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Vision & Mission

Vision
C-MET will become a premier R&D organization known all over

the world for its knowledge base, innovations and expertise in
electronic materials.

Mission

To develop knowledge base in electronic materials and their
processing technology for Indian industries and to become a
source of critical electronic materials, know-how and technical
services for theindustry and other sectors of economy.
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Executive Summary

Centre for Materials for Electronics Technology (C-MET) is a unique internationally renowned
multidisciplinary research institute engaged in development of requirement driven electronic
materials in the country. C-MET targets to be think tank leading to the progression of science and
technology as well as the creation of innovation towards self -sufficiency of India in critical electronic
materials. C-MET is working closely with industries and premier academic institutions in the country
to develop advanced materials and devices for strategic as well as commercial applications. C-MET
has been working on LTCC based design and production of packages for integrated circuits, energy
generation, energy storage materials & devices, nanomaterials, high purity materials, e-waste
recycling processes, sensors, microwave materials/circuits, radio frequency switches, biomedical
materials and quantum materials. C-MET has also established National Centre on Quantum Materials
and Graphene Innovation.

The Annual report 2021-22 of C-MET is prepared with an objective to publicize the
achievements and other initiatives of C-MET among citizens of the country and also internationally.

C-MET undertakes and executes sponsored projects and technical services from various
Government agencies, Public Sector Undertakings and Industries. Under various core and sponsored
research programs, it has done pioneering work in the leapfrogging research areas. C-MET remains a
vibrantand active intellectual community that spans multiple areas of research.

This Annual Report highlights collaborative scientific work conducted at C-MET during the
year 2021-22 (Amrit Mahotsav of Independence), list of publications and patents resulting from this
research, seminars and symposia held during the period. The technology transferred to industries for
productization and collaborative scientific work carried out are covered in the Report. The list of
visitors indicates the extent of national and international interactions of the Institute. A robust
research and development-backed industrial ecosystem growth can fulfil our dream of
ATMANIRBHAR BHARAT.
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Foreword

| am very pleased to present this Annual Report,
highlighting C-MET's outstanding technical
advancements and other accomplishments for
theYear 2021-22. Our research activities continue
to provide solutions to some of humankind's
most difficult challenges. The year 2021-22 has
been one of the most productive years for usin all
dimensions of C-MET's mission, including
knowledge creation, development of several
new technologies that not only generates the
capital but also provides the solutions for several
national issues.

Over the years, institute has incessantly
modernized its competencies and poised itself
for the future challenges. Today, it has evolved
into a unique institution possessing end-to-end
technology expertise in the domain of advanced
electronic and related materials. The primary
objective of C-MET is to promote self-reliance of
the country in the field of advanced electronic
andrelated materials. Theinstitute hasa mandate
to engage in basic science research and we
currently have groups working on Silicon Carbide
single crystal boules, Ultra-high purity materials,
nanotechnology, non-conventional energy
generation and storage, materials for energy
devices like batteries, supercapacitor, fuel cells,
hydrogen, solar cells etc. New futuristic areas like
Quantum materials, advanced antenna materials,
medical electronics with wearable and cancer
detection devices are also been tapped and
nurtured by C-MET.

As in the previous year, this year also C-MET has

performed very well in terms of the measurable
performance parameters. We have established
two Centres of Excellence (CoE's), Centre of
Excellence in Intelligent Internet of Things (lloT)
Sensors and National Centre for Quantum
Materials Technology as well as India Innovation
Centre for Graphene. Further, this year, 9
sponsored projects have been completed; 5 new
externally funded projects have been initiated,
and 33 grant-in-aid projects are in progress. The
research performance of C-MET continued to be
exciting in terms of 40 publications in peer
reviewed international journals, 11 awards and
recognitions, 2 patents, 1 chapter in the book, 43
invited talks/lectures at various national/
international level scientific events and 38
national/international Conferences and
Symposia presentations. | am very glad to inform
that extra budgetary support of C-MET reach to
Rs.60Crthisyear.

The quality and elegance of the research simply
cannot be quantified in metrics in the terms of
appreciation from erudite peers worldwide. Iam
happy to report that during the year, | have been
awarded prestigious industrial Vasvik Cash
Award. Also, the Institute scientists received
several major honors and awards. Dr. Milind V.
Kulkarni received 'Researcher of the Year 2021
(PSU): Energy Storage” award by India Energy
Storage Alliance (IESA). Dr. A. Seema was
recognized by ARMREB (DRDO) for her
outstanding contributions in“Supercapacitor”.

For various collaborative activities, C-MET has
signed MoU with SPEL Technologies Pvt. Ltd &
Lilly Maritime Pvt. Ltd. (Tri-Party), Krishna
Institute of Medical Sciences Deemed to be
University (KIMSDU), Karad, M/s. Greenko
Energies Private Limited, TASK, GoT, JNTU
Hyderabad and MG University, Nalgonda.

