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ABSTRACT 

 
As semiconductor technology continues to advance, the integration of complex and high-

density memory architectures in modern electronic systems has become ubiquitous. With 

aggressive scaling, reduced feature sizes, and increased operational frequencies, memory 

devices are increasingly susceptible to a wide range of defects and faults that can 

compromise the reliability, performance, and functional safety of the entire system. To 

address these concerns, Memory Built-In Self-Test (MBIST) and Memory Repair 

techniques have emerged as indispensable components in ensuring the long-term integrity 

and robustness of memory subsystems. 

MBIST provides an automated, highly efficient mechanism for testing embedded 

memories during manufacturing, system initialization, and even periodic in-field operation. 

By embedding test logic directly within the chip, MBIST eliminates the dependency on 

costly external testers, reduces test time, and enables comprehensive fault coverage through 

advanced algorithms such as March-based tests, checkerboard patterns, and algorithmic 

stress sequences. These capabilities allow for early detection, isolation, and diagnosis of 

memory-related faults, ultimately improving product quality, accelerating validation 

cycles, and enhancing overall system reliability. The integration of MBIST further 

contributes to optimizing manufacturing yields by allowing precise fault characterization 

at the wafer and package levels. 

Memory repair techniques complement MBIST by mitigating the impact of permanent or 

hard-to-correct defects discovered during testing. These methodologies employ 

redundancy mechanisms—such as spare rows, spare columns, redundant blocks, and error-

tolerant architectures—to reconfigure around faulty memory locations. Once defects are 

identified, repair logic redirects memory accesses to healthy redundant elements, 

effectively salvaging the memory module. Although redundancy introduces certain trade-

offs in terms of silicon area, power, timing complexity, and repair latency, it significantly 

reduces the number of unusable dies and enhances the overall lifetime reliability of the 

system. 
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Emerging architectures such as multi-port SRAMs, embedded DRAMs, non-volatile 

memories, and FinFET-based designs require adaptable test strategies and scalable repair 

frameworks. Additionally, as technology nodes shrink, new fault modes—such as data 

retention failures, leakage-induced faults, and timing-dependent defects—necessitate 

more sophisticated testing approaches. In safety-critical domains like automotive, 

aerospace, and medical electronics, achieving high diagnostic coverage, fault tolerance, 

and compliance with functional safety standards becomes essential. Consequently, 

MBIST and memory repair systems must continue to evolve to meet the stringent 

reliability demands of next-generation semiconductor devices. 
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Chapter 1 

 

Introduction 

 

 

Chip testing is a critical phase in the semiconductor manufacturing process, designed 

to ensure that integrated circuits (ICs) operate correctly and are free from defects. 

This testing is carried out at various stages, including during design verification, post-

manufacturing, and before the chips are packaged and shipped. Chip testing ensures 

the functionality, performance, and reliability of the semiconductor device. The 

testing process can be divided into two primary types:  

Functional Testing: Verifies whether the chip operates according to its intended 

design specifications. This testing checks the logical correctness of the IC, ensuring 

that all functional elements work together as required. It typically involves running 

test vectors to simulate real world scenarios.  

Structural Testing: Focuses on identifying manufacturing defects by checking the 

physical structure of the chip, ensuring that all components and connections are intact. 

This includes methods like DFT and Built-In Self-Test (BIST) to detect issues at 

every node, even if they don't impact functionality directly.  

 

Over the years, DFT techniques have evolved to enhance chip testability and 

streamline the testing process, especially as chips have become more complex with 

smaller process nodes and higher integration. Some key advancements in DFT 

include: Scan Chains: One of the foundation techniques in DFT, scan chains convert 

sequential elements in the design (like flip-flops) into controllable and observable 

elements. This allows designers to access internal states of the chip for testing, 

improving fault detection.  
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Boundary Scan: Introduced as the IEEE 1149.1 standard (JTAG), boundary scan 

provides a way to test interconnects on printed circuit boards (PCBs) and ICs without 

physical access to all pins. This is particularly useful for complex systems where pin 

access is limited. Built-In Self-Test (BIST): BIST enables chips to test themselves by 

embedding test logic within the IC. This self-testing capability reduces reliance on 

external test equipment and allows for faster, on-chip fault detection. 

 

At-Speed Testing, with shrinking process nodes and higher operational frequencies, 

traditional low-speed testing may not reveal issues that only occur at full operational 

speed. At-speed testing methods are designed to simulate real-time chip operations, 

capturing defects that might be missed during slower tests.  

 

Compression Techniques: To cope with the growing size and complexity of chips, 

modern DFT includes test data compression techniques, which reduce the volume of 

test data that needs to be applied. This helps minimize test time and cost without 

sacrificing coverage. 

As memory content in chips grows, testing embedded memories like SRAM, DRAM, 

or flash has become increasingly challenging. MBIST is a specialized type of BIST 

developed for memory arrays. MBIST offers several benefits: 

Efficient Memory Testing: MBIST algorithms can efficiently test large memory 

arrays for common defects such as stuck-at faults, coupling faults, and bridging faults. 

By embedding the test logic directly within the chip, MBIST simplifies testing across 

all memory instances. 

Automation: MBIST automates the testing of memory components, reducing the need 

for external testers and allowing for faster execution. It can be programmed to test 

various memory faults through patterns like March tests or moving-inversion tests. 

Integration with DFT: MBIST can be combined with other DFT techniques to provide 

comprehensive coverage. For example, MBIST may be run in parallel with scan chain 

tests, further increasing the efficiency of the testing process. 

 

1.1 DFT 

Design for testing or design for testability (DFT) consists of IC Design techniques 

that add testability features to a hardware product design. The development and 
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application of manufacturing tests to the designed hardware is facilitated by the 

additional features. Manufacturing tests are performed to confirm that there are no 

manufacturing flaws in the product hardware that might compromise its proper 

operation. DFT is included in the chip design and manufacturing process to guarantee 

that no manufacturing defects of any type occur in any of the chip's nodes. This entails 

creating the necessary test inputs and outputs, defining test features for the chip, and 

once the chip is manufactured, testing the chip for flaws. 

For semiconductor design and manufacturing organizations, DFT is crucial because 

it helps prevent the enormous costs and delays that arise from discovering faults after 

the chip has been sold to the client. It is a preventative measure to separate out 

individual packed units and faulty dies. Tests for functional verification are not related 

to DFT. Functionality tests are necessary to confirm that the chip fulfills its intended 

purpose, and DFT examines every node regardless of its functional role to guarantee 

that errors and manufacturing defects that are overlooked in functionality tests are 

also found and fixed [1]. Key elements of DFT include: 

Testability Features: These are design techniques embedded into the IC layout to 

enable comprehensive testing. Examples include scan chains, built-in self-test (BIST) 

structures, and test access mechanisms (TAMs) that facilitate the application and 

observation of test patterns. 

Manufacturing Tests: These tests are applied during production to verify the 

correctness of the fabricated ICs. They aim to detect manufacturing flaws that could 

impair the functionality or reliability of the final product. 

Preventive Measures: DFT serves as a preventive measure against the discovery of 

faults after the ICs have been deployed in real-world applications. This helps 

semiconductor companies avoid costly recalls, reputation damage, and customer 

dissatisfaction. 

Complementary with Functional Testing: While functional tests validate whether the 

chip performs its intended operations correctly, DFT ensures that every node within 

the chip is thoroughly inspected for defects, even those not directly related to 

functionality. This comprehensive approach enhances overall product quality. 

At a higher level there is a central TAP which is connected to the BIST engines which 

are scattered across the chip, The TAP is connect to BIST engines through BAP. TAP 

is also connected the BISR controller to access the repair information. [4] 
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1.1.1 MBIST 

A significant portion of VLSI circuits are made of memories. The design of memory 

systems aims to store enormous volumes of data. Flip-flops and logic gates are not 

part of memories. Therefore, in order to test memory, several defect models and test 

procedures are needed. The self-testing and repair mechanism known as memory built 

in self test (MBIST) examines the memories using a powerful set of algorithms to 

identify potential faults such as coupling (CF), neighbourhood pattern sensitive faults 

(NPSF), stuck-at (SAF), and transition delay faults (TDF) that may exist inside a 

typical memory cell. To create the test patterns for the test, it makes use of an 

integrated clock, address and data generators, and read/write controller circuitry. 

Since memory cells in a common memory model are interconnected in a two-

dimensional array, it is necessary to analyse memory cell performance in relation to 

the array structure. The "storage node" and the "select device" are the two main parts 

of the memory cell in the array structure. The memory cell can be addressed for 

read/write access in an array with the help of the "select device" component. Both of 

these factors affect memory scaling constraints. 

  

External test patterns are applied as a stimulus during the automated tested equipment 

(ATE) testing procedure for the produced chip design verification. The tester 

examines the device's reaction and compares it to the golden response, which is kept 

in the test pattern data [9]. With advancements in semiconductor technology, the size 

and complexity of memory in ICs have grown tremendously. Testing these embedded 

memories using traditional external test equipment becomes challenging due to 

factors such as: 

Access Issues: Many embedded memories are deeply integrated within the chip and 

are difficult to access externally without disrupting the surrounding logic. 

Test Time and Cost: As the memory size grows, applying test patterns from external 

testers becomes more time-consuming and expensive. 
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Fault Coverage: Embedded memories are prone to defects like stuck-at faults, 

transition faults, and coupling faults, which need thorough testing to ensure reliability. 

MBIST addresses these challenges by incorporating test logic into the IC design, 

allowing the memory to test itself with minimal external intervention. This is crucial 

for achieving high fault coverage with reduced test time and cost. MBIST, which 

incorporates all of these features into a test circuit that surrounds the memory on the 

chip. It uses a finite state machine (FSM) to create stimuli and evaluate the responses 

that come from recollections. The additional self-testing circuitry serves as the 

memory's and the high-level system's interface. This interface reduces the difficulties 

associated with testing embedded memories by enabling controllability and 

observability. The requirement for an external test pattern set for memory testing is 

significantly reduced because the FSM offers test patterns for memory testing [1]. 

Key Features of MBIST Include: 

Self-Sufficiency: MBIST enables memory to test itself using built-in circuitry. This 

reduces dependency on external Automatic Test Equipment (ATE), thereby lowering 

test costs and improving scalability. 

Automated Test Execution: The MBIST controller is responsible for generating test 

patterns, applying them to the memory, and analyzing the results. This process is 

automated and can be executed at different stages of the chip's lifecycle, including 

during production and in-field testing. 

  

Fault Diagnosis: In addition to detecting memory faults, MBIST can also provide 

diagnostic information to help locate the exact memory bit or array causing the 

failure. This diagnostic capability is especially important for yield improvement 

during chip manufacturing. 

Built-In Repair Mechanism: Some advanced MBIST implementations are integrated 

with Built- In Redundancy Analysis (BIRA) or Built-In Repair Analysis (BIRA). This 

allows defective memory cells to be bypassed or replaced with spare rows or columns, 

improving the yield of the manufacturing process. 

Test Algorithms: MBIST can execute various memory test algorithms to detect 

different types of memory faults. Some commonly used algorithms include: 
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March Tests: A widely used class of memory test algorithms that detect common 

faults like stuck-at, transition, and coupling faults. 

Walking 1/0 Test: A simple test pattern where a single bit is moved through the 

memory array to detect address and data line issues. 

