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Introduction

In the ever evolving field of semiconductor design, the reliability of integrated circuits is paramountChapter 6 VLSI
Testing NCUdelves deep into the strategies and tools that engineers employ to detect defects before silicon
reaches the market. This article provides a comprehensive walkthrough of the chapter's core concepts, illustrating
how fault models, test pattern generation, scan design, and data compression converge to form a robust testing
framework. Whether you're a seasoned VLSI professional or a newcomer to the discipline, understanding these
principles is essential for delivering high yield, defect free chips.

Overview of Chapter 6

Chapter 6 focuses on the practical aspects of VLSI testing, bridging theoretical fault models with real world test
implementation. The NCU authors structure the discussion around four pillars: fault modeling, test generation, test

execution, and cost optimization. They emphasize the importance of early test planning, integrating test

considerations into the design phase to minimize later complications. Throughout the chapter, case studies

illustrate how these techniques are applied to modern processors, memory arrays, and mixed signal blocks.

Key Themes Covered

¢ Fault models and their relevance to modern manufacturing.

< Algorithmic approaches to generate high coverage test patterns.
e Scan chain architecture and its role in improving testability.

e Built in self test (BIST) for complex subsystems.

» Data compression techniques that reduce test time.

e Economic analysis of test cost versus yield improvement.

Fault Models and Testability

Effective testing begins with a clear definition of the faults you intend to detect. Chapter 6 introduces the classic
stuck at, bridging, and transition faults, then expands to include delay faults and functional faults that arise in
modern deep sub micron processes. By mapping these faults onto the circuit's netlist, designers can assess the
testability of each module.

Stuck At Faults

Stuck at faults assume a node is permanently at logic O or 1. They are the most straightforward to model and are
still a staple in early stage test generation due to their simplicity and high detection probability.

Transition and Delay Faults

With shrinking feature sizes, timing violations become more prevalent. Transition faults model the inability of a node
to change state within a specified window, while delay faults capture the propagation delay exceeding acceptable
limits. Chapter 6 explains how to incorporate these into simulation frameworks.

Functional Faults

Functional faults arise from subtle interactions between components, often undetectable by simple stuck at tests.



The chapter discusses functional coverage metrics and how to employ functional test vectors derived from
corner case scenarios.

Test Pattern Generation Techniques

Once faults are defined, the next step is to generate patterns that will expose them. Chapter 6 presents both
deterministic and probabilistic approaches, highlighting their trade offs in terms of coverage, pattern length, and
computational effort.

Deterministic Pattern Generation

Deterministic methods, such as algorithmic test generation (ATG) and pseudo random pattern generation (PRPG),
guarantee fault coverage for a specified set of faults. The chapter details how ATG algorithms construct patterns by
solving Boolean equations, while PRPG uses linear feedback shift registers to generate pseudo random vectors
that, when seeded properly, achieve high coverage.

Probabilistic Pattern Generation

Probabilistic techniques rely on statistical analysis to estimate fault coverage. They are particularly useful for large
designs where deterministic generation becomes computationally prohibitive. Chapter 6 discusses the use of
fault simulation engines and the importance of selecting appropriate seed values.

Hybrid Approaches

Combining deterministic and probabilistic methods can vyield optimal results. The chapter showcases hybrid
algorithms that first apply deterministic patterns to critical faults, then use PRPG to cover the remaining faults,
thereby balancing coverage and test time.

Scan Design and Built In Self Test (BIST)

Scan design transforms combinational logic into a shift register like structure, enabling easier observation and
control of internal states. Chapter 6 provides a step by step guide to implementing scan chains, selecting scan
points, and optimizing for minimal performance impact.

Scan Chain Architecture

The authors describe how to partition the design into scan slices, insert scan cells, and manage clock gating to
reduce power consumption during test mode. They also address the trade off between scan depth and test time.

Built In Self Test (BIST)

BIST is a powerful technique for testing complex blocks such as memory, analog, or mixed signal components.
Chapter 6 outlines the architecture of BIST engines, including test pattern generators (TPG), output response
analyzers (ORA), and test data compression units. It emphasizes the importance of modular BIST implementation
to keep design overhead manageable.

