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Abstract:  
New technologies get introduced at all layers of I&C hierarchy that populate modern nuclear facility. 
These developments are driven by market forces (obsolescence, proliferation in consumer market) or 
performance demands (higher accuracy, higher reliability, low power, higher level of integration 
etc). The overriding purpose of any new technology continues to be improved plant availability at 
enhanced safety and economy. However, the impact of these technologies on the overall reliability 
and safety is not always clear in view of unknown failure modes, increased intersystem dependencies 
and their inaccessibility for design reviews. This talk surveys the emerging technologies in each of 
areas that affect I&C of a nuclear plant: sensors and instruments, semiconductors & processors, 
computation and development platforms, networks and communication technologies, system 
architectures, software, surveillance & diagnostics and HMI technologies - and then assesses their 
possible impact on reliability and safety. 

Some of these developments will offer interesting trade-offs: a more accurate measurement of plant 
parameters would enable reduced operating margins (safety trips) and drift free sensor would 
promote reduced time between test/calibration intervals. Higher levels of integration also permit 
innovative redundant/diverse configurations. Microprocessors have increased in computation power 
permitting multiplexing of diverse functionalities in a single platform. FPGAs are replacing generic 
microprocessors in many applications to enhance re-configurability. Systems of different safety 
relevance often have channels of communication between them to support testing, diagnostics, 
surveillance and data logging. In the area of diagnostics and surveillance, increased automation 
bolstered by newer sensors, software, networks and processing power have a large potential impact 
in terms of reduced down time, increased test/ calibration intervals, prognostics and enhanced safety. 

But the increased complexity of semiconductors makes 100% verification impossible. Higher clock 
speeds make circuits susceptible to noise while reduced operating voltages degrade noise margins. 
Multiplexing and networking opens up possibility of common cause failure modes and proof of 
independence becomes harder. Re-configurability impinges on configuration management and 
safety. Diagnostics increases likelihood of common cause failure modes, likely loss of independence 
between systems of different safety significance and raises questions on the validity of the diagnosis 
especially when human operator is kept out of the loop.  

Today’s I&C systems are built using collaborating automations whose sequence of interaction and 
temporal dependencies produce new failure modes which are not easily amenable to modelling and 
prediction. A new dimension is added by the ease of introducing mal-ware in semiconductors and 
software and the difficulty of finding them out. The talk includes case studies from industry.  

 

Y.S. Mayya is B.Tech. in Electronics & Communication Engineering. 
He joined the 1980 batch of the BARC Training School and worked at 
Reactor Control Division and Control Instrumentation Divisions of 
BARC until 2007. During this tenure, he has pioneered the development 
and deployment of the real-time networks and distributed systems in 
nuclear facilities. His contributions in the area of computer controlled 
servo systems include Giant Metre-wave Radio telescope (GMRT), 
vehicle-mounted tracking antenna for UAV, Stabilized Antenna 
platform for the Light Combat Aircraft's Multi-Mode Radar, 
Stabilization & tracking system for Active Radar Seeker and Antenna 
Control Servo System for the 32-metre Deep Space Network antenna for 

 
 



the Chandrayaan-1. He was also involved in the development of software systems for the Large Hadron 
Collider (LHC) project at CERN, Geneva. He is a recipient of DAE Technical Excellence award. 

During September 2007 to August 2012, he was deputed to Electronics Corporation of India Limited 
(ECIL) Hyderabad. He served there as Director (Technical) and later as Chairman & Managing Director 
of ECIL. He was responsible for directing the operations of company in the area of Strategic electronics 
for Nuclear, defence, aerospace and security sectors.  

Subsequent to his repatriation to BARC, he is currently heading Reactor Control Division at BARC. His 
spheres of interest include Modelling, System analysis & design, embedded systems, Motion Control, 
Information security, Control Systems, Networks and Distributed systems. 
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Abstract:  
In this talk we would discuss a typical fabrication process used for manufacturing of integrated 
circuits. WE would also review some of the unit processes used in the fabrication including wafer 
production, wafer cleaning, thermal oxidation, lithography, thin film deposition, etch, ion 
implantation, and chemical mechanical polishing. 