Checkerboard/Inverse Checkerboard: This pattern alternates 1s and 0s in a 

checkerboard arrangement, testing for coupling faults between adjacent memory 

cells. 

Moving Inversion Test: A test that writes a pattern to the memory and reads it back 

after inverting all the bits to check for faults like stuck-at and transition faults. 

MBIST has many advantages such as, 

Reduced Test Time: Since MBIST operates at the internal clock speed of the IC, it 

can test large memory arrays faster than traditional external testing methods, which 

are often limited by the speed of external test equipment. 

Cost-Effectiveness: MBIST reduces the need for expensive external testers, 

especially for large memory arrays. The test can be conducted on-chip, reducing the 

overall test cost. 

Improved Test Coverage: MBIST provides high fault coverage by enabling more 

comprehensive test algorithms and accessing internal nodes that may be difficult to 

reach with external testing. 

In-Field Testing: MBIST can be used for post-production testing, such as in-field 

diagnostics or reliability checks, making it ideal for mission-critical applications 

where long-term reliability is essential. 

Support for Memory Repair: In cases where redundant memory cells are available, 

MBIST can be combined with repair mechanisms to replace faulty memory cells, 

improving overall yield. 

 

 

1.1.2. IJTAG  

IJTAG, formally known as IEEE 1687-2014, is an extension of the traditional JTAG 

(Joint Test Action Group) standard, specifically created to address the growing 
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complexity of system-on- chip (SoC) designs that contain numerous embedded 

instruments. While the traditional JTAG (IEEE 1149.1) was initially developed for 

testing and debugging at the printed circuit board (PCB) level, the increased use of 

embedded test structures within ICs required a more sophisticated mechanism for 

access and control. IJTAG was introduced to manage these instruments within 

complex integrated circuits, offering more flexibility and scalability. IJTAG provides 

a standardized method to access, configure, and control embedded instruments, such 

as: Built-In Self-Test (BIST) engines, Power and temperature sensors, Performance 

monitors, Memory BIST (MBIST), Other test, measurement, or debug instruments 

integrated within an IC. Key features of IJTAG are, 

Instrument Connectivity Language (ICL): ICL is used to describe the hardware 

structure of embedded instruments within an SoC and how they are interconnected. It 

essentially defines the instrument network topology within the chip. ICL specifies the 

access protocols, addressing, and the paths required to connect to each instrument. It 

enables automated procedures for accessing and managing the instruments. By 

providing a standardized description of the hardware connections, ICL helps 

streamline the integration of embedded instruments into the test flow, allowing for 

the automatic generation of access procedures during test development. 

Procedural Description Language (PDL): PDL complements ICL by describing the 

procedures and operations that can be performed on the embedded instruments. This 

includes details on how to Initialize an instrument, configure it, retrieve data from it, 

Execute tests or diagnostic routines. PDL is used to automate the execution of these 

procedures, enabling efficient communication between test systems and embedded 

instruments. With PDL, designers can create reusable scripts to access instruments 

without having to know the low-level details of how they are connected. This 

simplifies test development and increases test automation. 

Network Reconfiguration: IJTAG introduces a mechanism for dynamic network 

reconfiguration, which allows the instrument access network to be reconfigured in 

real-time. This dynamic reconfiguration allows for selective bypassing of instruments 

that are not needed for a particular test, reducing access time and optimizing the 

performance of the test. By dynamically adjusting the network configuration, IJTAG 

enables efficient testing of specific instruments without the need to traverse the entire 

network, improving test speed and reducing overall test complexity. 
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Scalability: One of the strengths of the IJTAG standard is its scalability. It is designed 

to support a wide range of device sizes, from small ICs with a few embedded 

instruments to large SoCs with hundreds of instruments. The IJTAG architecture can 

handle SoCs that contain a diverse set of instruments and hierarchical structures, 

making it ideal for use in modern semiconductor devices that integrate various 

sensors, test engines, and performance monitors. IJTAG provides a scalable solution 

that grows with the complexity of the chip, without significantly increasing overhead. 

Integration with Existing JTAG Infrastructure: IJTAG is designed to work seamlessly 

with the existing JTAG infrastructure (IEEE 1149.1). It leverages the TAP (Test 

Access Port) interface and does not require any additional pins beyond the standard 

JTAG four- or five-pin interface. This backward compatibility ensures that IJTAG 

can be adopted in existing test setups without requiring significant hardware or 

process changes. It makes it easier for semiconductor companies to integrate IJTAG 

into their current workflows, as they can use the same JTAG controller to access 

embedded instruments. By extending the capabilities of the traditional JTAG 

standard, IJTAG allows designers to manage embedded instruments more efficiently, 

without having to develop custom access methods for each new design. 

IJTAG provides a standardized framework for accessing and controlling a variety of 

embedded instruments. This simplifies the design and integration of instruments such 

as BIST engines, sensors, and monitors into an SoC, enabling better test coverage and 

easier diagnostics. With the use of ICL and PDL, IJTAG allows for the automatic 

generation of test procedures and access methods for embedded instruments. This 

increases the level of automation in the test development process, reducing the time 

and effort required for test generation. The ability to dynamically reconfigure the 

instrument network means that IJTAG can optimize test access paths, reducing the 

time taken to reach and test specific instruments. This leads to faster test execution, 

especially in large, complex SoCs. IJTAG enables precise control and configuration 

of instruments that monitor the operational health of a chip. This allows for better 

diagnostics, helping designers pinpoint specific areas of failure or performance issues 

during production testing or field operation. As SoC designs scale up in size and 

complexity, IJTAG provides a scalable and flexible architecture to manage 

increasing numbers of embedded instruments, without significant increases in test 

overhead. By integrating with the existing JTAG infrastructure, IJTAG does not 
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require additional interface pins or specialized hardware, making it a cost-effective 

solution for accessing and managing embedded instruments. [8] 

 

1.1.3. Tessent 

Tessent is a comprehensive suite of semiconductor test and yield analysis solutions 

provided by Mentor, a Siemens business. One of its most powerful capabilities lies in 

Memory Built-In Self- Test (MBIST), which is used to automate the testing and 

diagnosis of embedded memories within integrated circuits (ICs). Tessent MBIST 

tools enable designers to implement, verify, and analyze built-in self-test and repair 

features for embedded memories like SRAM, DRAM, ROM, and flash. These tools 

are critical in ensuring high reliability and fault coverage while minimizing test costs 

and efforts during production. 

Tessent’s MBIST solution is designed to ensure that, High fault coverage is achieved 

to identify various types of memory faults such as stuck-at faults, transition faults, 

and coupling faults. In- field testing and repair of memory faults are facilitated. 

Testing is optimized for both speed and efficiency, particularly in modern, highly 

complex SoC designs. Key Features of Tessent MBIST are as listed: 

Tessent provides tools to automatically generate MBIST logic and test patterns for a 

wide range of memory types. The generated MBIST ensures thorough testing by 

applying various memory fault models and patterns, such as March algorithms, to 

detect defects effectively. The tool optimizes the generated test patterns to minimize 

testing time and silicon overhead, thus ensuring that the embedded MBIST does not 

significantly impact the overall performance of the chip. 

One of the standout features of Tessent MBIST is its ability to integrate seamlessly 

into existing semiconductor designs. It generates the necessary MBIST circuitry with 

minimal impact on the device's area, power consumption, and performance. Tessent 

MBIST logic can be added to the design without requiring major modifications, 

preserving the original functionality of the chip while adding comprehensive test 

capabilities [2]. 

Tessent provides advanced fault simulation capabilities, allowing designers to 

evaluate the effectiveness of MBIST patterns. Fault simulation helps in assessing the 

test coverage of MBIST for various fault models, enabling designers to make sure 
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that all potential failure modes of the memory are detected. The simulation 

environment allows verification engineers to identify gaps in fault coverage and to 

fine-tune test patterns, ensuring that memory defects will not escape during 

production testing. 

In addition to detecting faults, Tessent MBIST includes robust memory repair 

mechanisms. Tessent’s Built-In Repair Analysis (BIRA) or Built-In Redundancy 

Analysis (BIRA) tools allow for automatic identification of faulty memory locations 

and their replacement with redundant memory rows or columns [3]. This repair 

feature helps improve manufacturing yield by allowing chips with minor defects to 

be repaired and used rather than discarded, significantly reducing production waste 

and cost. Tessent supports both soft (in-field programmable) and hard (fused) repairs, 

giving designers flexibility depending on the application’s requirements. 

Tessent MBIST incorporates power-aware test capabilities. In modern semiconductor 

designs, power management is critical, and testing must account for different power 

modes (e.g., sleep mode, power-down mode). Tessent allows memory to be tested 

under various power conditions, ensuring that low-power features do not introduce 

new defects. Power-aware testing reduces power consumption during testing and 

ensures that memory elements in power-gated or clock- gated domains are properly 

tested and verified. 

Tessent MBIST provides comprehensive diagnostic tools to pinpoint the exact 

location and type of memory faults. Diagnostic capabilities allow designers to identify 

the root cause of memory failures, leading to faster debug and more targeted yield 

improvement efforts during production. This feature is particularly useful for design 

teams trying to improve yield and address specific failure modes in a memory-

intensive SoC. 

Tessent allows users to implement custom MBIST algorithms tailored to specific 

memory architectures or performance needs. While standard algorithms like March 

C and March X are widely supported, users can also define custom test strategies to 

handle unique memory configurations and fault models. Customizable algorithms 

enhance flexibility and enable designers to focus on specific faults or performance 

targets. 

Tessent MBIST supports various types of memories, including: SRAM, DRAM, 

ROM, Flash and embedded memories. [3] 
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1.1.4. VCS 

VCS is a high-performance simulation and verification tool commonly used in digital 

design and verification processes. It is developed by Synopsys, a leading provider 

of electronic design 

automation (EDA) software and services. VCS is widely utilized for simulating and 

verifying digital designs described in hardware description languages (HDLs) like 

Verilog, System Verilog, and VHDL. 

VCS is known for its high simulation speed and efficiency, making it suitable for 

complex and large-scale designs, it uses advanced algorithms to optimize simulation 

performance, allowing faster execution of testbenches and verification tasks. This is 

crucial in modern IC design, where verifying huge systems-on-chip (SoCs) can take 

a significant amount of time. VCS supports multiple hardware description languages, 

including Verilog, System Verilog, and VHDL, making it versatile for use in various 

design environments. This allows engineers to verify designs using their preferred or 

required HDL. 

It provides powerful debugging capabilities, it integrates with Synopsys' waveform 

viewer, like DVE (Design Visualization Environment), to provide a detailed view of 

the simulation results. Engineers can visualize signal transitions and relationships, 

helping them pinpoint issues in the design. VCS allows for interactive debugging 

during simulation, where engineers can step through the code, monitor signal values, 

and control the simulation process. This real-time interaction helps in isolating and 

fixing issues more efficiently. The tool provides a way to trace the behavior of specific 

signals through different parts of the design, making it easier to track down the root 

causes of functional or timing issues.[7] 

VCS supports System Verilog Assertions (SVA), a key feature in assertion-based 

verification. Engineers can embed assertions directly into their code to monitor for 

design violations during simulation. This helps in catching and isolating bugs early in 

the verification process. VCS provides support for functional coverage, enabling 

comprehensive analysis of the verification process. Engineers can define functional 

coverage points to ensure that the design has been thoroughly tested for all possible 

scenarios and corner cases. This ensures design correctness and completeness of the 

verification process. VCS fully supports UVM (Universal Verification 
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Methodology), which is a standardized framework for creating reusable and scalable 

verification environments. UVM allows engineers to build modular testbenches that 

can be reused across different projects, improving efficiency and reducing 

verification time. VCS is highly optimized for System Verilog, which is commonly 

used in advanced verification methodologies. It supports features such as 

constrained random stimulus generation, coverage-driven verification, and 

object-oriented testbench creation. For legacy projects, VCS also offers strong 

support for VHDL simulation. 