C-MET Thrissur hosted the 32™ Annual
Foundation Day (AFD) of C-MET in conjunction
with 3 days International Conference on "World
Sensors Congress, WSC-2022" from March 08"-
10" 2022. 23 invited speakers from national (7)
and international (16) R&D and industrial sectors
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delivered intellectual lectures in WSC 2022 on
sensors on digital platform. The foundation day
lecture was delivered by Prof Mark Hersam,
Northwestern University, USA, on low-
dimensional nanoelectronics materials in sensor
applications. Around 90 researchers have
participated in the conference. During the
conference, 75 researchers have presented
postersand 15 have given oral presentations.

| wish to acknowledge the significant support,
co-operation and motivation that Honourable

Governing Council and Steering Committee
members have provided from time to time, which
has proved very helpful in achieving our goals. |
am hopeful that the Institute will continue toreap
even more fruitful achievements in the coming
year through the relentless efforts of its
dedicated team of researchers and support staff
in collaboration with industries, research
Institutesand academic organizations.

Dr. B. B. KALE
Director General
bbkale@cmet.gov.in
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1. Overview: vision, mission, objectives, structure and functions of C-MET

1.1 Introduction

Centre for Materials for Electronics Technology (C-MET) has been set up as a registered scientific
society in March 1990 under Ministry of Electronics and Information Technology (MeitY), as a unique
concept for development of viable technologies in the area of materials mainly for electronics. C-MET
is operating with its three laboratories located at Pune, Hyderabad and Thrissur with specialized
research mandateateach place.

C-MET will become a premier R&D organization known all over the world for its knowledge
base, innovations and expertise in Electronic Materials.

To develop knowledge base in electronic materials and their processing technology for Indian
industries and to become a source of critical electronic materials, know-how and services for the
industry and other sectors of economy.

The objectives of C-MET are:

O To establish the technology up to pilot-plant scale for a range of electronic materials and
transfer the sametoindustry forcommercialization.

O Toestablishrelevantadvanced analytical facilities.
O Toundertake applied research activities in the area of its operation.

O C-METhassetupitsvision, mission and strategy to achieveits objectives.

To develop electronic materials and process technology in the allied area for social and strategic
areas though sponsored projects, technical services and consultancies. To serve Indian industries and
research organisations by providing characterization facilities on payment basis.
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1.6 Organization Structure

GOVERNING COUNCIL
Chairperson: Hon'ble Cabinet Minister,
Meity
Deputy.Chairperson: Hon'ble Minister,
of State, Meity
Executive Vice Chairperson:

Secretary, Meity l

l STEERING COMMITTEE

EXCUTIVE COMMITTEE : |

HQ'S & CENTRAL Registrar, Programme
COORDINATION CELL === Co-ordinator & SFO
Director General

PUNE HYDERABAD THRISSUR
LABORATORY LABORATORY LABORATORY
Director Director Director

Figure 1: Organization chart of C-MET

1.7 Client's/Citizen Charter (CCC)

The detailed information about Client's/Citizen Charter is given in the website of Centre for
Materials for Electronics Technology website http://cmet.gov.in/.
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1.8 Human resource indicators (as on 31.03.2022)

C-MET team consists of 44 nos. of S&T officers, 31nos. of S&T supporting staff and 38 nos. of
administrative staff. Among S&T officers and supporting staff, 44 are having Ph.D. degrees.
Additionally, there are 159 nos. of project staff/Ph.D. students, DST Inspire/Young Scientist and
Women Scientists working at three laboratories of C-MET and are depicted in Figure 2.

Figure 2: Human resource indicators of C-MET
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2. C-MET’s Core Competency in Electronic Materials

2.1R&Dinelectronic materials & significance of C-MET

Electronic materials form a significant segment of advanced materials with important
applications in the development of integrated circuits, substrates for circuit boards, electronic
packaging, energy generation & storage systems, nanostructured materials, communication systems,
displays & various sensors and actuators.

Electronics and Information Technology, which is a premier global technology comprises data
(or information) generation, categorization, transmission, retrieval, processing and propagation to
the benefit of society. Microelectronics is the keystone of IT. A strong IT network needs supporting
system, which has roots in advanced electronic materials. Electronic materials are the key to many
fast-emerging applications which help to improve the overall quality of life. Overall development of
any nation has its roots in the advancement of defence, agriculture, education, medicine, space and
other relevant fields. New device architectures and advanced materials become the base of the total
technology strength of nation.