 
Anil Kottantharayil received the B.Tech. degree in Electronics and 
Communication Engineering from Calicut Regional Engineering College, 
University of Calicut, Malappuram, India, in 1993, the M.Tech. degree in 
Electrical Engineering from the Indian Institute of Technology Bombay, 
Mumbai, India, in 1997, and the Dr.Ing. degree (summa cum laude) from the 
Universität der Bundeswehr, Munich, Germany, in 2002. From 2001 to 2006, 
he was with the Interuniversity Microelectronics Centre, Leuven, Belgium, 
where he worked on FinFETs, metal gate, and high-κ integration in logic 
technologies. Since 2006, he has been with the Department of Electrical 
Engineering, Indian Institute of Technology Bombay, where he is currently 
an Associate Professor. His research interests are in the areas of novel MOS 
devices, memory technologies, and silicon-based solar cells. 
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Abstract:  
As device technology progresses in the nanometer regime, understanding the physical phenomenon 
with which devices mal-function becomes more difficult and that poses higher difficulty in solving 
both the device and process problems. The understanding of the physics of failure mechanisms is the 
key in building the reliability in devices as well as in microelectronic systems. This entire process 
can be labeled as Building-in Reliability (BIR) in devices which is embedded in the device design, 
manufacture, integration, packaging and testing activities through physical analysis. The reliability 
of the device solely rests on the way the process is analyzed and the interaction physics is understood 
to curb the extension of even atomic level defects. A discussion of some of the latest interaction 
physics studies to understand the failure mechanisms as well as the usage of various failure analysis 
tools to localize and analyze the defects is the theme of this talk. 

Three major aspects of failure analysis are: (i) Electrical failure verification (EFA), (ii) Fail site 
identification which employs many techniques based on photons, electrons and ions and (iii) 
Physical failure analysis (PFA) which is the root cause analysis employing various types of 
analytical techniques involving microscopic and analytical tools involving electron and atomic 
interactions. Electrical analysis provides the signatures, which are normally evident through various 
measuring tools and results obtained from some of the fundamental in situ measurements. 
Techniques employed to understand and localize such defects include photon/electron and ion based 
techniques. EMMI or PEM, OBIC, confocal imaging, TRE, LVP, etc with resolution enhancements 
are photon based. Electron beam based techniques include voltage contrast imaging, e-beam 
analysis, and EBIC along with Scanning Ion Microscopy and FIB. The physical analyses discussed 
include various electron microscopy (SEM and TEM) techniques and the related secondary tools in 
revealing failure mechanisms along with AES, XPS, SIMS and SPM to resolve defect interaction in 
structures. 

The discussion is structured in phases – depicting actual case study results and micrographs to 
illustrate the ways to employ the relevant analytical technique at the right time to resolve the cause – 
to show the power of failure mechanism study to enhance reliability. The whole process of such 
analysis involving various manufacturers and user agencies is the key to build reliability in 
microelectronics and a simple formula to attain high reliability through analysis is presented. 

 
Dr.M.K. Radhakrishnan is a scientist working in the area of 
semiconductor device physics and failure analysis & reliability for the 
past more than 35 years, and the Founder Director of NanoRel 
Singapore, a technical consultancy firm supporting designers and 
microelectronic manufacturers to improve reliability. Previously he 
worked with Institute of Microelectronics, Philips and ST 
Microelectronics (Singapore), and ISRO at various senior positions. He 
also served as Adjunct Professor at National University of Singapore 
and Advisor to NUS Enterprises & Overseas colleges and senior 
technical consultant to International Telecom Union (ITU) Geneva. 
Currently, he is also a visiting Professor at Cochin University of Science 
& Technology, India. Dr. Radhakrishnan is a member of Board of 