VCS has the capability to verify mixed-signal designs, integrating analog and digital 

simulation. This feature is essential for verifying complex systems that combine 

digital logic with analog components, such as ADCs, DACs, or mixed-signal SoCs. 

VCS includes features for power- aware simulation to verify the functionality of low-

power designs, ensuring that power management strategies like clock gating, power 

gating, and voltage scaling are implemented correctly and do not introduce functional 

errors. VCS allows running large-scale regression tests efficiently. It supports parallel 

simulation, leveraging multi-core processors and distributed computing environments 

to run multiple simulations concurrently. This improves throughput and reduces the 

time to complete large verification tasks. [7] 

 

1.1.5. Verdi 

Verdi is a sophisticated debugging and visualization tool used in the field of digital 

design and verification. It is developed by Synopsys, a leading provider of electronic 

design automation (EDA) tools. Verdi is particularly well-suited for debugging 

complex digital designs described in hardware description languages (HDLs) such as 

Verilog, System Verilog, and VHDL. The tool is designed to provide engineers with 

advanced debugging capabilities and enhanced visualization of simulation results. 

Verdi offers a user-friendly graphical environment that allows engineers to debug and 

analyze their digital designs efficiently. It supports transaction-based debugging, 

enabling engineers to trace and analyze transactions in their designs at a higher level 

of abstraction. Verdi integrates waveform and source code views, providing a 

comprehensive understanding of the design's behavior. Engineers can visualize the 

hierarchy of their designs graphically, making it easier to navigate and understand 
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complex structures. Verdi supports the analysis of functional coverage data, allowing 

engineers to assess the completeness of their verification efforts. It provides insights 

into code coverage, helping identify untested portions of the design. [4] 

 

1.2  Motivation 

 

Since deep sub-micron devices have multiple memories that require a small footprint 

and quick access times, an automated test method is necessary to minimize ATE time 

and expense. The need to test memory defects and its capacity for self-repair is not 

entirely covered by conventional DFT approaches. MBIST, which incorporates test 

and repair circuitry into the memory itself and offers a respectable yield, offers a 

viable answer to this problem. The need to test memory defects and its capacity for 

self-repair is not entirely covered by conventional DFT/DFM techniques. MBIST, 

which incorporates test and repair circuitry into the memory itself and offers a 

respectable yield, offers a viable answer to this problem. The purpose of this paper is 

to enlighten readers about the MBIST architecture, several memory fault models, 

algorithmic testing of such models, and memory self-repair mechanisms. 

 

1.3   Problem Definition 

To understand the role MBIST, it’s validation and memory repair in VLSI Flow and 

perform the process on the given IP partition. The challenge is to develop a 

comprehensive and efficient memory testing and repair framework that can identify 

and rectify memory faults in a variety of scenarios. This includes addressing 

manufacturing defects, wear-out effects, and intermittent faults to enhance overall 

memory reliability, to develop methods for detecting manufacturing defects, such as 

stuck-at faults, bridging faults, and pattern-sensitive faults, to explore repair 

mechanisms for correcting identified faults, including redundant element activation, 

error correction codes (ECC), and spare cell utilization, to optimize testing and repair 

algorithms to minimize the time required for memory diagnostics and correction, 

ensuring minimal impact on overall system performance. 
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1.4   Objectives 

 

• Understanding memory testing and memory repair importance in VLSI design 

flow. 

• Inserting and validating MBIST logic on the given IP partition. 

• Generating MBIST TAPs and validating them. 

• Generating different kind of patterns for SOC level validation 

 

. 
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CHAPTER-2 

 

LITERTAURE REVIEW 

 

Design for Testability (DFT) refers to the incorporation of specific design techniques 

that improve the ability to test and diagnose integrated circuits (ICs) after they are 

manufactured. DFT is critical in modern chip design due to the complexity and 

miniaturization of electronic systems, which makes it challenging to ensure fault-free 

functionality in devices. DFT is primarily focused on identifying potential faults 

during the testing process. Common fault models include: 

• Stuck-at Faults: A line in a circuit is permanently stuck at a logic high ('1') or 

logic low ('0'). 

• Transition Faults: These faults model failures in signal transition from '0' to '1' 

or vice versa.  

• Bridging Faults: Occur when two signal lines in a circuit are mistakenly 

connected, leading to a short-circuit.  

• Delay Faults: Faults that cause signals to arrive late, resulting in timing failures 

in high-speed circuits.  

Test patterns must be generated to detect these faults effectively. These patterns are 

designed to expose faults by driving inputs and observing outputs. BIST is a DFT 

technique where testing capabilities are embedded within the chip itself, allowing for 

automated testing without external hardware. BIST is often used for memory, logic, 

and complex systems. A common DFT technique that involves connecting all flip-

flops in a circuit into one or more long shift registers (scan chains). This allows for 

easy shifting in of test vectors and reading out test results. Defined by the IEEE 1149.1 

standard, boundary scan allows for testing of interconnections between chips in a 

circuit board without using physical test probes. It’s particularly useful for highly 

dense boards with fine-pitch components. DFT designs aim to maximize the number 
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of faults that can be detected and diagnosed. High fault coverage is essential to ensure 

that defects are detected before products ship to customers. [1] 

 

Even though DFT has many advantages in chip testing and manufacturing it also has 

many challenges such as stated. As chip designs become more complex, the number 

of possible fault scenarios grows exponentially. Ensuring high fault coverage requires 

sophisticated test pattern generation and may increase test time and cost. Adding DFT 

structures (e.g., scan chains, BIST) can increase the chip area and complexity, 

potentially impacting performance and power consumption. A more comprehensive 

test procedure can significantly increase the time required to test each chip, which can 

lead to higher costs, especially in large-scale production. Timing faults and small 

delay defects, particularly in high-performance circuits, are challenging to detect and 

often require additional testing techniques like at-speed testing. [2] The share of 

embedded memories in systems-on-a-chip (SOCs) is growing. Memory is dispersed 

across the device as opposed to being concentrated in one area. Memories come in a 

variety of sizes and forms. It is challenging to test access to these memories via a 

small number of chip input/output pins. Memories can occupy a significant amount 

of space in a lot of designs nowadays. Because embedded memory yield determines 

chip yield, checking embedded memories using a pass/fail system is insufficient. A 

Design for Testability (DFT) technique called Memory Built-In Self-Test (MBIST) 

uses a portion of a chip, board, or system's circuit to test the circuit itself. The test 

vector for memory testing is provided by the FSM (Finite-State Machine) in the BIST 

controller itself. Thus, there is there is no need for external test vector for testing. [3] 

 

Memory Built-In Self-Test (MBIST) has become a critical component of Design-for-

Testability (DFT) in modern SoCs due to the rapid growth of embedded SRAM 

density and the increasing complexity of deep-submicron manufacturing processes. 

As SoCs integrate hundreds of distributed SRAM blocks operating at high 

frequencies, external testing becomes impractical, making MBIST insertion an 

essential step in ensuring yield, reliability, and cost-efficient test execution. 

 

A fundamental motivation for MBIST insertion is that SRAM arrays exhibit high 

sensitivity to manufacturing defects due to dense layout structures, complex bit-cell 
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interactions, and high operational speeds. Zhang et al. [9] highlight that SRAM often 

occupies over 70–90% of SoC area, making memory testing the dominant factor in 

overall chip test quality. Their implementation reused the SoC’s JTAG interface and 

on-chip PLL to perform at-speed MBIST on 677 SRAM blocks grouped into 36 

controllers. They show that low-speed MBIST fails to detect transition faults, whereas 

at-speed MBIST can identify memory failures that manifest only at functional 

frequency. This establishes the necessity of incorporating at-speed capabilities during 

MBIST insertion. 

 

In large SoC designs with thousands of SRAM instances, a key design challenge in 

MBIST insertion is how memories are grouped under MBIST controllers. Inefficient 

grouping increases area overhead, routing complexity, and test time. Yang et al. [10] 

present an efficient grouping strategy that divides the MBIST insertion flow into hard-

constraint grouping (clock domain, interference restrictions) followed by soft-

constraint optimization (power limits, distance limits). Their hybrid Greedy + 

Simulated Annealing method significantly reduces the number of controllers and 

offers better power and routing optimization compared to traditional ILP or heuristic-

only approaches. This demonstrates that MBIST insertion today is not only about 

algorithm choice but also about scalable controller planning. 

MBIST insertion must also integrate smoothly with the broader SoC DFT 

infrastructure. Jois and Ravish [11] emphasize the need for IJTAG-compliant 

registers, Segment Insertion Bits (SIBs), scan chains, EDT decompressors, and on-

chip clock controllers for proper test access and observability. Their work further 

stresses the requirement for secure access to test networks, introducing an 

authentication-based protection mechanism before enabling MBIST or other DFT 

components. Their findings underline that MBIST insertion is deeply tied to 

JTAG/IJTAG planning, with SIB networks determining which memory blocks are 

activated for test, and with secure configurations preventing misuse of test paths in 

delivered silicon. 
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CHAPTER-3 

 

METHODOLOGY 

 

 

3.1 MBIST Architecture 

Tessent MBIST provides a complete solution for the at-speed testing, diagnosis, repair, 

debugging, and characterization of embedded memories. The MBIST Architecture as 

shown in Figure. 3.1 consists of memories, where each memory is connected to its 

memory interface. These memory interface may have BIRA logic or may not depending 

on the memory. Repairable memories implement spare redundant rows or columns 

which enables the memory repair by directing the faulty rows or columns to the spare 

ones. If the memory is repairable, the interface consists of BIRA logic which can 

determine whether the memory is repairable, and its repair information based on the 

specified redundancy scheme. 

 

The repair solution is stored in BISR registers. All the BISR registers on the chip are 

connected to form BISR Chain. The BISR chain is connected to chip level BISR 

controller depending on the location of the Fuse box the interface signals between the 

Fuse box and the BISR controller is determined. The BISR controller compresses the 

content that is scanned out of BISR chain and writes the compressed data into the Fuse 

box. 
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Figure 3.1 MBIST Architecture [1] 

 

The BISR controller can also decompress the repair data in the Fuse box and scan in 

the BISR chain. At a higher level there is a central TAP which is connected to the BIST 

engines which are scattered across the chip, The TAP is connect to BIST engines 

through BAP. TAP is also connected the BISR controller to access the repair 

information. [8] 

 

 

3.2 MBIST Insertion 

MBISTArchitect can be invoked in two phases: BIST insertion phase and BIST 

generation phase. 

•  BIST Insertion Phase 

In the BIST Insertion phase, you can create BIST logic and insert that logic into your 

design, or you can insert already generated BIST into your design. 

