
fulcrum
Vol. I :: Issue 4 | April 2019

 The SERB Science Tracker

National Isotope Facility for Hydrology

Deciphering Water Cycle



Prof. Sandeep Verma
Secretary 
Science & Engineering Research Board

Dear Readers,

It gives me great pleasure to interact through the current issue of Fulcrum. At 
the very outset, I am indeed honoured for having been given the opportunity by 
S&T leadership of the country to steer SERB in enabling next generation science 
exploration in India. It will be my endeavour to build upon the foundations laid 
by my worthy predecessors and dedicate the organisation towards serving S&T 
research community of India. I place on record my gratitude and appreciation for 
their efforts in making SERB, what it is today. 

However, a dynamic institution can never rest on past laurels. I enter the office of 
Secretary, SERB, with a firm conviction that there is no challenge that cannot be 
overcome with commitment and teamwork. I am confident I will get full support 
of the Indian scientific fraternity in creating a robust scientific  temper in the 
country and the research ambience needed to reach shared goals. 

S&T ecosystem of our country is rapidly evolving in many dimensions and getting 
increasingly interconnected across geographies, institutions and disciplines. 
Thus it is imperative that SERB is keenly aware of emerging grand challenges 
and help country marshal its S&T resources to maintain pre-eminent global 
position in science and fulfill dreams of a nation aspiring to lead the world.  I 
look forward to be in touch with all of you soon at various fora and seek valuable 
inputs to make SERB more responsive to your expectations.

In this issue of Fulcrum, the cover story highlights the challenges of managing 
India’s rising needs of potable water. India has made serious efforts to understand 
and resolve water challenges. SERB has contributed by supporting research 
programmes related to these issues. We bring an update on National Isotope 
Facility on Hydrological Cycle set up at Centre for Water Resources Development 
and Management (Kozhikode, Kerela) supported by SERB. In addition, we also 
cover some of our other initiatives focused on ‘Dielectrics & their Integration 
into Nano-scale Logic & Memory Devices’, ‘Molecular Phylogeny and Biology of 
High Altitude Ants of Genus Myrmica’ and ‘Moving Towards a Memory Centric 
Age’.

I wish you the best in your research endeavours.  

Jai Hind!
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National Isotope Facility for Hydrology

Deciphering Water Cycle

upfront

Global efforts to overcome the growing 
challenge of freshwater availability have 
been at the forefront of the world’s 
developmental agenda for nearly three 

decades. Improved understanding of the Earth’s 
water cycle has been widely recognized as one of 
the key elements of scientific information necessary 
for developing policies toward sustainable 
management of freshwater resources. Over the last 
50 years, environmental isotope techniques have 
provided insights into the processes governing 
the water cycle, and its variability, under past and 
present climatic conditions. The important role of 
isotopes in understanding climatic changes in the 
past also holds the key to predict changes in the 
future — changes that may not only influence global 
temperatures, but also energy needs, availability of 
drinking water, and food security.  

Integration of isotopes into mainstream hydrology 
still requires a closer interaction between isotope 
hydrologists and the larger hydrological community. 
Insufficient facility for isotope analyses, lack of 
field hydrologists trained in isotope techniques, 
and inadequate thrust given to isotope hydrology 
in academic curriculum can be the cause of the 
limited popularity of the subject. Recognizing these 
facts, the SERB established a ‘National Isotope 
Facility for Hydrology (NIFH) at the Centre for 
Water Resources Development and Management 
(CWRDM), Kozhikode, Kerala under its Intensive 
Research in High Priority Area (IRHPA) scheme.

The major foci of the project are:
• To establish a state-of-the art Isotope Hydrology 
Laboratory with basic infrastructure facilities for 
stable and radio isotope analyses.

• To develop human resources for application of 
isotope techniques in hydrology through trainings 
and workshops. 

• To undertake research on water resources 
management and environment-related issues in 
Kerala and other parts of India in collaboration with 
leading academic institutes in the country. 

With the accrual of most advanced equipment for 
the measurement and analysis of environmentally 
stable and radio isotopes, the facility is one of its 
kind in southern India. 

