ISSN 2277-2685
IJESR/April-June. 2025/ Vol-15/Issue-2s/37-44

B. Sai Rohith et. al., /International Journal of Engineering & Science Research

Power Efficient VLSI Architecture of Fault Tolerant BIST using
LCG

Dr. C. Gangaiah Yadav', B. Sai Rohith?, K.Jaya Krushna3, K. Sai Jhansi%, B. Nithin Kumar Reddy?, I.
Jahnavi®
! Associate Professor, Department of ECE ,Chaitanya Bharathi Institute of Technology,Vidhya Nagar, Pallavolu
(V), Proddatur -516360, Y.S.R (Dt.), AP.
23436UG scholar, Department of ECE ,Chaitanya Bharathi Institute of Technology, Vidhya Nagar, Pallavolu
(V), Proddatur -516360, Y.S.R (Dt.), AP.

ABSTRACT:

The detection of faults in electronic systems is critical for ensuring reliability and optimal performance, especially
in safety-critical applications. One innovative technique for fault detection is the use of Built-In Self-Test (BIST)
technology, which integrates self-diagnostic capabilities directly into the system's architecture. This paper
explores the concept of "Stuck-at Fault" detection using BIST technology, focusing on identifying and isolating
faults where a signal is stuck at a constant logic level, either '0' or '1'. The study reviews the methodologies
employed in designing BIST systems tailored for stuck-at faults, including fault models, test pattern generation,
and fault coverage analysis. A key aspect of this research involves evaluating the effectiveness of various BIST
approaches in detecting and diagnosing stuck-at faults in combinational and sequential circuits. Through
simulations and case studies, the paper demonstrates the potential of BIST to improve fault detection accuracy,
reduce testing time, and minimize hardware overhead. The results show that BIST technology offers a cost-
effective, efficient solution for enhancing fault detection capabilities in modern integrated circuits and systems.

Keywords: Fault detection, Built-In Self-Test (BIST), Stuck-at Faults, Test pattern generation, Fault
coverage, Circuit reliability.

significant attention in fault detection
applications because it enables real-time,
efficient testing during both manufacturing and
operational phases.

1. INTRODUCTION

In modern digital systems, ensuring the
reliability and functionality of integrated
circuits (ICs) is crucial for the successful
operation of various applications, especially in
safety-critical environments like aerospace,

The use of BIST for detecting stuck-at
faults has become an area of considerable

automotive, and medical devices. One of the
most common types of faults that can occur in
digital circuits is the "stuck-at fault," where a
signal or node is permanently fixed at a logic
level, either '0' or '1'. These faults can arise due
to  manufacturing defects, aging, or
environmental conditions and can severely
affect the performance and reliability of
electronic systems.

Traditional fault detection methods
often rely on external testing equipment or
complex diagnostic procedures, which can be
costly and time-consuming. To address these
limitations,  Built-In  Self-Test  (BIST)
technology has emerged as a promising
solution. BIST is a self-diagnostic technique
where the system is equipped with the
necessary hardware and software to perform its
own testing without the need for external
instruments. This technique has gained

interest due to its potential to identify these
common fault types early in the design and
testing phases, as well as its ability to
continuously monitor circuits in the field. The
effectiveness of BIST for stuck-at fault
detection depends on several factors, including
the test pattern generation process, fault
coverage, and the overhead introduced by the
BIST circuitry itself. Optimizing these
elements is essential for achieving high
detection accuracy while minimizing resource
usage.

This paper aims to explore the
application of BIST technology specifically for
stuck-at fault detection. We examine various
methodologies and techniques for generating
test patterns, analyze the fault coverage
achieved, and assess the trade-offs between
detection performance and hardware overhead.
Through detailed case studies and simulations,
we demonstrate how BIST can be effectively
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employed to detect and diagnose stuck-at faults
in both combinational and sequential circuits,
ultimately contributing to enhanced system
reliability and reduced testing costs.

2. LITERATURE SURVEY

W. B. Jone and D. C. Huang and S. C.
Wu and K. J. Lee, An efficient BIST method for
small buffers, Astonishing progress in Silicon
devices and circuits and highly reliable mass
manufacturing techniques have prompted
unprecedented revolutions in electronics for the
last 4 decades to the extent that electronics is
growingly permeating numerous aspects of our
life. The application world, consumer and
infrastructure, is now used to exponential
performance improvements and high yield.
Complexity and competitiveness of modern
electronic systems demand for optimization
across multiple disciplines. Joint optimization
of device, circuit, packaging, and test are
increasingly important for high performance
systems. Design for Manufacturing and Testing
is more critical but increasingly challenging in
complex systems. So what does optimization
mean for the future of ever-growing and
complex solid state electronics? A daunting
challenge worth spending a talk on.D. Bronzi,
Y. Zou, F. Villa, S. Tisa, A. Tosi, and F. Zappa,
“Automotive three-dimensional vision through
a single-photon counting SPAD camera,”
Linear-feedback shift register (LFSR) counters
have been shown to be well suited to
applications requiring large arrays of counters
and can improve the area and performance
compared with conventional binary counters.
However, significant logic is required to decode
the count order into binary, causing system-on-
chip designs to be unfeasible. This paper
presents a counter design based on multiple
LFSR stages that retains the advantages of a
single-stage LFSR but only requires decoding
logic that scales logarithmically with the
number of stages rather than exponentially with
the number of bits as required by other methods