•  BIST Generation Phase 

In the BIST Generation phase, you only generate BIST logic. You would use the BIST 

insertion phase to insert the logic you generated in this phase. 
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The BIST insertion phase has three modes: SETUP, BIST, and INT. 

SETUP Mode: In the Setup mode the screen prompt is SETUP> and all SETUP legal 

mode commands (commands like Load Library, and Load Design Object) are available, 

and can be used. 

BIST Mode: In the BIST mode the screen prompt is BIST> and all BIST legal mode 

commands (commands like Add New Controller, and Add Existing Controller) are 

available, and can be used. 

INT Mode: In the Integration mode the screen prompt is INT> and all INT legal mode 

commands (commands like Add Pattern Translation and Delete Patterns) are available. 

Switching between the above-mentioned modes is allowed using the set system mode 

command. The tool has three flows related to the insertion phase: top-down, bottom-

up, and block based. 

 

 

Top-Down Insertion Flow 

We can complete the BIST generation and insertion tasks in a single tool invocation 

when using the top-down insertion approach. BIST controllers are generated first, then 

they are inserted into the netlist and connected to the top-level design. The BIST 

circuitry is saved to intermediate files as a result of the generation activity, along with 

a controller test bench that only drives those files. The top-down insertion flow chart is 

displayed in Figure 3.2. 

A corrected version of the input chip or top HDL with the BIST circuitry inserted and 

connected is saved as a result of the insertion activity. Nothing about the original design 

or signal names is altered in the BIST-inserted output files the file structure of the input 

chip or top HDL is preserved. Lastly, you can complete the integration activity in this 

flow, which yields a top-level test bench that uses the integration patterns to drive the 

output netlist that has been inserted into the BIST. Afterwards you can verify the 

generated/inserted outputs by simulating the test benches. 
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Figure. 3.2 Flow chart of Top-Down insertion flow [5] 

 

Figure. 3.3 shows the circuit before BIST insertion using the top-down flow, where we 

can see there are no controllers that has been added whereas Figure. 3.4 shows the same 

circuit after MBIST insertion using the top-down flow, in which we can see the BIST 

controller which is referred to as Cont in the Figure. 3.4 has been added. Also, BIST 

inserted memory collars that surround the memory after the insertion which is not 

shown in the Figure. 3.4. 
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Figure. 3.3 Circuit before BIST insertion [5] 

 

 

Figure. 3.4 Circuit after BIST insertion [5] 

 

 

In the bottom-up insertion flow, the activities of BIST generation and BIST insertion 

are performed in two separate invocations of the tool. 

Block-based insertion flow is used where two or more teams are designing the chip in 

blocks. Using a block-based flow, each team can perform their BIST activities 

separately. Also, when performing the insertion activity on extremely large chip designs 

will need a powerful workstation to run the tool. If the CPU and workstation memory 

resources are limited, we can simplify the insertion activity by using the Block-Based 

Insertion Flow, which involves multiple invocations of the tool and breaks the large 

task of insertion into several smaller subtasks. The steps are as follows, 

BIST generation and insertion activity on a single design block. Repeat this step for all 

major memory related blocks in the design. 

 

 

BIST insertion activity on the top-level design, unifying the various design blocks of 

the previous step. 

MBIST Architect works from a library model, as well as a design netlist to do the 

insertion. The library model, along with a small set of application commands, is all the 

tool requires to generate the appropriate BIST circuitry. Below lists the set of files the 

tool requires: 
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Chip design files: These are the RTL design files for the chip or top level or the block 

level design files which depends on the insertion that is being used. 

 

Library files: These files describe the memory model for the BIST generation activity; 

the memory model provides all the information which are required by the tool to create 

BIST controller. 

 

Do file: This file includes list of valid MBIST architect commands. 

 

Config file: this includes all the collaterals which is specific to product. It contains clock 

information, different switch options that are specific to partition, type of memory and 

controller for memory instances. 

 

Following MBIST insertion, a series of algorithms is used to validate the partitions. The 

majority of the occurring memory errors have been shown to be detected by these 

memory test algorithms. Because the hardware required to generate the patterns is tiny 

and able to service numerous on- chip memories, several of these algorithms are ideally 

suited for BIST. 

 

The March tests are the most widely used algorithms. When values are written to and 

read from known places in memory, March tests produce patterns that "march" up and 

down the memory addresses. The memory size and word length can be automatically 

calculated by these algorithms by retrieving the appropriate values from the memory 

model. 

 

 

3.3 IEEE 1687 IJTAG Architecture 

The purpose of IEEE 1687 Internal JTAG (IJTAG) is to simplify the use of embedded 

instruments. The goal is to make it easier to implement these embedded instruments in 

a broader range of validation, testing, and debugging applications at the chip, board, 

and system levels. Chip and board levels will use the IEEE 1687 IJTAG standard. When 
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IJTAG is used in conjunction with a simulator or emulator for design verification, it 

can be particularly helpful for chip designers. Additionally, IJTAG will be implemented 

in system test environments and ATE test environments, where it will be used in yield 

analysis, chip characterization, chip debug/diagnostics, and chip testing. [8] The three 

main functional domains of this IJTAG ecosystem are Creation, Integration, and Use. 

The ’creation’ phase generally involves IP providers and IC logic designers who will 

design or use EDA tools, such as Verilog generators. ‘Integration’ will encompass 

collecting the IJTAG Register-Transfer Level (RTL) data and intellectual property (IP) 

from IP creators and placing this IP into chips. IC integrators will then perform 

verification, power analysis, timing closure, layout optimization, and other tasks. 

Integration will also include bringing together all the IJTAG 

Instrument Connectivity Language (ICL) and Procedure Description Language (PDL) 

files that will complete the bundle of embedded instrumentation IP and ensure its 

portability into multiple chip designs. Once a chip including IJTAG IP is fabricated, IC 

test, debug and yield analysis processes will begin the ‘use’ phase at the chip level. [11] 

Figure. 3.5. illustrates an IEEE 1687 IJTAG architecture at the chip level. The right side 

of the drawing shows the IJTAG network interfacing to IJTAG-compliant embedded 

instruments. The IEEE 1149.1 boundary-scan (JTAG) standard’s Test Access Port 

(TAP) is on the left. The TAP functions as the interface for the embedded 1687 IJTAG 

architecture to the world outside of the chip. Essentially, the boundary-scan TAP and 

its TAP Controller can access the embedded IJTAG instruments by accessing and 

operating the IJTAG network that connects the controller to the instruments. Several 

other IJTAG concepts are shown in this illustration, including the Segment Insertion 

Bit (SIB), ICL and PDL. 
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Figure. 3.5 IEEE 1687 IJTAG architecture [8] 

 

The left side of Figure. 3.5. shows a JTAG controller that interfaces the IJTAG network 

with embedded instruments to the chip’s pins. This controller generates the operating 

protocol for the embedded instrument access network. The IEEE 1687 IJTAG standard 

does not define this controller, but it does describe how the IJTAG network is connected 

to any controller through a mechanism known as an Access Link, which is defined in 

the standard. Currently, the only controller referenced in the 1687 IJTAG standard is 

the IEEE 1149.1 boundary-scan (JTAG) standard’s Test Access Port (TAP) and TAP 

Controller. However, the IEEE 1687 IJTAG standard’s Access Link allows for other 

controllers, such as a direct pin interface or other controllers besides the JTAG. Other 

controllers in addition to the JTAG controller could be defined in future extensions to 

the IEEE 1687 IJTAG standard. 

Regardless of controller type, such as JTAG, direct chip pins, SPI, I2C or others, the 

controller must provide the driving control and data interface signals to enable the IEEE 

1149.1 JTAG operations of Shift, Capture, Update, and Reset for the JTAG-like Test 

Data Registers (TDR) which comprise the IJTAG on-chip network. 
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On the right side of Figure. 3.5. is an embedded instrument. The composition of these 

embedded instruments is not defined in the IEEE 1687 IJTAG standard because the 

framers of the standard did not want to limit how instruments should be made by 

incorporating instrument restrictions into the standard itself. The only portion of an 

instrument that is defined in the IEEE 1687 IJTAG standard is the description of the 

signal interface connected to the instrument’s TDR on the IJTAG instrument access 

network. 

IJTAG embedded instruments are self-contained blocks of functionality. In addition to 

the interface to the IJTAG network, some instruments may also include the targets of 

their functionality. For example, a temperature monitoring instrument may also include 

a temperature sensor. The instrument controls its target, which in this case is the 

temperature sensor. The other alternative is for an IJTAG instrument to be composed 

of its interface to the instrument network (TDR) and the operational protocol for the 

target, but the target remains a separate standalone entity. An example of such an 

instrument might be a memory test instrument (memory BIST in Figure. 3.6) that is 

separate and independent from the memory itself. In addition to the memory test 

instrument, other instruments or other functionalities within the system could perform 

operations on the same memory. So, the IJTAG embedded instrument might be one of 

many units that would access and operate on the target. 

 

Figure. 3.6 An example embedded instrument showing location of PDL 

which enables IP portability [8] 
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An IJTAG network connects embedded instruments to the network controller. The goal 

of the architecture description in the IJTAG standard is to allow options, tradeoffs, and 

optimizations to be applied to the IJTAG network so the network may support operation 

and engineering tradeoffs, and so that network segments may have a measure of plug-

and-play portability. The IJTAG network is made of serial scan path bits that can be 

organized as either of two different types of objects: 1) Test Data Registers (TDR); or 

2) Segment Insertion Bit (SIB). Although the IEEE 1149.1 boundary-scan JTAG 

standard refers to an entire scan path within a chip as one TDR, within the context of 

the IEEE 1687 IJTAG standard the scan path connecting embedded instruments is more 

accurately described as a segment of the chip’s overall JTAG scan path which is made 

up of the individual TDRs that interface to each embedded instrument on the scan path. 

As a result, this IEEE 1687 on-chip IJTAG network is usually described as being 

comprised of tens or even hundreds of TDRs. TDRs are viewed as data bits associated 

with embedded instruments. 

An entire network or subsections of an IJTAG network of embedded instruments should 

always maintain a compliant separable signal interface. If a network is divided for some 

reason, the same separable interface should provide access to both subdivided segments 

of the original network. This separable 1687 IJTAG interface is what makes an IJTAG 

network portable. For example, an embeddable IP core might contain a whole and 

complete IEEE 1687 IJTAG 
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embedded instrument access network with multiple embedded instruments. When this core 

is integrated into a chip, the core’s IJTAG network and connected instruments can be easily 

integrated within a larger IJTAG access network that already exists on the chip by 

connecting the core’s IJTAG separable network interface to the control signals provided 

by the chip’s TAP that operates the IJTAG network on the chip. 