Research and development activities on the electronic materials domain have been pursued by
various institutions in the country. However, focussed approach to undertake requirement driven
R&D activities lies only with C-MET.This uniqueness of C-MET can be judged through its objectives laid
down during its establishment and its achievements over these years. All the developmental
programmes undertaken and carried out during previous years and currently are in accordance with
these objectives. Various process and product technologies have been developed in the area of
electronic materials over these years. A major stumbling block was the after effects of globalization
and open market scenario immediately after the formation of C-MET. Understanding this scenario,
new knowledge-based methodologies have been evolved to enhance the partnership of end users
like industries, services and strategic sectorsin C-MET's technical program.

2.2 Corecompetence at C-MET laboratories

C-MET's R&D activities have been implemented in three laboratories i.e., Pune, Hyderabad and
Thrissur. In the campus of Pune laboratory, C-MET headquarter is functioning which monitor the
administrative activity and central technical coordination. Each of these laboratories has its own area
of specialization with requisite infrastructure and expertise. This approach has proven to be successful
in creating core competence ateach laboratory.

2.2.1Punelaboratory

Pune laboratory is mainly focusing on cutting edge R & D research on materials for electronic
packaging, renewable energy, energy storage, sensors and nano-materials/composites. These key
areas of research have been thrived out into various inter-disciplinary applications. Additionally, C-
MET Pune has established Centre of Excellences in Rechargeable Battery Technology (CoE-RBT) and
Additive Manufacturing (CoE-AM).
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Figure 3: Developed battery module for four wheeler cranking
2.2.2 Hyderabad laboratory

C-MET, Hyderabad has evolved as a unique facility in the country for the development of ultra-
pure materials, compound semiconductors, refractory metals, alloys, etc. In order to promote
resource efficiency and circular economy, a Centre of Excellence on E-waste (COE) management is
established with pilot plant recycling facilities. A state of the art NABL accredited Restriction of
Hazardous Substances (RoHS) test facility is also established to support EEE industries.

Figure 4: Recovered 4N pure Si from end-of-life Si solar cell

2.2.3 Thrissurlaboratory

Major thrust area of C-MET Thrissur includes microwave material, energy storage materials and
devices (Carbon aerogel and Graphene based super capacitors), Sensors and Actuators (IoT Sensors,
Thermal sensors, Piezo ceramics and Piezo actuators), Nanostructured oxide films, thin and thick films
and materials for Plasmonic application, Biosensors (wearable and stretchable electronics,
Biomedical sensors, Artificial skin/prosthetics), Graphene, MXene and other 2D materials for
electronics applications.

Figure 5: Plasmonic based portable Biosensor with disposable chip developed
jointly with Rajiv Gandhi Centre for Biotechnology, Thiruvananthapuram
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2.3.1Ourapproach

Majority of Indian electronicindustries do not have adequate in-house R&D facilities and are not in
a position to set up new production line for new technologies. Additionally, after the
globalization, it has become imperative for them to improve their production with respect to
quality, quantity, price and delivery time to compete with their counterparts. To achieve this, they
have to depend on either foreign collaborators or identify a suitable Indian partner. Indian
industries had faced immense problems with absorption and up-gradation of imported
technologies. Therefore, it has become essential for the industry to interact with R&D laboratory
having a strong knowledge base and expertise in their desired field of interest. Realising this, C-
MET has partnered with them, wherever possible, to meet their requirements. The paradigm shifts
fromresearch and development to technology development & transfer as well as providing timely
services toindustry areimportantin the changed scenario.

Strategic sector has been routinely facing uphill task to procure the requisite materials,
components and systems for their critical operations from various countries. Indian industries are
lacking expertise in realising fully the cutting-edge technologies. Identification of a right agency
in both these cases is very important and C-MET has a major role to play in terms of bridging the
gaps. C-MET's expertise, infrastructure and long experience suit to take up this challenging
responsibility. Hence, the total system has been mobilized and geared up to utilize the present
situation in favour of C-MET. Accordingly, C-MET has signed MoUs with DRDO, ISRO and DAE
institutes.

Growing awareness towards a green and sustainable environment has prompted each C-MET
centre to give adequate publicity through discussions on related subjects, secure wide
participation and podcast these discussionsin social media.

2.3.2 Currentstrategy

In order to accomplish the set objectives, C-MET has implemented the following strategies for
project execution based on in-house expertise, competence and infrastructure to creative
conducive ecosystem to support strategic and industrial sectors.

To implement projects which are expected to generate technologies which have the potential to
commercialize near future and the products/processes which are required for critical areas
covering space, atomic energy, defence, industry, etc., that are essentially small volume but high
value products.

To develop leapfrogging technologies in the area of electronic materials to support critical
strategicrequirement

To promote resource efficiency and circular economy through environmentally benign e-waste
recycling technologies.

Todevelop strong knowledge base in ensuing electronic materials technologies
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