Chapter 4: Built-in Self-Test (BIST) Techniques

4.1 Introduction to Built-in Self-Test (BIST)

Built-In Self-Test (BIST) is a critical technique in modern electronics that involves embedding
self-testing capabilities directly within the circuit or system itself. Rather than relying solely on
external test equipment, BIST allows the system to test itself, making it more efficient,
cost-effective, and capable of performing ongoing diagnostic checks. BIST is particularly useful
in environments where external access to components is limited or impractical, such as
embedded systems, field-deployed devices, and automotive electronics.

BIST is typically used for detecting faults, verifying performance, and ensuring the reliability of
integrated circuits (ICs) or systems during manufacturing, as well as in post-production and
operational phases.

4.2 Principles of Built-in Self-Test

The core principle of BIST is to integrate testing circuits into the design of the system, allowing
the system to run diagnostic tests on itself. The key elements involved in BIST implementation
include:

4.2.1 Test Pattern Generation

In BIST, test patterns are used to stimulate the circuit under test (CUT). These patterns are
generated by internal circuits within the system, often using a linear feedback shift register
(LFSR) or a pseudo-random pattern generator.

e Pseudo-Random Test Patterns: BIST systems can generate pseudo-random input
signals that cover a wide range of possible fault scenarios, ensuring that the circuit is
thoroughly tested.

e Deterministic Test Patterns: In some cases, deterministic patterns may be used to
target specific fault models or ensure exhaustive testing for particular conditions.

4.2.2 Response Analysis

Once the test patterns are applied, the system must check the responses from the CUT. The
results are compared with expected outcomes to identify faults.



e Signature Analysis: This method involves summarizing the test results using a compact
value, such as a signature or checksum, to quickly determine if any discrepancies exist
between expected and actual outputs. Signature analyzers compress the test results into
a single value that is easy to compare.

e Output Comparison: In simpler cases, the actual output is directly compared to the
expected output, and any mismatches are flagged as faults.

4.2.3 Fault Coverage

A critical goal of BIST is to achieve high fault coverage, which refers to the proportion of
possible faults in the system that can be detected by the test patterns. High fault coverage is
crucial to ensure the system’s robustness and reliability.

e Stuck-At Faults: BIST is particularly effective in detecting stuck-at faults, where a node
in the system remains stuck at a logic high or low, regardless of the inputs.

e Transition Faults and Delay Faults: BIST can also be designed to detect more
complex faults, such as transition faults (where a signal does not transition properly) and
delay faults (where signal propagation is delayed beyond acceptable limits).

4.3 Types of Built-in Self-Test (BIST) Techniques

There are several types of BIST techniques, each suited for different types of circuits and
systems. The two main categories of BIST are logic BIST and memory BIST, but there are
many other variations based on the type of system under test.

4.3.1 Logic Built-in Self-Test (Logic BIST)

Logic BIST is used for testing the combinational and sequential logic in digital circuits. It is
primarily focused on detecting faults in logic gates, flip-flops, and other digital components.

e Test Pattern Generation: In logic BIST, a pseudo-random or deterministic pattern
generator is used to apply test inputs to the system.

e Response Compaction: The responses from the CUT are compacted into a signature,
which is then compared to the expected value to determine if any faults are present.

e Use in Large-Scale ICs: Logic BIST is widely used in testing large-scale integrated
circuits (LSls), such as microprocessors, ASICs, and FPGAs.



4.3.2 Memory Built-in Self-Test (Memory BIST)

Memory BIST is specifically designed for testing memory elements, such as RAM and ROM,
embedded within an electronic system. Since memory systems are often prone to faults like
stuck bits, addressing errors, or read/write failures, memory BIST plays a vital role in ensuring
memory reliability.

e Test Patterns for Memory: Memory BIST typically uses March tests or
pseudo-random patterns to test memory cells for faults. These tests ensure that each
memory cell is read and written to, and that all potential errors, such as stuck bits or
incomplete writes, are detected.

e Memory Diagnostic: Memory BIST systems can perform tests like addressing, data
retention, and read/write operations, providing a comprehensive check of the memory
subsystem.

4.3.3 Analog Built-in Self-Test (Analog BIST)

Analog BIST is used to test analog circuits, such as amplifiers, filters, and voltage
regulators, which require a different testing approach compared to digital circuits. Analog BIST
techniques often involve measuring circuit parameters like gain, frequency response, and
signal distortion.

e Test Pattern Generation: Analog BIST typically generates signals such as sine waves
or square waves to stimulate the analog components, allowing for measurement of their
behavior under various conditions.

e Response Analysis: The output signals are analyzed to detect deviations from
expected behavior, and faults such as non-linearities or drift are identified.

4.4 Advantages of BIST in Electronic Circuit Testing
BIST offers several advantages over traditional external testing methods:
4.4.1 Cost-Effective

By embedding test logic directly into the circuit, BIST eliminates the need for expensive external
test equipment. This is particularly beneficial in high-volume production, where the cost of
testing can significantly impact overall product cost.

4.4.2 Faster and More Efficient Testing



BIST allows for faster testing because the system can test itself automatically. This eliminates
the need for external testers to probe the circuit, which can be time-consuming, especially for
complex or densely packed systems.

4.4.3 Self-Diagnosis in Field Applications

In field-deployed applications, BIST enables the system to diagnose its own faults without
needing manual intervention or external diagnostic tools. This is particularly useful for systems
that are difficult to access after deployment, such as those used in aerospace, automotive, and
industrial automation.

4.4.4 Improved Fault Coverage

BIST techniques can be tailored to achieve high fault coverage, detecting faults that might not
be detected by traditional testing methods. This ensures that the system is robust and reliable,
even in mission-critical applications.

4.5 Limitations of BIST in Electronic Circuit Testing
While BIST offers significant benefits, there are some limitations to consider:
4.5.1 Increased Design Complexity

Integrating BIST logic into the design of the system adds extra complexity to the circuit,
requiring additional components and test circuitry. This can increase the design time and
potentially impact the size or power consumption of the system.

4.5.2 Limited Fault Coverage for Complex Faults

BIST techniques are effective for detecting common faults like stuck-at faults and delay faults,
but they may have limitations in detecting more complex or non-typical faults, especially in
analog or mixed-signal systems. The design of BIST systems must be carefully optimized to
maximize fault coverage.

4.5.3 Testing Overhead

While BIST can automate testing, it can also introduce overhead in terms of additional logic and
circuits required for testing. This can affect the performance of the system, especially in
real-time applications where minimizing delay is crucial.

4.5.4 Difficulty in Handling Unknown Faults

BIST may not be capable of detecting new or unknown fault types that are not accounted for in
the test patterns. As a result, while BIST is a powerful diagnostic tool, it may not provide
comprehensive fault detection for all failure modes.



4.6 Conclusion

Built-In Self-Test (BIST) is a powerful technique for enhancing the testability and reliability of
electronic systems. By embedding test circuitry within the design, BIST enables automatic,
efficient, and cost-effective testing that can identify faults in both the development and
post-production phases. While BIST offers many advantages, such as reduced testing costs and
faster fault detection, its limitations must be considered when designing test strategies. As
electronic systems continue to grow in complexity, BIST will play an increasingly important role
in ensuring product quality, reliability, and long-term performance.
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