One of the main purposes for IEEE 1687 IJTAG is to provide effective management 

processes and procedures for the wealth of embedded instruments that are being integrated 

into today’s semiconductor devices. This can mean enabling a variety of capabilities, 

including the following: 

• Modifying the length of the scan path 

• Flexibly scheduling instrument operations 

• Operating multiple instruments concurrently, reducing test execution times or 

instrument operation times for multiple instruments 

• Coordinating instrument operations 

• Other types of instrument activities yet to be defined 

 

The SIB (Segment Insertion Bit) is one of the fundamental components specified in the 

IEEE 1687 IJTAG standard. Comparing a SIB to an IEEE 1149.1 boundary-scan 

shift/update cell reveals that the former dynamically configures an on-chip 1687 IJTAG 

scan path to satisfy a specific set of test vector requirements. A section of the chip's IJTAG 

scan path can be activated by "selecting" a particular SIB, which will then activate the 

instrument(s) on that section of the scan path. In contrast, "de-selecting" a SIB will make 

the instruments on that segment inaccessible and disable a section of the chip's overall scan 

route. Instruments on a deactivated segment of the scan path cannot be accessed as long as 

the scan path segment is deactivated, but they can still hold a state that operates an 

embedded instrument while their network segment is deselected (the rule is that a 

deselected scan segment must hold state for all operations except reset). This feature allows 

an instrument to be started, then sequestered away from other instruments while other 

operations are being conducted on the active scan path (as opposed to parking in the Run-
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Test-Idle state until the instrument has completed its function). The overall effect is that 

the length and composition of the scan path is dynamic. 

 

 

3.4 TAP Creation 

In a SoC there can be many such MBIST inserted IPs which will need to be connected to 

the Test Access Port (TAP) network for the SoC. The integration flow allows a user to 

specify one or more MBIST inserted IPs which they would like controlled by a single TAP 

and performs the following steps to integrate the IPs together with a TAP controller. 

1. Integration flow creates a pseudo-SoC Verilog wrapper in which all logic to be 

connected together will be placed. This wrapper is only present to provide a structure for 

the tool to operate on and will not be used by the SoC. 

2. Instantiates the MBIST Inserted IPs to be connected to the TAP within the pseudo-

SoC Verilog wrapper. 

3. Creates a Verilog wrapper used to encapsulate any TAP related logic into a single 

module. This wrapper is referred to as the “shell”. 

4. Instantiates TAP logic which will be used to control the MBIST inserted IPs within 

the pseudo-SoC Verilog wrapper. Alternately, the TAP logic can be generated by the tools 

during the integration step itself. 

5. Queries the TSDB for each MBIST inserted IP to determine what MBIST 

capabilities exist and what signals will need to be connected to the TAP controller. 

6. Builds a blueprint for the TAP/MBIST network it will create (called a DFT 

Specification). 

7. Creates connections between TAP controller and the BAP of the MBIST inserted 

IPs per DFT specification. If a TAP logic needs to be generated it is done during this step. 

8. Validates the TAP/MBIST network by ensuring it meets all MBIST requirements 

for each IP outlined in the TSDB files for each IP, creates a new TSDB for the complete 

TAP/MBIST network, generates an IEEE 1687 Instrument Connectivity Language (ICL) 

file for the TAP/MBIST network, and creates Intel specific information files which will be 

used by downstream integration tools to instantiate the TAP/MBIST network into the larger 

SoC TAP network. 
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3.5 Pattern Generation and Verification 

Tessent MemoryBIST uses a similar flow for generating patterns at the block, core, or top 

level. You typically generate only Verilog testbenches and not manufacturing test patterns 

at the block 

 

or core level, because that portion of the circuitry normally gets instantiated in a larger top-

level design. 

At the top level, you generate Verilog testbenches before signing-off the design. You then 

create Automated Test Equipment (ATE) test patterns, to apply as manufacturing tests on 

silicon devices. 

In bottom-up flows, MBIST-inserted lower-level blocks or cores are fully verified in a 

standalone fashion before being integrated into a larger design. This hierarchical DFT 

method enables completing MBIST insertion in smaller design portions, even though the 

rest of the design may not be ready yet. Because MBIST only requires valid clocks and a 

low-speed serial test access to run, verifying a block or core after it has been integrated 

into the full (top) design is greatly simplified. 

In top-down flows, MBIST insertion is done across the entire design at once. This 

methodology requires fewer steps overall than a hierarchical DFT insertion, however the 

MBIST insertion has to be verified across the entire design before it can be signed-off. This 

process consequently takes longer to perform and requires more computing resources than 

a hierarchical approach. This full-chip verification task typically happens at a very critical 

time (for example, when the chip is essentially completed and just about to tape out), so 

unexpected delays may impact the design schedule. 

The figure. 3.7 illustrates the pattern generation for MemoryBIST controllers that are 

inserted in a core or top design. We generate the following: 

• For the bottom-up flow, core-level Verilog testbenches 

• For the top-down flow, top-level manufacturing test patterns and Verilog testbenches 
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Fig 3.7 Pattern Generation Flow [5] 

 

 

3.5.1 Creating simulation testbench patterns 

Use this procedure to generate Verilog simulation testbench patterns that can be applied 

at the block, core, or top level. 

Signoff, or simulation testbench patterns, are generated by default. The test patterns 

only target controllers inserted in the current design. Controllers in lower level physical 

blocks can be included when the property 

simulate_instruments_in_lower_physical_instances is set to on in the 

DefaultsSpecification. All controllers are run in parallel. Additionally, for controllers 

with RAMs you can limit testing to address corners by setting the patterns specification 

property reduced_address_count to on. 

The required inputs for this step of the flow that you specify from the tool prompt or 

within the pattern generating dofile are as follows: 

• The TSDB (the tsdb_outdir) of a completed block, core or top-level design. 

• Extracted ICL for the current design portion (normally found in the TSDB). 

• Exported PDL with procedures for the current design (also found in the TSDB). 

• An RTL or gate-level netlist of the current design for sign-off simulations. 

The following procedure assumes the current design already went through MBIST 

insertion. Procedure 
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1. From a shell, invoke Tessent Shell using the following syntax: 

 

% tessent -shell 

2. Set the tool context to IJTAG patterns mode using the set_context command as 

follows: SETUP> set_context patterns -ijtag 

3. Open the TSDB with the open_tsdb command, if it is not already open (which 

would be the case if you just completed MBIST insertion within the very same Tessent 

Shell session). For example: 

SETUP> open_tsdb tsdb_outdir 

4. Unless it is already in memory, read the current design’s extracted ICL and TCD 

with the read_design command. For example: 

SETUP> read_design blockA -design_identifier rtl -no_hdl 

5. Set the current design with the set_current_design command. For example: 

SETUP> set_current_design blockA 

The TSDB is analyzed and all inserted DFT logic (including MBIST controllers) are 

identified. 

6. Create a pattern specification using the create_patterns_specification command. 

The example below sets a variable with the identification for the created specification, 

which can be used in modifying the specification if needed. 

SETUP> set pat_spec [create_patterns_specification] Memory BIST patterns are 

generated at this point. 

7. If wanted, follow this step to set reduced_address_count to off for testing the full 

address range of memories. Otherwise, continue to the next step. The process outlined 

can be modified to configure other properties within the pattern specification as needed. 

a. Specify the path to the wrapper containing the property. For example: 

SETUP>set

 wrap

 [get_config_elements

 -in_wrapper

 ${pat_spec}

 \ Patterns(MemoryBist_P1)/TestStep/MemoryBist] 

The variable $wrap now contains the full path. 
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b. Set the reduced_address_count property to the off setting. For example: 

SETUP>set_config_value reduced_address_count \ -in_wrapper ${wrap} off The 

patterns specification is now updated with the wanted property setting. 

c. Optionally, confirm the setting by inspecting the patterns specification: 

SETUP>report_config_data $pat_spec 

The patterns specification is displayed for examination. 

 

8. Process the pattern specification: 

SETUP> process_patterns_specification 

9. Point to the simulation library sources so all design files can be found. For 

example: SETUP> set_simulation_library_sources -y ./memlibs -extensions { v } 

10. Simulate the memory BIST testbenches with the following command: SETUP> 

run_testbench_simulations 

11. The above simulation can be monitored or checked with the following 

command: SETUP> check_testbench_simulations 

 

 

3.5.2 Creating manufacturing test patterns 

Use this procedure to generate manufacturing test patterns that can be applied at the top 

level. Generated patterns are grouped based on the number of asynchronous ATE clocks 

that can be active within one pattern. The number is based on the DefaultsSpecification 

max_async_clock_sources property that defaults to unlimited, placing all memory BIST 

controllers inside of a single pattern, operating in parallel and potentially belonging to 

different asynchronous frequency groups. 

Generated patterns can be further split into multiple test step or procedure step pattern 

files, to enable test program events such as VDD bumping or PMU measurements being 

inserted in the middle of the patterns. Refer to the AdvancedOptions/split_patterns_file 

property descriptions in the TestStep and ProcedureStep wrappers for more information 

about patterns file splitting. 



34 

 

 

Manufacturing test patterns always perform tests across the full memory address space. 

The patterns specification property reduced_address_count defaults to off, and unlike 

signoff patterns, it is not set to on when a controller is testing RAMs only. 

Manufacturing pattern files can be generated in WGL, STIL, STIL2005, TITD, FJTDL, 

MITDL, TSTL2 and SVF formats. The format you want can be specified with the 

PatternsSpecification manufacturing_patterns_formats property. When unspecified, the 

STIL format is generated. For a description of these formats, see the description of the 

format_switch argument of the write_patterns command. The required inputs for this 

step of the flow that you specify from the tool prompt or within the pattern generating 

dofile are as follows: 

• The TSDB (the tsdb_outdir) of a completed top-level design. 

• Extracted ICL for the current design (normally found in the TSDB). 

• Exported PDL with procedures for the current design (also found in the TSDB). 

Procedure 

1. From a shell, invoke Tessent Shell using the following syntax: 

% tessent -shell 

2.Set the tool context to IJTAG patterns mode using the set_context command as 

follows: SETUP> set_context patterns -ijtag 

3.Open the TSDB with the open_tsdb command, if it is not already open (which would 

be the case if you just completed MBIST insertion within the very same Tessent Shell 

session). For example: 

SETUP> open_tsdb tsdb_outdir 

4.Unless it is already in memory, read the current design’s extracted ICL and TCD with 

the read_design command. For example: 

SETUP> read_design blockA -design_identifier rtl -no_hdl 

5.Set the current design with the set_current_design command. For example: SETUP> 

set_current_design top 
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The TSDB is analyzed and all inserted DFT logic (including MBIST controllers) are 

identified. 

6.Create a pattern specification using the create_patterns_specification command. The 

example below sets a variable with the identification for the created specification, which 

can be used in modifying the specification if needed. 

SETUP> set pat_spec [create_patterns_specification manufacturing] 

Specifying the manufacturing usage option automatically adds the usage : 

manufacturing_test property to the PatternsSpecification. Memory BIST patterns are 

generated at this point. 

7.If you want, follow this step to specify the wanted pattern file format with the 

manufacturing_patterns_formats property in the PatternsSpecification. If the default 

STIL format is acceptable, continue to the next step. The process outlined can be 

modified to configure other properties within the pattern specification as needed. 

a.Using the variable set in Step 6, set the manufacturing_patterns_formats property to 

the wanted setting. For example, for WGL format: 

SETUP>set_config_value manufacturing_patterns_formats \ -in_wrapper ${pat_spec} 

Wgl The patterns specification is now updated with the new property setting. 

b.Optionally, confirm the setting by inspecting the patterns specification: 

SETUP>report_config_data $pat_spec 

The patterns specification is displayed for examination. 

8.Process the patterns specification with the process_patterns_specification command: 

SETUP> process_patterns_specification. 