3. EXISTING DESIGN (BIST DESIGN
USING LFSR)

In computing, a linear-feedback shift
register (LFSR) is a shift register whose input
bit is a linear function of its previous state. The

most commonly used linear function of single
bits is exclusive-or (XOR). Thus, an LFSR is
most often a shift register whose input bit is
driven by the XOR of some bits of the overall
shift register value. The initial value of the
LFSR is called the seed, and because the
operation of the register is deterministic, the
stream of values produced by the register is
completely determined by its current (or
previous) state. Likewise, because the register
has a finite number of possible states, it must
eventually enter a repeating cycle.

Fig 1: Structure of LFSR

In a BIST system, the DUT is tested
using internal test mechanisms that are built
into the device itself, reducing the need for
external test equipment. BIST techniques are
typically used to detect faults in the DUT and
can perform tests like self-diagnosis, error
detection, and fault isolation, all without
external testers. The DUT interacts with these
built-in self-test circuits to assess its operation
during manufacturing or in-field operation.The
DUT in BIST is the target hardware being
tested, and BIST systems are designed to test it
automatically using its internal test capabilities.

BIST

Pattern Generator DUT
clock
, test patterns._| Full Adder
reset LFSR Design
Ji' ‘ i
Reteaice Comparator fault
Module
TRA

Fig 2: BIST Architecture of existing design
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Fig 3: DUT(Full Adder)
DISADVANTAGES:

1.Existing design consumed more power.
2.LFSR having limitation of it can’t generate
the binary value “0” as it important. So, we
can’t include value “0” for testing the design
module.

4. PROPOSED DESIGN (BIST DESIGN
USING LCG)

During BIST, the DUT is stimulated
with test patterns or input signals. The DUT
then produces an output, which is captured by
the TRA. The TRA examines these outputs to
determine whether they match the expected
values. If there is a discrepancy, the TRA flags
an error or reports a failure, indicating that a
fault may exist in the DUT. The TRA is
responsible for detecting faults by performing a
comparison between the DUT's actual response
and the reference response. It ensures that the
DUT operates correctly under the given test
conditions. If any deviations are detected, the
TRA often generates error flags or status
signals that indicate the type or location of the
fault. In some systems, it may also provide
diagnostic information to help identify the
specific issue.

LINEAR CONGRUENTIAL
GENERATOR

The generation of random numbers,
however, is not an easy task for a computer,
since the computer is a deterministic machine
with no built-in randomness. Thus, it is
impossible to create true random numbers
without any additional hardware. What can be
done, is to create pseudo random
numbers which behave almost like random
numbers but which are repeated after a fixed

(mostly quite long) period. These pseudo
random numbers are generated by linear
congruential generators (LCG). The principle
of an LCG is quite simple: a new pseudo
random number is generated on the basis of the
previous random number by adding a certain
offset and wrapping the result if it exceeds a
certain limit. The process can be denoted by the
following equation: The linear congruential
method produces a sequence of integers Xo, X1,
Xs... between zero and m-1 according to the
following recursive relationship:

Xi+1 = a1 X Xj + by mod2" (1)

Here, al, bl are the constant
parameters x; is the initial seed, Following are
the necessary conditions to get the maximum

period. by is relatively prime with 2(m). ai-1
must be divisible by 4.