Test Mode Control and Isolation

Managing the transition between functional and test modes is critical. The chapter discusses test mode control
logic, isolation techniques to prevent functional interference, and the use of test mode registers to store
configuration data.

Test Data Compression



Long test patterns can inflate the time and cost of testing. Chapter 6 introduces compression techniques that
reduce the number of vectors sent to the device under test (DUT) while preserving fault detection capability.

Pattern Compression Algorithms

Common algorithms include run length encoding (RLE), arithmetic coding, and Huffman coding. The chapter
explains how each algorithm works, their compression ratios, and the impact on test time.

Compression Hardware Integration

Integrating compression hardware into the DUT requires careful consideration of area, power, and speed. Chapter
6 provides guidelines for placing compression units near the input and output ports, ensuring they do not become
bottlenecks.

Decompression and Fault Detection

On the test equipment side, decompressing compressed patterns must be fast and reliable. The authors discuss
the role of test equipment firmware in managing decompression and how to synchronize it with the DUT's test
mode.

Test Cost Estimation and Reduction

Testing is a significant portion of the overall manufacturing cost. Chapter 6 offers strategies to estimate test cost
accurately and implement cost saving measures without compromising reliability.

Cost Modeling

Cost models consider factors such as test time, equipment usage, and defect yield. The chapter presents a formula
that relates test cost to fault coverage and test vector length, providing a framework for designers to evaluate
trade offs.

Yield Driven Test Planning

Yield driven test planning aligns test effort with the target yield. The authors explain how to prioritize fault coverage
based on defect density and criticality, thereby focusing resources where they matter most.

Power Aware Test Strategies

Test mode can increase dynamic power consumption. Chapter 6 discusses low power scan techniques, such as
clock gating and power down of unused blocks, to mitigate this issue while maintaining test integrity.

Test Scheduling and Automation

Efficient test scheduling maximizes equipment utilization and reduces overall test time. Chapter 6 covers
scheduling algorithms that balance test vector length, DUT complexity, and equipment constraints.

Batching and Parallel Testing

Batching similar tests and running them in parallel can significantly cut down test time. The chapter outlines how to
group tests based on shared test modes or similar fault sets.

Automation Frameworks

Automation frameworks orchestrate the entire test flow, from pattern generation to result analysis. Chapter 6
highlights popular tools and scripts that integrate with electronic design automation (EDA) suites to streamline the
testing process.



Result Analysis and Fault Reporting

Automated result analysis identifies stuck faults, timing violations, and other anomalies. The authors emphasize the
importance of detailed fault logs for root cause analysis and process improvement.

Case Studies and Practical Applications

To bridge theory and practice, Chapter 6 includes several real world case studies. These examples illustrate how
the discussed techniques are applied to different types of ICs, from high performance processors to low power loT
devices.

Processor Design

The case study on a 32 bit RISC processor demonstrates how scan insertion and BIST were used to achieve 99.9%
fault coverage with a test time of 3.5 /hours.

Memory Array Testing

For a 64 Mb SRAM, the authors describe using pattern compression and a dedicated memory BIST engine to
reduce test time from 10 /hours to under 2 /hours, while maintaining 100 /% fault coverage.

Mixed Signal ICs

Testing analog and mixed signal blocks presents unique challenges. The chapter explains how to convert analog
faults into digital testable forms using stimulus and observation techniques.

Key Takeaways from Chapter 6

 Early integration of test considerations into design is critical for achieving high fault coverage with minimal
cost.

e Combining deterministic and probabilistic test pattern generation yields optimal coverage while managing
computational effort.

e Scan design and BIST are complementary techniques that enhance observability and controllability of
complex circuits.

« Effective test data compression can drastically reduce test time without sacrificing reliability.

¢ Automated test scheduling and result analysis streamline the testing workflow and improve yield.

Conclusion

Chapter 6 VLSI Testing NCU offers a thorough roadmap for designers and test engineers aiming to deliver

defect free silicon. By mastering fault models, test generation, scan architecture, and cost optimization, teams can
build robust testing strategies that keep pace with the rapid advancements in semiconductor technology.

Implementing the chapter's recommendations not only improves yield and reduces cost but also strengthens the

overall quality assurance process, ensuring that every chip reaching the market meets the highest standards of

reliability.
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