 

3.5.3 Generated MBIST verification patterns 

A pattern specification for a MBIST-only design typically consists of: 

One ICL verification pattern 

One or multiple Memory BIST patterns 

ICL verification patterns are automatically created from extracted ICL of the current 

design. These patterns ensure the ICL description is correct and matches the design’s 
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implemented hardware. They check that all ICL-described Test Data Registers (TDRs) can 

be selected and have the expected length. 

Memory BIST patterns exercise implemented MBIST controllers by clocking the design 

with appropriate clocks and instructing every BIST controller to launch a memory test. The 

generated testbenches (or patterns) thus run MBIST against design memories. 

 

 

 

3.6 Memory BIST Diagnosis 

Using memory BIST to test embedded memories provides significant advantage over the 

direct pin access test methods for PASS/FAIL testing. However, in most cases, it is 

important to identify the source of physical failure in the memory. This is referred to as the 

Diagnostic process. 

Various diagnostic levels can be implemented on the chip depending on the diagnostic 

objectives. The following list provides various diagnostic levels and highlights the 

objectives of each level: 

• Memory-Only Level 

o Identifies the failing memory only. 

o Is useful for small memories, where no root cause analysis is required. 

• Memory Address Level 

o Identifies the failing address in a memory. 

o Provides limited failing address mapping. 

o Is useful for applications where soft repair based on address mapping is used. 

 

• Real Time Bit Line Diagnosis 

o Identifies the failing column/row in a failing memory. 

o Is useful for offline repair. 

• Offline Bitmapping 

o Mapping the failure to bits in memory. 

o Useful when detailed root cause analysis is to be performed for yield 

improvements. 

• Online (Real Time) Bitmapping 
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o Maps the failure to bits in memory. 

o Provides short diagnostic time; however, it requires significant tester memory and 

might require specific hardware to be implemented on the chip. 

The most basic diagnostic feature enabled by memory BIST is shown in Figure 3.8. In this 

case, the memory BIST controller routes one or more compare status signals straight to 

chip pins. Cycle-by-cycle comparison findings are provided by these compare status 

signals. It is possible to set a comparison status output to represent anything from a single 

word in memory to an entire word. The tester can monitor each of these outputs since they 

are all directly wired to pins. The compare status diagnostics method is included into the 

memory BIST controller when the CompStat property of the ETPlanner configuration file 

is set to Yes or SharedWithGo. 

 

 

Fig. 3.8 Standard Diagnostic Approach Using Parallel Compare Status Lines [5] 

 

This approach requires the tester to capture the Compare Status data at the same rate as the 

memory BIST controller run. It is common to run memory BIST on internally generated 

clocks which can be faster than the test clock. In this case, a purely scan-based diagnostic 

methodology also is supported, as shown in Figure. 3.9. Because the memory BIST 

controller has an error count register that is scan initialised before to each run, this 

technique is known as Stop-On-Nth- Error. The controller stops when it encounters several 

faults that match the number listed in the error register. This allows for the extraction of all 

relevant error data from the controller, including the algorithm step, address, failing bit 

position, and other details. By iteratively scanning in subsequent error counts and running 

the controller, all bit fail data can eventually be extracted. The Stop-On-Nth-Error 
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diagnostics option can be generated by memory BIST using the StopOnErrorLimit 

property of the ETPlanner configuration file. 

 

 

Fig. 3.9 Diagnostic Approach Using Stop-On-Nth-Error Serial Scan [5] 

 

3.7 Implementation and Verification of Memory Repair 

Repairable memories are popular in today’s designs. However, the failure data 

collection, redundancy analysis, and memory repair access increase the design 

complexity. Furthermore, when a chip has multiple repairable memories, a solid 

infrastructure must be developed to integrate the repair analysis and fuse box 

programming at the chip level so that the memories can be repaired at chip power-up. 

Memory repair can be used to improve manufacturing yield of integrated circuits. 

Tessent MemoryBIST supports all types of memory repair: column repair, row repair, 

or a combination of both. Column repair includes replacing single columns or blocks of 

columns up to the full width of a column multiplexer. The full width case is often 

referred to as IO repair. Row repair includes replacing blocks, rows, or even a subset of 

a row, down to a single word. 

 

Spare rows and columns are incorporated to the memory itself by the memory compiler. 

The memory repair characteristics must be described in the memory library file provided 

to the Tessent MemoryBIST tools. 
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Memory repair is performed in two steps. The first step consists of analyzing failures 

reported by the memory BIST controller during the test to determine if the memory is 

repairable and, if repairable, determining the values to be applied to the repair inputs of 

the memory. 

The figure. 3.10 below shows the top-level architecture of the BISR chain and the BISR 

controller. A central fuse box is connected to a chip-level BISR controller. The central 

fuse box can be instantiated inside or outside the BISR controller module. When the 

fuse box is located outside the BISR controller module, extra connections between the 

fuse box and the BISR controller are required. 

 

Fig. 3.10 Chip level repair architecture [6] 

 

All repairable memories in the chip have a corresponding BISR register that holds a 

repair solution. All BISR registers in the chip are connected to form a chip-level BISR 

scan chain. The BISR chain is connected to a chip-level controller called a BISR 

controller. The BISR controller compresses the content of the BISR chain as it is 

scanned out of the BISR chain and writes the compressed data into the fuse box. The 

BISR controller can also decompress repair data from the fuse box and scan it in the 

BISR chain. The BISR controller works in conjunction with a BIRA 
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(Built-In Redundancy Analysis) module that provides the repair fuse values calculated 

from memory failure data. 

Repairable memories implement spare or redundant rows or columns, enabling access 

to any faulty row or column to be redirected to a redundant element. The existing 

memory BIST diagnostic capabilities, such as the Compare Status pins diagnostic 

approach and the Stop-On- Nth-Error diagnostic approach, are not optimal solutions for 

the repair analysis of repairable memories. Each solution requires large test times or 

state-of-the-art high-speed memory testers. In addition, analysis of the results must be 

done afterwards to determine if a memory is repairable and what repair, if any, is 

required. To facilitate repairable memories in production testing environments, you can 

use the Built-In Repair Analysis (BIRA) feature to determine if a memory is repairable 

and the repair information based on the specified redundancy scheme. Memories with 

redundant IO as shown in Figure. 3.11 or Column elements as shown in Figure. 

3.12 can be used to improve chip yield. IO repair replaces an entire memory sub-array 

and the associated columns for an IO, whereas column repair replaces a single column 

across one or more IOs. For IO replacement, the memory is repairable when one or more 

faults are along the same column, or one or more failing columns are within the same 

memory IO. In the column replacement mechanism, a single column is duplicated. The 

redundant element can repair one failing column across one or more memory IOs. For 

column replacement, the memory is repairable when one or more faults are along the 

same column or exactly one failing column is within the specified scope of repair. 
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Fig. 3.11 Example of a memory with redundant IO [6] 

 

 

 

Fig. 3.12 Example of a memory with redundant column [6] 
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In the Row replacement mechanism, additional rows are built into the memory array. These 

redundant elements can repair any failing row within the entire memory or within a specific 

bank. The replacement mechanism depends on the memory design. For instance, a 

redundant element might replace a single physical row in one implementation, while 

another scheme always replaces multiple consecutive rows even if there is only one row 

failure. 

 

3.8 Algorithms 

Most typical memory errors have been found to be detectable using memory test 

techniques. Since many of these algorithms can service numerous on-chip memory and the 

hardware needed to generate the patterns is tiny, they are well suited for built-in self-testing 

(BIST). The March tests are the most widely used algorithms. When values are written to 

and read from known places in memory, March tests produce patterns that "march" up and 

down the memory addresses. The memory size and word length can be automatically 

calculated by these algorithms by retrieving the appropriate values from the memory 

model. March2 is the standard algorithm used to test RAMs. The default algorithm for 

testing ROMs is the rom1 (rom) algorithm. Key features of March tests include, Sequential 

Pattern Execution: The test reads and writes values in a sequential manner, moving up and 

down through memory addresses. This ensures that various types of memory access 

patterns are tested, increasing the likelihood of detecting faults. Bidirectional Testing: 

March tests go both up and down the address space, increasing test coverage and ensuring 

no memory locations are skipped. Automated Size and Word Length Detection: The 

algorithms can automatically calculate the memory size and word length by interacting 

with the memory model, eliminating the need for manual configuration. Common March 

algorithms are: 
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Step Direction Operation Data/Transition 

0 UP W 0 

1 UP RW 0 -> 1 

2 UP RW 1 -> 0 

3 DOWN RW 0 -> 1 

4 DOWN RW 1 -> 0 

5 DOWN R 0 

Table 3.1 Step Level Execution Sequence for March C 

 

Step Direction Operation Data/Transition 

0 UP W 0 

1 UP R 0 

2 DOWN W 1 

3 DOWN R 1 

Table 3.2 Step Level Execution Sequence for March LR 

 

Step Direction Operation Data/Transition 

0 UP W 0 

1 UP RW 0 -> 1 

2 UP RW 1 -> 0 

3 UP RW 0 -> 1 

4 DOWN RW 1 -> 0 

5 DOWN RW 0 -> 1 

6 DOWN R 0 

Table 3.3 Step Level Execution Sequence for March SS 
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Step Direction Operation Data/Transition 

0 UP W 0 

1 UP RW 0 -> 1 

2 DOWN RW 1 -> 0 

3 UP RW 1 -> 0 

4 DOWN RW 0 -> 1 

5 DOWN R 0 

Table 3.4 Step Level Execution Sequence for March Y 

 

 

Step Direction Operation Data/Transition 

0 UP W 0 

1 UP R 0 

2 UP R 0 

3 DOWN W 1 

4 DOWN R 1 

5 DOWN R 1 

Table 3.5 Step Level Execution Sequence for March SR 

 

ROM1 for ROMs: The rom1 (ROM) algorithm is typically used as the default testing 

algorithm for ROMs (Read-Only Memories). ROM testing algorithms are simpler than 

those for volatile memories because ROM data is non-volatile and not subject to frequent 

writes. ROM1 checks the integrity of stored data by reading each address and comparing 

it against expected values. Since ROMs cannot be written to in real-time during testing, the 

algorithm focuses on reading and verifying that no data corruption has occurred in storage. 

It is possible to implement additional algorithms that are not part of the Tessent library; 

these are typically called custom or User-Defined Algorithms (UDAs). These situations 

arise when, The memory architecture is unique and not fully testable by default algorithms. 

Specific fault models must be targeted that standard algorithms do not cover. 

Characteristics of UDAs: Custom Fault Models: UDAs can be tailored to detect specific 
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fault types, such as inter-cell faults, data retention faults, or timing-related issues that may 

not be adequately covered by traditional tests. 

 

 

3.9 Methodological Framework 

Now the objective of this work is to evaluate the contribution of individual test steps in 

these algorithms, as well as determining whether these test steps do not make any 

contribution to fault detection. By identifying these non-contributing test steps, it is 

possible to reduce MBIST test time without compromising fault coverage. The first step of 

the methodology is centered on modelling the structure of different March algorithms that 

have been widely used for MBIST test generation. In this paper, five different March 

algorithms have been considered, namely March C, March LR, March SS, March SR, and 

March Y. Each of these algorithms is represented as an ordered sequence of operations 

over all memory addresses. Each step of these algorithms is represented as a tuple of three 

parameters, namely address traversal direction, operation type, and data value or transition. 