Governors of IEEE Electron Devices Society (USA) and IEEE EDS Distinguished Lecturer. He serves as 
Editorial Board Member of Microelectronics Reliability Journal (UK), Journal of Semiconductor 
Technology and Science, and Guest Editor to IEEE TDMR. He received prestigious awards from 
professional bodies IEEE (2001 & 2010) and ESDA (2004) for his contributions to the technology area 

 
 



and leadership. As a researcher in the area of device reliability physics, he has more than 60 research 
publications and two US patents, and has been invited for Keynote and Plenary talks at various 
prestigious international conferences like IEEE IEDM, SPIE and MRS symposium. As a technical 
consultant he works with different Government organizations in India and Singapore, many MNCs in 
Asia and Europe and a number of Higher Education Institutions. For the past two decades he is providing 
technical training to professionals in many countries in Asia and Europe in the areas of device physics, 
failure analysis, reliability physics, electrostatic discharge and knowledge management. He is a Fellow of 
IETE, Senior Member of IEEE, Member of EDFAS and ESDA. 
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Abstract:  
This is a tutorial paper about reliability management. In an industrial set up, when a new product is 
launched, design engineer has to understand, what is market need and define reliability target, 
propose  concept, design the product, allocate the reliabilities, ensure the verification and validation 
of the design, propose service policy, market the product and based on warranty returns revisit the 
design, process, or service for improvement. We take up a specific component, in an automobile, 
dummy data and explain major steps in this cycle. Further, we explain the role of statistical tools, 
like DFMEA, distribution, testing, reliability prediction, DOE, during such a decision process. 

 

Avinash Dharmadhikari is working as General Manager (Quality 
Systems and Reliability) at TATA MOTORS, Pune, since January 
2005. His responsibilities include assessment of reliability and 
durability of new automobiles at design and development stage. Prior to 
joining TML, he was a Professor at Department of Statistics – Pune 
University, Pune, India. He received Ph.D. degrees from IIT Bombay in 
1980. As a visiting Professor, he has taught at Michigan state 
University, USA, Wright State University, USA and Waterloo 
University, Canada. He has published 50 research papers in 
international journals. He has guided four students for their Ph.D. theses 
and seven for M. Phil. He is a member of professional societies SAE 
and ISI. He is a member of ISO-TC 69 committee on six sigma. The 

committee is responsible to develop statistical documents for user community. He believes that 
leadership in any discipline is about taking decisions with speed and understanding of science like 
statistics helps the manager to prepare a model and quantify the risks associated with the decision.   
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Abstract:  
Life testing and reliability estimation are important activities for assessment and approval of 
engineering components and systems for meeting their mission reliability requirements. The 
objectives of life tests, the types of life tests, the methods of conducting such tests and the data 
analysis procedures are briefly covered in this work. The basic concepts of accelerated life tests, 
various methods of accelerations generally used, the mathematical models for quantification of test 
data, the procedure for evaluation of acceleration factors, failure time distributions and parameter 
estimation are presented. The basic concepts of Highly Accelerated Life Tests (HALT), ESS, and 
Highly Accelerated Stress Screening (HASS) are also covered. The challenges, advantages and 
limitations of these techniques are discussed.  

A case study of high temperature accelerated life tests conducted on electrolytic capacitors is 
presented to illustrate these techniques. The failure criterion is the failure mechanism “change of 
capacitance value” beyond the acceptable tolerance limit of these capacitors. The accelerated life 
tests were conducted at 850C, 1000C and at 1100C. The capacitors were charged with the rated 
voltage of 24 V DC during the high temperature tests. The aim of these tests is to evaluate the failure 
rate, mean time to failure (MTTF), acceleration factors, reliability and their variation with 
temperature. The test results were also used for checking the validity of the “Arrhenius” model for 
high temperature tests on electrolytic capacitors and evaluation of activation energy of the above 
failure mechanism.  