LCG method is developed to generate
pseudorandom bit at an equal interval of time
for encrypting continuous data stream in the
stream cipher. The architecture is designed with
two comparators, four LCG blocks, one
controller unit and memory (flip-flops) as
shown in Fig. 1. The LCG is the basic
functional block in the dual-CLCG architecture
that involves multiplication and addition
processes to compute n-bit binary random
number on every clock cycle. The
multiplication in the LCG equation can be
implemented with shift operation, when a is
considered as (2+1). Here, r is a positive
integer, 1 <r<2"

xf - - -
X | 11 -bit logical shifter
+ b,
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Fig 4: Architecture of the linear

congruential generator
In this design Linear congruential generator

39



ISSN 2277-2685
IJESR/April-June. 2025/ Vol-15/Issue-2s/37-44

B. Sai Rohith et. al., /International Journal of Engineering & Science Research

generated test patterns, these patterns are given BIST
to the tested circuit (DUT) and reference o [Pattemm Generagor DUT
module parallelly and comparator (TRA) s LOG |izatens. Fun Adder
compare the results from DUT and reference s Design
module, if both results are similar there is no T l
fault other wise there is a fault in DUT.
Reference - fault :
Module =
ADVANTAGES: TRA
1. Proposed design consumed less Power
compared to existing design.
2. There is no limitation to generate patterns. Fig5: BIST Architecture of proposed design
5. RESULTS
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Fig 6: RTL Schematic of Existing Fault detecting BIST using LFSR
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Fig 7: RTL Schematic of Proposed Fault detecting BIST using LCG.
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RTL SCHEMATIC: The RTL schematic is
abbreviated as the register transfer level it
denotes the blue print of the architecture and is
used to verify the designed architecture to the
ideal architecture that we are in need of
development .The hdl language is used to
convert the description or summery of the
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architecture to the working summery by use of
the coding language i.e verilog, vhdl. The RTL
schematic even specifies the internal
connection blocks for better analyzing .The
figure represented below shows the RTL
schematic diagram of the designed architecture.
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Fig 8: View Technology Schematic of existing Fault detecting BIST using LFSR
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Fig 9: View Technology Schematic of proposed Fault detecting Bist using LCG.

TECHNOLOGY SCHEMATIC: The
technology schematic makes the representation
of the architecture in the LUT format ,where the

LUT is consider as the parameter of area that is
used in VLSI to estimate the architecture
design .the LUT is consider as an square unit

41




ISSN 2277-2685
IJESR/April-June. 2025/ Vol-15/Issue-2s/37-44

B. Sai Rohith et. al., /International Journal of Engineering & Science Research

the memory allocation of the code is represented in there LUT s in FPGA.

(Name
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Fig 12: simulated of proposed design Faulty bist.

Simulation:The simulation is the process home screen of the tool ,and the simulation
which is termed as the final verification in window confines the output in the form of
respect to its working where as the schematic is wave forms out put. Here it has the flexibility
the verification of the connections and blocks. of providing the different radix number
The simulation window is launched as shifting systems.

from implementation to the simulation on the

Power
Q T £ C 4 Summary
»
Seftings :
¢ Power analysis from Implemented netlist Activity On-Chip Power
Summary (3205 W, Margin: N/A) derived from constraints files, simulation files or 1
Power Supply vectorless analysis Dynamic 2934W
Utilization Details
= Total On-Chip Power: 3.205W nals:  0.0B3W
Hierarchical 3 92%
Design Power Budget: Not Specified 0.014 W
Signals 97%
Power Budget Margin: NIA C 2B5TW
Data 0 0 85
SetResel Junction Temperature: 29.5°C
SR B . jice S 27T1W
Logic Thermal Margin 55.5°C (382 W) 8% Device Static 0
o Effective SJ4 14°CW
Power supplied to off-chip devices: 0OW
Confidence level Low
Launch wer Constr sof to find and fix
invalid switching activity

Table 1: Power Report for Existing Design
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Power
Q| = |@¢ | & 4 Summary
»
Seftings .
: ) Power analysis from Implemented netlist. Activity On-Chip Power
Summary (2.351 W, Margin: N/A) derived from constraints files, simulation files or
Power Supply vectorless analysis. Dynamic 2088 W
< Utilizat |
RzRion Denis Total On-Chip Power: 2351 W 0044 W
Hierarchical 89%
Design Power Budget: Not Specified 0.0233W
Signals 96%
Data Power Budget Margin: NiA [lls 2012W
Logic Junction Temperature: 28.3°C | |
W0 Thermal Margin 56.7°C (3.0 W) 1% MiDevcestatic 0262w
Effective SJA 14'CW
Power supplied to of--chip devices: 0W
Confidence level L
Launch Power Constraint Advisor to find and fix
Invalid switching activity
Table 2: Power Report for Proposed Design
CONCLUSION correction mechanisms. This will help address

Detecting stuck-at faults using Built-In
Self-Test (BIST) has become a crucial
technique for ensuring the reliability and
performance of digital circuits, especially in
integrated circuits (ICs) and System-on-Chip
(SoC) designs. A stuck-at fault occurs when a
signal in a circuit is fixed at either logic "1" or
logic "0" and cannot switch to the opposite
value. This type of fault can significantly
impact the functionality of a system. BIST

the increasing complexity of modern devices
and improve fault detection coverage, leading
to more reliable and robust systems.
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