The address traversal can be either UP (i.e., in ascending order) or DOWN (i.e., in 

descending order). The operation can be either write (denoted as W), read (denoted as R), 

or read-write (denoted as RW), while the data field can be either 0 or 1 or can denote a 

transition from 0 to 1 or 1 to 0. 

The second part of the methodology is implementing an exhaustive fault injection model 

that will test the effectiveness of each step in identifying memory faults. The four fault 

models considered in this part of the methodology are stuck-at-0 (SA0), stuck-at-1 (SA1), 

transition faults (TF), and coupling faults (CF). These fault models generally identify 

common defects that can be found in memory circuits. In the simulation process, different 

memory addresses will have injected faults, and the expected value will be compared with 

the observed value in order to identify if there is a fault being detected. Write operations 

mainly initialize memory, while read/write operations identify faults during testing. 

In order to avoid the dependency of the proposed redundancy analysis on a particular 

memory architecture, the experiments are performed over a variety of memory 

architectures. The memory depth varies from 256 to 4096 words, while the data width 
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varies from 8 to 256 bits. Additionally, the memory architectures used in the experiments 

include single-port memory architectures, dual-port memory architectures, memory 

architectures with ECC (Error Correcting Code) support, memory architectures without 

ECC support, memory architectures with BISR (Built-In Self-Repair) support, and memory 

architectures without BISR support. The selected March algorithms are then executed over 

the whole memory address space, and the detection behavior of each step of the March 

algorithms is recorded. After the completion of the simulation process, the fault 

detectability analysis of each step of the March algorithms is performed. Each step of the 

March algorithms is given a detection indicator depending on the detection of at least one 

fault. If a particular step of the March algorithms detects any fault during the simulation 

process, then the particular step of the March algorithms is said to be effective; otherwise, 

the particular step of the March algorithms is said to be redundant. 

Redundancy analysis is then categorized into two types: local redundancy and global 

redundancy. A step is said to be locally redundant if it fails to detect any fault for a certain 

configuration. However, it may be able to detect faults for other configurations. A step is 

said to be globally redundant if it is redundant for most of the tested configurations. Only 

globally redundant steps are considered safe for removal since removing them will not 

impact the ability of the algorithm to detect faults. 

Lastly, the potential test time reduction is estimated by comparing the number of steps 

remaining after the redundancy elimination process to the original number of steps in the 

algorithm. This is because each step involves traversing the memory array completely. 

Hence, the reduction of redundant steps will directly reduce the number of operations 

performed during the MBIST. This methodology thus provides a deterministic approach to 

the identification of redundant operations to optimize the test time of the MBIST 

algorithms without compromising the fault detection capability. 

For the purpose of automating the evaluation process, a simulation framework has been 

implemented using Python. The simulation framework simulates the behaviour of the 

memory cells during the execution of the MBIST process and applies the operations 

specified by the March algorithm. During each step of the algorithm, the simulation 

framework traverses the memory addresses in the specified direction and applies the 

specified read, write, and read/write operations. During the execution of the simulation, the 
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framework keeps track of the number of cycles executed and the fault detection 

characteristics of each step of the algorithm. Detection vectors are generated to track the 

contribution of each step of the algorithm to the fault detection process. These vectors offer 

a systematic approach to the evaluation of each algorithm and the identification of the 

effectiveness of each step of the algorithm. By aggregating the results obtained from the 

execution of the simulation for multiple times, the patterns of redundancy in the algorithm 

structure are determined. 

Once the detection data is accumulated, the results are processed to identify steps that do 

not contribute to fault detection. Steps where the result is zero for all the configurations are 

considered for removal. However, for safe optimization, only steps that show consistent 

redundancy for the majority of the configurations are considered for pruning. This ensures 

that the reliability of the MBIST process is not compromised. Finally, the redundant steps 

are used to estimate the improvement that can be achieved for the MBIST efficiency. Since 

each step of the March algorithm involves the traversal of the entire memory array, 

removing any single step can lead to substantial optimization of the operations performed 

during the test. This improvement in test cycles directly translates into improved efficiency, 

thereby saving time and resources during the manufacturing process. 
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CHAPTER-4 

 

RESULTS AND ANALYSIS 

 

After the MBIST insertion is completed successfully, it always produces three kinds of 

HDL output files BIST circuitry file, connection file and Testbench. BIST circuitry file is 

partition level design file with all the necessary BIST logic added, which further used for 

integration process by RTL teams. The connection file and the testbench are used to verify 

the functionality of the BIST circuitry. These files are described in greater detail in the 

following sections. Optionally, the tool can produce various other outputs: a pattern file, 

which contains either the input values from the BIST controller to the memory or the output 

values from the memory model, SDC file which will be delivered to backend team. The 

generated output files that use a specific set of naming conventions. The tool saves the 

generated output files with the default file name model_name_suffix.extension, where the 

model’s HDL format determines the extension and the type of output determines the suffix. 

The BIST circuitry output file always includes the generated RTL for the BIST 

controller(s) specified in the dofile, and if in the insertion phase, it additionally includes 

the generated RTL of the memory collars for all relevant memory models that need collars. 

The BIST controller contains a finite state machine to control the operation of memory test 

algorithms that have selected. It contains the address generator, write data generator, expect 

data generator, and control signal generator. The controller usually contains a comparator 

to determine whether test results are good. The controller may also contain logic for 

optional features like diagnostics, BISA, and pipelining. The BIST collar instantiates the 

memory from original design in addition to test muxes and optional logic such as scan 

bypass logic and scrambling. The collar contains a compressor when not using comparators 

in the controller. 

The connection file, named <model_name>_bist_con.v (or .vhd), and the test bench, 

named 
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<model_name>_tb.v (or .vhd), are used to validate the BIST circuitry. The connection file 

instantiates the BIST circuitry and connects all the ports together. The test bench 

instantiates the connection model and provides stimulus to start the BIST circuitry’s 

algorithmic test activities and report test status when done. In the testbench, BIST is 

proceeding while test_h=1. The signal tst_done=1 indicates that BIST ran to completion. 

Figure 4.1 gives a brief on overall project flow, left block represents the inputs required 

and right-side block represents the output that gets generated, the blocks in the centre 

represents the sequence of steps that are performed to obtain the result. 

 

 

 

Figure. 4.1 Overall Project flow diagram 

 

 

Figure. 4.2 represents the various output files that got generated after the MBIST insertion 

is completed. Design file top.v is the file that got generated post MBIST insertion which 

contains all the additional logic that got added while MBIST insertion. Similarly, icl, pdl 

and sdc files are also generated which will be used in further process. 

Figure. 4.3 and Figure. 4.4 shows the design difference between the pre MBIST insertion 

and Post MBIST files. 
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Figure. 4.2 Files generated after MBIST Insertion 

 

Figure. 4.3 Additional logic that got added post MBIST insertion 
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Figure. 4.4 Additional instances that got added post MBIST insertion 

 

 

 

 

Fig 4.5 Waveform of SRAM ports  in Synopsys Verdi 
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Figure. 4.6 shows the diagnostic simulation report, first the diagnostic algorithm is loaded, 

stop on nth error diagnosis is set and error counter is set to 0. Later the Done signal is 

checked before the BIST controller is enabled which result in fail. Now the BIST controller 

is enabled, and the Done signal is checked which is Pass. Based on the repair calculated by 

BIRA logic the address values, instruction pointer values and GO_ID values are modified 

in the PDL file. We can see that simulation is passing even when the fault is injected 

because of the modification in the PDL file the address of the faulty memory is directed to 

the redundant memory that is available. 

 

 

 

 

Fig. 4.6 Diagnostic pattern simulation report 
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The proposed methodology has been applied in the evaluation of the redundancy of test 

steps in various MBIST algorithms based on the March family. Deterministic simulation 

has been used in the analysis of the proposed methodologies. Five most commonly used 

March family-based MBIST algorithms have been evaluated in the proposed work. These 

are March C, March LR, March SS, March SR, and March Y. For each of the above-

mentioned MBIST algorithms, the simulation of each and every step has been carried out 

across the entire memory address range. Various fault models, including stuck fault (SA0, 

SA1), transition fault (TF), and coupling fault (CF), have been used in the proposed work. 

A vector has been generated in the simulation framework for each of the above-mentioned 

MBIST algorithms. This vector will indicate whether the execution of a particular step is 

able to detect at least one fault or not. If no fault is detected by a particular step across all 

possible fault models, it is said that the execution of the particular step is redundant. 

 

The results showed that some steps were redundant when they were examined locally for 

certain configurations. For example, the initialization step and the intermediate write step 

were not useful for fault detection in the March SR algorithm for certain configurations. In 

the March LR algorithm, two steps were also found to be locally redundant for certain 

configurations. However, not all locally redundant steps were safe to remove, as some of 

them were still useful for fault detection for certain configurations. 

 

To remove redundant steps safely, a global redundancy check was also performed. In this 

case, the steps were considered redundant if they were redundant for at least 90% of the 

configurations. The results showed that only some of the locally redundant steps were safe 

to remove, as they did not meet the global redundancy criteria. It was observed that the 

initial write-only step (S0) for the March C algorithm and the March LR algorithm, along 

with one more step, met the global redundancy criteria. These steps were not able to detect 

faults for the majority of the configurations. 

 

Based on these findings, the potential test-time reduction was estimated by comparing the 

number of retained steps with the total number of steps in each algorithm. The reduction 

percentage for each algorithm was calculated using the following formula: 

Reduction (%) =
𝑁 − 𝑁𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑

𝑁
× 100 
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where 𝑁 represents the total number of steps in the original algorithm and 𝑁𝑟𝑒𝑡𝑎𝑖𝑛𝑒𝑑 

represents the number of steps remaining after removing globally redundant steps. 

 

Applying this calculation to the analyzed algorithms produced the following reductions: 

• March C: Total steps = 6 

Globally redundant steps = 1 

Reduction = 
1

6
× 100 = 16.67% 

• March LR: 

Total steps = 4 

Globally redundant steps = 2 

Reduction = 
2

4
× 100 = 50% 

• March SS: 

No globally redundant steps identified 

Reduction = 0% 

• March SR: 

No globally redundant steps identified 

Reduction = 0% 

• March Y: 

No globally redundant steps identified 

Reduction = 0% 

 

To determine the overall improvement achieved by the proposed framework, the reduction 

values across all evaluated algorithms were averaged. The average reduction is computed 

as: 

 

Average Reduction =
16.67 + 50 + 0 + 0 + 0

5
 

Average Reduction = 13.33% 
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Thus, the proposed step-level redundancy analysis achieves an average MBIST test-time 

reduction of approximately 13.33% across the evaluated algorithms without compromising 

fault coverage. 

These results demonstrate that although redundancy exists within several March 

algorithms, only a limited number of steps are consistently redundant across 

configurations. The analysis confirms that removing such globally redundant steps can 

provide measurable improvements in MBIST efficiency while preserving the reliability of 

memory testing. 