 
V.N.A. Naikan, is currently a Professor of Reliability Engineering at 
the Indian Institute of Technology Kharagpur, India. He had been Head 
of the Reliability Engineering Centre, IIT Kharagpur. He did his 
M.Tech. and Ph.D. degrees from this centre. He graduated in 
mechanical engineering with second rank from the University of 
Kerala. Before joining the Reliability Engineering Centre, he also 
worked with Indian Space Research Organization, Chinese University 
of Hong Kong, Indian Institute of Management, Ahmedabad and Union 
Carbide India Limited in various capacities. He has published more than 
90 research papers in international journals and conferences, a book on 
Reliability Engineering and Life Testing and a chapter on SPC in the 

Handbook on Performability Engineering. He is the regional editor of the International Journal of 
Performability Engineering, advisory and editorial board member of several other journals. He had been 
the technical chair of several international conferences. He has guided about 100 students for their 
B.Tech., M.Tech., and Ph.D. theses. He is a member of professional societies including, IEEE, IEI, 
SREI, System society of India, etc. He has been doing consultancy and research projects for 
organizations like ISRO, BARC, BHEL, Defence Forces, and Ministry of Textiles. 

 
 



Prognostics and Health Management of Electronic Systems 
P.V. Varde 

Bhabha Atomic Research Centre, Mumbai 
varde@barc.gov.in 

 
Abstract:  
Traditionally, the operation and maintenance program for control systems comprised of three major 
components, monitoring, surveillance and corrective actions. The Preventive Maintenance approach 
is employed such that reliability and availability of the systems can be enhanced. In the recent times, 
the fault tolerant designs, on-line fault detection and diagnosis features are being incorporated to 
improve overall performance of the systems. These advanced features have certainly gone long ways 
in improving the overall performance of the system. However, all these tools do not provide the 
capability to detect the fault in advance such that action can be taken to address the issues related to 
the plant economics or safety. 

Prognostics and Health Management approach deals with advanced detection of incipient fault by 
monitoring the precursor parameters. The overall approach comprised of a) system health monitoring 
preferably in on-line mode, b) extracting the features of the signal being monitored, c) Trend 
analysis, d) prediction of mean-time to failure and e) recommendation of corrective action strategy 
based on the analysis of various parameters. Often the data prediction and analysis algorithms are 
implemented by employing intelligent approaches as it involves features extraction from patterns, 
imprecise data, diagnostics knowledge base, incomplete information, etc.  

The growing interest in this approach is evident in the number of publications that are available on 
the subject matter. These publications provide the state-of-the-art models and methods and overall 
approach to implementation of this approach. In fact the draft PHM standard developed by IEEE RS 
is testimony to the focused efforts being made to implement this approach towards improving 
performance of the systems. 

 
Prof. P.V. Varde completed B.E.(Mech) from Government Engg 
College Rewa, in 1983, and joined BARC, Mumbai, in 1984. and 
worked with Reactor Operations Division as shift engineer till 1995. 
Later he started R&D in the area of risk-based applications that includes 
development of PSA based expert system for nuclear plants. He worked 
as post-doctoral fellow at Korea Atomic Energy Research Institute, 
South Korea in 2002 and Visiting Faculty at University of Maryland in 
2009. He was member of the PSA committee of Atomic Energy 
Regulatory, India till May 2012. He is also a member of the Board of 
Studies (Engg Sciences), Homi Bhabha National Institute, India. His 
research interests are development of prognostic models for nuclear 
plants components in general and electronic components in particular. 

