
 

CHAPTER 1 

INTRODUCTION 

 

1.1 Overview 

Error free coding in Very Large Scale Integration (VLSI) systems is an interesting 

area in many mission-critical applications as well in various digital systems for daily 

life applications. To have reliable, faster and compact devices, the VLSI area is 

emerging towards higher technologies. Emerging nano scale devices such as carbon 

nano tubes, quantum dots, molecular crossbars, and single electron transistors have 

been proposed with the aim of increasing the densities of integrated circuits in VLSI 

circuitry. However, these nano scale designs suffer from increased permanent and 

transient failure during implementation. These failures are mainly due to the quantum 

nature of the devices as well as the fundamental limitations of the fabrication 

processes. Fault tolerance is one of the main concerns in the adoption of new 

approaches in upcoming VLSI designs. 

 

Reliability of circuit mainly depends on handling capacity of soft errors [1]. These 

errors plays vital role in reliability. Memory is the necessary against frequent soft 

errors. From many years, Error Correction Codes (ECCs) are used to correct the 

errors in system. Single Error Correction-Double Error Detection (SEC-DED) is one 

of the important techniques which are explained in [2]. From SEC-DED, it is 

observed that, the usage of extra bits per word is small and the process of decoding is 

quite simple. Double Error Correction-Triple Error Detection (DEC-TED) requires 

minimum distance of six. Consider, the errors to be corrected by code is t and errors 

to be detected is (t + 1), then the minimum distance is 2(t + 1). By generalizing above 



 

process, it is clear that for a code, which has to detect (t + s) errors and has to correct t 

errors must have minimum distance of 2(t + s +1). 

 

  Now-a-days, various types of tools have been developed to evaluate certain 

design trade-offs in the VLSI architectures. The most important trade-offs among 

those are between granularity and reliability, and between redundancy and reliability. 

In this regard, researchers have applied different degrees of redundancy to different 

granularity levels of gates and Configurable Logic Blocks.  

 

1.2 Problem Outline  

Usually, memory cells are said to be more vulnerable to transient faults and 

the remaining components around the memory such as encoders and decoders are said 

to be fault free. So, the most of the work done under error protection in memory 

circuits only to protect them from faults. As scaling down the feature sizes of devices 

are used, the persistent memory system surrounding circuitry will be sensitive to 

defects and also for transient faults. The solution is avoiding the reliability problem in 

the surrounding circuitries of memory circuit is implementing encoders and decoders 

with scaled. But, when it was observed in the respect of area, performance and power 

consumption, the implementation of encoders and decoders with scaled feature size 

and nanotechnology devices achieves better results. Many approaches were proposed 

earlier on design of fault tolerant decoders and encoders, almost all of them use the 

traditional fault tolerant scheme such as concurrent parity detection and logical 

replication. Also these techniques require an extra logic to check the effectiveness in 

terms of correctness after the evaluation. 

 



 

Many techniques have been proposed to increase the tolerance of VLSI 

architectures to both transient and fabrication defects. Von Neumann’s multiplexing 

logic, N-tuple modular redundancy and inter woven redundant logic have been 

developed in the past to eliminate redundancy faults in VLSI architecture. A new fault 

tolerant design approach based on coding theory has been proposed recently using 

crossbar architecture by adding additional interlink wires to nano-electronic circuits. 

Quantum error correcting codes are being developed for fault tolerance in high speed 

computing devices. Various logic-mapping algorithms with defect avoidance have 

been presented to improve clustered defects in VLSI architectures. Fault tolerance is 

achieved in all these architectures by adding some level of redundancy. Redundancy 

is incorporated to improve the fault tolerance in VLSI circuitry but these approaches 

increase the resource requirement, resulting in economic constraints and inefficient 

operation. 

  

1.3 Objective and Methodology  

This research work focuses on the development of fault tolerance mechanism 

in higher density VLSI architectures with lower redundancy with efficient operation. 

The proposed work is to develop a mechanism for parallel reusage of resources to 

reduce the amount of spatial redundancy required for a fault tolerant design. The 

algorithm is focused on the features of the ability of system to overcome faults at 

different simultaneous operation in VLSI circuitry and to reconfigure the switching to 

avoid the faults present in underlying switches, improving fault tolerance in VLSI 

architectures. In order to achieve the objective in memory applications this research 

work proposes a modified decoding algorithms named “Loop Feedback Error 

Correction” for Euclidean Geometric (EG) codes. This approach detects the 



 

uncorrectable errors which were exceeding the correction of error competency of the 

code by one bit error with the help of properties of the code. This also enhances the 

probability of error detection by means of an extra logic for the detection of error. 

Thus the proposed combined correcting and detecting approach makes a promising 

opportunity for memory architectures. 

 

To overcome the issue in internal faults in memory, in this work a “Sectional 

Memory Address Coding” for fused faults in memory application is developed.  To 

overcome the transition error at interconnect a line swap approach for minimal fault 

transition is proposed. 

  

1.4 Thesis Outline  

To present the stated work this thesis is outlined in 7 chapters. An outline of 

the problem, objectives and design methodologies are presented in chapter. To 

analyze the existing approaches for the proposed work an extensive literature survey 

is carried out. The summarized outline of this literature is presented in chapter 2. The 

basic approaches for fault minimization or detection approaches are referred and their 

operating principal with processing limitations is analyzed. To develop fault tolerance 

logic for memory application, a generalized description to fault tolerance and its 

methodology is outlined in chapter 3. This chapter outlines the nature of faults 

encountered during memory coding and its effect on memory application. The 

limitation to self correcting fault tolerance is summarized in this chapter. The 

approach of self correcting logic is observed to be more effective in memory 

application; however the fault tolerance under multi-bit fault is not developed. To 

present a fault tolerance coding for multiple bits an extended approach to “Majority 



 

Logic Detector” (MLD) [9] is proposed. The proposed “Extended-MLD logic” (E-

MLD) is outlined in chapter 4. The design approach, operational flow and its testing 

observations are outlined in this chapter. The physical realization of such approach on 

a Field Programmable Gate Array (FPGA) device is also made for evaluating its real 

time interfacing standard. The developed ‘E-MLD’ approach for soft error tolerance is 

then improved for permanent physical memory faults. The approach of logical 

sparsing for fault free coding is taken as base for this modeling. The fault tolerance 

under permanent fault condition is developed using a hybrid-spares coding called ‘K-

sparse’ for overcoming redundant faults at faster rate. This fault tolerance approach is 

outlined in chapter 5. The functional verification of this coding is outlined and the 

feasibility of realization by targeting to FPGA device is also outlined. For the 

proposed methods overcoming soft and permanent faults, a new coding approach 

called ‘G-bits’ (Group bits) also proposed. This coding provides a high level of fault 

tolerance under transition fault at interconnect signals. The probability of cross over 

or partial discharge faults are considered for such designing. The proposed coding 

approach of G-bit coding is presented in chapter 6. These developed fault tolerance 

coding are tested for various fault condition and density of fault logics in memory 

elements. A comparative evaluation of these methods over the conventional approach 

is outlined in this chapter. Chapter 7 outlines the conclusion drawn for the developed 

work and the future aspects of the research work.  

 

 

 

 

 


