins at a time. On the other hand, the
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proposed approach identifies values at the RT level modules at different hierarchies that justify the values on all
pins of the output.

We address such scalability issues by approaching the problem at a higher level of abstraction like the Register
Transfer (RT) level. The proposed method provides an error isolation model and in the process generates
diagnostic test patterns. The approach works by modeling error combinations at the outputs of the hierarchical
RT level modules and propagating the errors to justify the observed erroneous output. By doing so we identify the
RT level modules that are the potential source of error and focus our effort on identifying the defect at lower
levels of abstraction with in the modules only. This way the complexity is reduced to the size of the smaller
modules. Finally, diagnostic patterns are made available to trigger the defects and propagate the effects to the
observable outputs.

One of the advantages of such a modeling formulation is that it is not dependent on assuming fault models at the
RT level and this, further simplifies the complexity of the proposed approach. Also, in the proposed formulation
we consider the scenario where a failure may be due to the simultaneous occurrence of errors on multiple outputs
of a module.

The proposed formulation can be modeled using Boolean Satisfiability or Satisfiability Modulo Theories (SMT).
Solvers based on SMT can effectively model RT level circuit descriptions written in behavioral and structural
Verilog.

Recent work in [1][2] deal with generating functional tests for hard to detect stuck at faults that were not covered
by structural tests. The approach in [1][2] assumes a fault model and cannot effectively debug arbitrary defects
that result in failed system level tests. [3] addresses the existence of cases where failing circuits are affected by
multiple defects. However, the approach in [3] can only be applied to gate level description of circuits and thus, is
not scalable for large and complex modern circuits. The problem tackled by [5] is very close to the one addressed
by the proposed approach. However, the solution in [5], unlike the proposed solution, is based on reachability
analysis of states and requires on-chip support logic.

The proposed formulation consists of two phases. The first phase involves a test generation procedure to implicitly
generate input test sequences that justify a given output sequence using function based methods. The second
phase deals with isolating the hierarchy at which the error was generated by considering each of the possible
input sequences and the erroneous output. In this process we consider a single module at each hierarchy and
check to see if an error appearing on the outputs of the module can justify the observed erroneous output. If it
does justify the output then the module is considered to be a potential source of the defect or along an error
propagation path. The proposed approach is applied by iteratively scaling down the hierarchies until we reach
modules small enough to allow for more exhaustive debug.

NOVELTY:

1. Use of implicit function based methods in identifying the set of all possible input test sequences
corresponding to a given output sequence

2. lIsolation of defects independent of fault model

Quick defect isolation due to reduced complexity at the RT level abstraction of the circuit

4. Performs multiple error propagation and justification for a more accurate diagnosis of defects

w

POTENTIAL BENEFITS TO INDUSTRY MEMBERS:

1. Effective techniques to avoid the painstaking manual debug of system level test failures
2. Quick defect isolation and diagnostic test generation



DELIVERABLES:

1. Software tool to implicitly identify input test sequences using function based methods
2. Software tool to perform defect isolation and diagnostic test generation at the RT level

TIMELINE/MILESTONES: (PER QUARTER)

Q1 and Q2:

= Development of techniques to implicitly identify input test sequences using function based methods
= |Implement software tool to generate test sequences

= Development of methodologies to perform defect isolation at the RT level
= |mplement software tool to automate defect isolation and generate diagnostic test patterns to
distinguishably test potential defects

=  Procure test cases from member companies and demonstrate the capabilities of the proposed approach

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 Pls.
= Travel to Member Company and conferences to present research findings.
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