He worked as specialists / consultant to many international organizations which include, OECD/NEA 
(WGRISK) Paris,, International Atomic Energy Agency, Vianna, etc. He is founder of Society for 
Reliability & Safety based in India. He played central role in successfully organizing the International 
Conference on Reliability, Safety and Hazard in 2005 and 2010. He is one of the Chief Editors for 
International Journal of Life Cycle Reliability and Safety Engineering. He is on editorial board of many 
international journals in the area of reliability and safety. Based on his research & development work, he 
has published over 80 publications in journals and conferences which include 4 books / conference 
proceedings. Presently he is heading Safety Evaluation and Manpower Training Section at Research 
Reactor Services Division, BARC. He is also serving as Senior Professor, Homi Bhabha National 
Institute, Mumbai. He is also a Visiting Professor at CALCE, University of Maryland, USA. 
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Abstract:  
LOCA (Loss of Coolant Accident) is one of the four qualification requirements mandated for various 
products used in Nuclear Power Plants (NPPs).  The other three requirements are radiation exposure, 
thermal ageing and seismic testing.  The LOCA qualification test facility, along with thermal ageing 
facility was set up at ERDA during 2000-2001 with financial support from the Department of 
Atomic Energy (DAE), Govt. of India through the Board of Research in Nuclear Sciences (BRNS). 
While the biaxial seismic test facility was added later on, the radiation ageing facility could not be 
set up at Vadodara due to stringent safety regulations and operational difficulties. Thus, ERDA is in 
a position to offer three of the four mandated qualification requirements to intending manufacturers 
under one roof.   LOCA being a user-specific unique test facility, a limited number of products 
including induction motors, LT PVC cables, actuators and valves have been subjected to this test.  
Guidelines given in IEEE 323; IEEE 382 and IEEE 383 were followed apart from NPCIL-approved 
test procedures.  The products behaved differently and failures have been observed during the test.  
The details of the test procedure, tests conducted and the observations are discussed in detail in this 
paper.  

 
Born in 1957, P. A. Krishnamoorthy received Ph. D degree in Physics 
from Sardar Patel University, Vallabh Vidyanagar in 1985. He joined 
ERDA in Vadodara in October 1985 as a scientist in the Insulation 
Division. He took over as the Head of this division from September 
2001 and held this position until 30th September 2011. He was the 
project leader for setting up the LOCA test facility at ERDA during 
2000-01. His areas of interest include studies on insulation systems, 
development of new materials and condition monitoring. He has 
presented a technical paper based on the work in the 1998 IEEE 
Symposium of Electrical Insulation in Washington DC, USA in June 
1998. He has over 25 other publications too in refereed journals and 

seminars proceedings. He has worked on insulation system related topic for a brief period in Powertech 
Labs in Canada and University of British Columbia in 2001. At present he is working as Dy. Director 
and Head (Business Development) at ERDA. Apart from this, his current responsibilities include 
inspection services; Documentation and Training, HR and others.  He also holds an MBA degree in 
Marketing from IGNOU. 
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Abstract:  
Structures, Systems and components in Nuclear Power Plants (NPPs) are designed for a life of 40 
years or more. This is achieved by proper selection of material, providing margin in the design, 
controlling the environmental parameters like temperature, pressure, humidity, radiation etc. and 
adherence to strict surveillance and preventive maintenance programme.  

In conventional plants, generally equipment have to operate in normal environmental conditions only 
whereas in NPPs, many safety equipment have to operate satisfactorily even under harsh 
environment resulting from the most unlikely event of  Loss of Coolant Accident(LOCA) or Main 
Steam Line Break (MSLB). After occurrence of LOCA or MSLB, reactor building temperature and 
pressure is expected to rise drastically for a short duration and gradually reduces to atmospheric 
conditions in about 2 hours. However, the environment will be highly humid.  

During this period, the equipment/components are also exposed to high radiation dose rates. Under 
these conditions, equipment have to function satisfactorily to safely shut down the reactor, remove 
heat from the reactor core and box-up the containment. MSLB/LOCA may occur any time during the 
reactor service life. Hence it is imperative that all the safety equipment shall perform its intended 
functions even at the fag end of its life. There is also a possibility that seismic event may happen 
after occurrence of LOCA/MSLB and during this period safety shall not be hampered. Hence safety 
equipment installed in NPPs is to be qualified for radiation, thermal ageing, LOCA/MSLB condition 
and seismic requirements. Various processes involved in the qualification and its limitations, 
methodologies adopted, implementation and preservation of qualification are covered in this talk. 