 

 

 

Algorithm Total Steps  Locally Redundant Steps Local Reduction(%) 

March C 6 0 16.67 

March LR 4 0, 2 50.00 

March SS 7 0 14.29 

March SR 6 0, 3 33.33 

March Y 6 0 16.67 

            Table 4.1. Local Step Redundancy of all March Algorithms 

 

Algorithm Total Steps  Locally Redundant Steps Global Reduction(%) 

March C 6 0 16.67 

March LR 4 0, 2 50.00 

March SS 7 - 0.00 

March SR 6 - 0.00 

March Y 6 - 0.00 

 

Table 4.2. Global Step Redundancy of all March Algorithms 
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The new optimized version of the MBIST algorithm was then analyzed under different 

fault models such as stuck-at faults (SA), transition faults (TF), and coupling faults (CF) 

through the use of the aforementioned Python based 2-Dimensional memory simulation 

framework. The conventional March sequences were used as a basis, and an analysis on 

the baseline performance in terms of execution time and fault coverage was conducted 

first. Then, the optimized algorithm was implemented after removing the redundant 

operations using the redundancy pruning technique. 

 

 

 

 

Fig 4.7 Simulation log before optimization of Algorithms 
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Fig 4.8 Simulation log after optimization of Algorithms 

 

From the results of the experimental analysis, it can be observed that the new optimized 

algorithm was able to provide shorter execution time than the conventional March 

sequences. Since the new algorithm did not contain any unnecessary read and write 

operations, it performed faster without sacrificing stable testing behavior especially for 

simpler faults such as stuck-at faults and transition faults. The reduction in time was 

greater in large memory sizes since March operations run through all the memory cells. 

Moreover, unlike stochastic methods like the one using genetic algorithm for sequence 

generation, the new algorithm was more predictable in nature and scalable in 

performance. 
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CHAPTER-5 

 

CONCLUSION, FUTURE AND SOCIAL 

IMPACT 

 

5.1 Conclusion 

This work presented a deterministic framework for identifying step-level redundancy in 

widely used March-based Memory Built-In Self-Test (MBIST) algorithms. By modeling 

the internal structure of March algorithms and performing exhaustive fault injection across 

multiple memory configurations, the study evaluated whether individual test steps 

contribute to fault detection. The methodology incorporated common memory fault models 

including stuck-at, transition, and coupling faults, ensuring that the redundancy analysis 

was conducted under realistic worst-case testing conditions. 

The experimental analysis revealed that certain steps within March algorithms do not 

contribute to fault detection under many configurations. These steps were first identified 

as locally redundant through step-level detection analysis and then evaluated for 

consistency across configurations. Only those steps that remained redundant in the majority 

of configurations were classified as globally redundant and considered safe for removal. 

This conservative approach ensured that the optimization process did not compromise the 

fault coverage of the MBIST algorithms. 

The results showed that globally redundant steps exist in some commonly used March 

algorithms, particularly in the initialization stages. By removing these steps, it was possible 

to reduce the number of memory operations executed during testing. The calculated results 

demonstrated an average MBIST test-time reduction of approximately 13.33% across the 

evaluated algorithms while maintaining the same level of fault detection capability. 
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Overall, the proposed methodology provides a systematic and deterministic approach for 

analyzing redundancy within MBIST algorithms. The framework establishes a safe lower 

bound for test-time optimization and highlights the potential for improving testing 

efficiency in memory-intensive System-on-Chip designs. Future work may extend this 

approach by incorporating adaptive techniques or machine learning models to dynamically 

optimize MBIST execution for specific memory architectures and fault distributions. 

Only those steps which were redundant in the majority of the configurations were classified 

as globally redundant and were considered to be safe for removal. Such an approach 

ensured that the optimization process did not compromise the fault coverage of the MBIST 

algorithms. 

 

The results indicated the existence of globally redundant steps in some of the popularly 

used March algorithms, specifically during the initialization steps. Removal of such steps 

allowed for the reduction of the number of memory operations during the testing phase. 

The calculated results indicated the potential for reducing the test time by approximately 

13.33% for the evaluated algorithms, with the same level of fault detection capability. 

 

The proposed methodology for the analysis of the redundancy of the MBIST algorithm has 

been able to offer a systematic and deterministic approach for the optimization of the test 

time for the System-on-Chip designs. Future studies could focus on the integration of the 

proposed methodology with some adaptive approach to optimize the execution of the 

MBIST algorithm for specific memory architectures. 

 

 

5.2 Future Scope 

The future of Memory Built-In Self-Test (MBIST) is promising as semiconductor 

technology advances. As integrated circuits (ICs) continue to evolve in terms of 

complexity, size, and functionality, the role of MBIST will become increasingly critical. 

Here are several key areas where MBIST is expected to see significant advancements and 

impact: With advancements in nanotechnology, we could see the development of nanoscale 

repair agents capable of interacting with memory structures at a granular level. These 

agents might autonomously identify defects and repair memory cells at the atomic scale, 

leading to more durable and self-healing memory systems. As memories become more 
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complex, error correction mechanisms that work in conjunction with MBIST could 

improve. Advanced ECC (Error Correction Codes) could be integrated within MBIST to 

not only detect errors but also correct them in real time, ensuring higher reliability in 

mission-critical applications like AI, automotive, and aerospace. 

Future MBIST systems may become more adaptive, capable of dynamically generating 

and optimizing test patterns based on real-time analysis of the IC’s behavior and fault 

statistics. This will significantly improve the effectiveness of generated test patterns, 

resulting in reduced test time while maintaining high fault coverage. Leveraging machine 

learning algorithms to analyze historical fault data and predict the most effective test 

patterns could reduce test iterations and improve the efficiency of MBIST, minimizing test 

time while maximizing coverage. Combining functional and structural test techniques 

within MBIST frameworks could ensure that even the most complex memory architectures 

are thoroughly validated, addressing both memory cell defects and more intricate timing 

or logic faults. 

As the industry moves towards advanced semiconductor nodes (such as sub-5nm 

processes), MBIST will need to adapt to new memory technologies like 3D NAND, 

MRAM, ReRAM, and PRAM. These emerging memory types will present new fault 

models and require specialized algorithms for effective testing and repair. With the rise of 

3D ICs and chiplet architectures, MBIST systems will need to evolve to support memory 

testing across multiple stacked dies and chiplets. This will require more sophisticated 

interconnect testing and the ability to operate efficiently in complex multi-layered 

environments. 

MBIST could evolve to include real-time monitoring capabilities that continuously 

diagnose memory health during the operation of the IC. This would enable proactive fault 

detection and repair, ensuring that systems remain reliable even in mission-critical 

applications. 

  

Test Time Minimization: As ICs become more complex, minimizing the time required to 

test memory components is critical. Faster pattern generation and more efficient memory 

access methods will help reduce test times. This is especially important in the era of high-

performance computing (HPC) and data center processors, where memory sizes are 

massive, and testing can become a bottleneck. Power-Aware Testing: Future MBIST 

systems may incorporate power- aware algorithms to ensure that the test process itself does 
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not consume excessive power, especially in low-power applications like mobile devices or 

IoT sensors. Optimizing test patterns for power efficiency will be a key area of focus. 

MBIST in Autonomous Vehicles: With the rise of autonomous vehicles, the reliability of 

on-chip memory becomes even more critical. In the future, MBIST could evolve to provide 

continuous, in-field testing of memory components in automotive applications, ensuring 

system safety without requiring the vehicle to go offline for maintenance. IoT and Edge 

Computing: In IoT devices and edge computing nodes, where devices are often deployed 

in remote or harsh environments, MBIST will play a crucial role in ensuring long-term 

reliability. Self-test and self- repair mechanisms embedded within these devices will ensure 

they can operate without human intervention for extended periods. 

As MBIST technologies advance, there will likely be a push for greater standardization to 

ensure interoperability across different vendors and tools. This would make it easier to 

implement MBIST solutions in a wide variety of IC designs without needing to customize 

them for each specific use case. 

 

 

5.3 Social Impact 

While Memory Built-In Self-Test (MBIST) is primarily a testing technique used to verify 

the reliability and functionality of memory components in integrated circuits (ICs), its 

implementation does have some environmental implications. These impacts stem from 

the resources and energy consumption involved in the design, manufacturing, and testing 

phases of semiconductor production. Here's a detailed breakdown of the environmental 

impacts associated with MBIST, Energy Consumption During Manufacturing: MBIST 

involves embedding test logic within memory components, which adds complexity to the 

IC design. This increased complexity can require more design resources, higher 

computational power, and longer design cycles. In turn, this can lead to higher energy 

consumption during the design and manufacturing processes, particularly if design tools 

and foundry equipment are not optimized for energy efficiency. Material and Resource 

Usage: The design and testing processes for MBIST may also require the use of 

additional materials, such as photomasks, during the IC fabrication process. Depending 

on the volume and intricacy of the IC design, this can contribute to the use of raw 

materials and potentially increase waste generation if the process is not managed 

efficiently. 
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Testing Equipment Energy Usage: The testing phase in semiconductor manufacturing, 

where MBIST verifies the functionality of memory components, requires specialized 

testers and handlers. These machines can consume significant amounts of energy, 

particularly in large-scale production environments where hundreds or thousands of ICs 

are tested simultaneously. While the energy consumed by MBIST itself is relatively small 

compared to other manufacturing steps, the cumulative impact can become significant in 

high-volume production. Indirect Impact on Facility Energy Consumption: 

Semiconductor manufacturing facilities, known as fabs, are energy-intensive operations. 

The additional steps required for MBIST testing may contribute to overall facility energy 

consumption. If the testing processes are not optimized for efficiency, this could lead to 

higher emissions of greenhouse gases (GHG), especially if the fab relies on non- 

renewable energy sources. 

Discarded Defective Components: One of the functions of MBIST is to identify faulty 

memory components during the manufacturing process. While this helps ensure that only 

fully functional ICs are shipped, it can also lead to the generation of waste from defective 

components. If these 

 

components are not managed or recycled properly, they may contribute to e-waste, which 

poses significant environmental hazards due to the presence of toxic materials such as 

heavy metals and hazardous chemicals in ICs. Chemical Waste from Testing Procedures: 

During MBIST testing, some chemical waste may be generated, especially in relation to 

testing procedures that involve specialized chemicals for verification or defect analysis. If 

not handled properly, this can contribute to environmental pollution. 

Improved Reliability and Product Longevity: Despite the potential environmental costs 

associated with its implementation, MBIST plays a vital role in improving the reliability 

and longevity of memory components in electronic devices. By ensuring that memory 

components function correctly, MBIST helps reduce the likelihood of device failure, 

which can extend the lifespan of electronic products. This has significant environmental 

benefits by reducing the need for frequent replacements, leading to a decrease in e-waste 

over time. Reduction in Manufacturing Defects: MBIST allows for the early 

identification of defective memory components during the production phase. This 

preemptive detection helps manufacturers avoid shipping faulty products, reducing the 
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need for recalls and replacements that would otherwise generate unnecessary waste and 

energy consumption in downstream processes. 

Indirect Contribution to Energy-Efficient Devices: MBIST testing ensures that memory 

components are reliable and power-efficient, indirectly contributing to the overall energy 

efficiency of electronic devices. When memory components operate more efficiently, 

they consume less power during the use phase, which helps reduce the energy footprint of 

devices like smartphones, computers, and servers. This is particularly important as data 

centers and edge devices demand increasingly high levels of efficiency to minimize their 

environmental impact. Optimizing Test Patterns for Efficiency: As MBIST evolves, 

improvements in test pattern generation can help optimize the testing process, reducing 

the time and energy required for testing. Efficient testing processes result in lower energy 

consumption and reduced emissions during the manufacturing phase. This optimization is 

particularly important for high-volume production environments where even small 

improvements in test efficiency can lead to significant reductions in environmental 

impact. 
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