 

P. Kumar, Associate Director (OES), NPCIL is an Electrical 
Engineering Graduate from Regional Engineering College, Calicut 
(presently NIT). He joined BARC Training School in 1977 (21st batch) 
and after successful completion of training, he joined Control & 
Instrumentation Group of erstwhile Power Project Engineering Division 
(PPED) – presently NPCIL. Since then he has been working in different 
areas of Control & Instrumentation, Information Technology, 
environmental Qualification of systems and equipment, etc. His major 
contributions were design and engineering of Radiation Monitoring 
System, Heavy Water Leak Detection System, Ventilation System, etc 
for the various PHWRs. He was also instrumental in the design, 

development, integration and commissioning of dual redundant Radiation Data Acquisition System 
(RADAS) for KGS 1&2 and RAPS 3&4. Presently he is associated with to Environmental Qualification 
of equipment and systems of various Operating Stations. 
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Abstract:  
Environmental qualification is synonymous to equipment qualification in the broadest sense of the 
term. The most desirable objective is that equipments should work satisfactorily during and after 
design basis event (DBE) such as loss of coolant accident (LOCA) even at the end of its design i.e. 
approx. 40 years. In general, NPP life is decided by the life-spans of calandria, containment, cables 
and pipings. However, the importance of thousands of electronic & electrical and pneumatic 
equipment used as sensors, monitors and controllers of various process parameters can not be 
underestimated even though they are replaceable. If we look from the view-point of availability, 
capacity, reliability and safety, all the equipments must work satisfactorily under normal, abnormal 
and accident conditions. Malfunctioning of connecting cables, junction boxes, o-rings and gaskets 
may jeopardise the functioning of NPP.  Equipment failures are divided into two categories: 

(1) Catastrophic - Equipments fails suddenly and completely without prior information.  

(2) Degradation - Failure is due to ageing; performance parameters degrade/drift with time. 

Depending upon the type of failure, reliability indices are represented by failure rate and life-span 
respectively. These reliability indices are highly influenced by their operating and environmental 
stresses. Common environmental stresses in NPP containment are high temperature, high humidity, 
gamma radiation and neutron flux. As cited above, long-term performance under the prevailing 
operating and environmental conditions are to be ensured in addition to LOCA qualification. As one 
can not take the risk of procuring substandard equipments and can not wait for long periods to arrive 
at correct decision, the only solution is accelerated testing in the laboratory. In this presentation, 
pragmatic environmental qualification procedure based on our experience and test facilities will be 
covered. 

 
P. K. Ramteke joined as a Scientific Officer in Reactor Safety Division 
of BARC in 1991 after Graduating in Electronics & Telecommunication 
Engineering from Government Engineering College, Raipur (presently 
NIT). He has been working in the field of accelerated thermal & 
radiation ageing and Loss of Coolant Accident (LOCA) studies on 
instrumentation & control (I&C) cables, process equipments, and 
elastomeric materials being used in Nuclear Power Plants (NPPs). He is 
actively engaged in augmentation and development of various ageing 
research test facilities relevant to the ageing research studies. Some of 
the important test facilities are in operation and being effectively 
utilized for Equipment Qualification (EQ) activities for operating and 

upcoming Nuclear Power Plants (NPPs). Some of these test facilities are i.e. LOCA environment 
simulation test facility, thermal ageing test facilities and Process Equipment Calibration test laboratory 
for ageing studies of process equipment. He is a member of Professional Organisations i.e. (i) Bureau of 
Indian Standards, (ii) Indian Nuclear Society and (iii) Society for Reliability & Safety (SRESA). 

 
 