Major Equipment 
Under the project, analytical instruments installed 
for measurement of stable and radioactive 
isotopes are (i) Continuous Flow Isotope Ratio 
Mass Spectrometer (Fig.1) equipped with Conflow 
II Gas Bench for hydrogen and oxygen isotope ratio 
measurements and Thermal Conversion - Elemental 
Analyzer (TC-EA) with combustion furnace for 
carbon, nitrogen and sulphur isotope ratios and 
pyrolysis furnace for hydrogen and oxygen analysis 
(ii) High Purity Germanium Detector with a lithium 
doped p-type co-axial germanium semiconductor 
detector with carbon filter, capable of detecting 
radio isotopes in the energy range from 40 KeV 
to 10 MeV with 40% relative efficiency (iii) Alpha 
Spectroscopy System (Fig.2) with single input NIM 
alpha spectrometer with silicon charged-particle 
detector capable of scanning energy from 20 KeV 
to 200 MeV. 

Apart from these, Ion Chromatograph with 
electrochemical, amperometric and absorbance 
detectors, Gas Chromatograph-Mass Spectrometer 
equipped with the electron capture detector and 
ion trap MS - MS mass spectrometer and a mini 
Liquid Nitrogen Plant consisting of nitrogen gas 
generator GN-10 of flow rate 10 Normal liters/
min and a liquid nitrogen generator (NL-50) of 
production capacity of 15-16 litres/day were also 
procured. 
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Analytical Service Management System
An online Analytical Services Management System 
(ASMS) was developed to enhance the utility of 
the NIFH to the public and is linked to the CWRDM 
website. Through ASMS, anyone who desires 
to do isotope analyses, can access the site, get 
information on the available equipment, status of 
each equipment, book the instrument for stipulated 
time, submit datasheets, view/contact status of 
booking, seek assistance in sample preparation, 
e-mail alerts of current status, download indent 
forms and get the results. 

Capacity Building
Recognizing the exiguousness of experts in isotope 
hydrology, efforts were made to disseminate the 
knowledge through rigorous week-long residential 
training courses under the aegis of SERB. With the 
right mix of theory, case studies, practical and field 
work, the trainees were exposed to the cutting 
edge technology of isotopes. About 250 scientists 
from different parts of the country representing 
academic institutes, State & Central departments, 
R & D centers have benefitted from 11 training 
courses conducted so far. 

In addition to these regular training courses at 
CWRDM, several one-day workshops were organized 
at various institutions in many parts of the country 
to popularize this novel technique. Around 2000 
personnel were exposed to the potential of the 
isotope technique in basic and applied research. 

Research Themes
As a step towards increasing the acceptance of 
isotope methodologies in mainstream water 
resources management and decision-making 
processes, a variety of hydrological problems 
were addressed in varied environmental settings 
in the country. These projects were implemented 
in different universities, NITs and R & D centres 
to probe specific hydrological intricacies. Isotopic 
composition of precipitation, Identification of 
interaction among water bodies, groundwater 
recharge mechanisms, water balance studies 
of lakes and reservoirs, estimation of rate and 
pattern of sedimentation in wetlands, assessment 
of pollution and salinization, studies in wetland 
hydrology etc. were addressed by these projects. 
The regions investigated through these projects 
were characterized with different climatic, geologic, 
hydrologic and geographic parameters ranging 
from from humid tropics to arid regions, from 
coastal areas to high ranges, from freshwater to 
estuarine systems, from tanks to lakes, from rain to 
deep groundwater spread across length and breath 
of the country.

Research Outcomes
Monsoon Characterization
The dual Indian monsoon system was isotopically 
probed in two different scenarios of rain formation 
– orographic lift and convective precipitation – in 
two different climates – warm, humid environment 

Fig.1: Isotope Ratio Mass Spectrometer Fig.2: Alpha Spectroscopy System
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of Kozhikode, Kerala and semi-arid environment 
of Hyderabad, Telangana. The two monsoons are 
characterized by distinct isotopic signatures which 
are a consequence of different origins of vapour 
source and the rain out history. Anthropogenic-
induced alterations in atmospheric water vapour 
were visible in the rain water of Hyderabad. 
Decrease in tritium radioisotope on a decadal 
scale in precipitation samples indicated that the 
radiation caused by the upper atmospheric nuclear 
bomb experiments of the past has ceased due to 
the natural degradation of the isotope. 

Interactions of Surface Water and Groundwater
River – Groundwater
The Gadilam river in Tamil Nadu and the Chaliyar 
river in Kerala were investigated to understand the 
nature and extent of interactions between the river 
and groundwater. In the Gadilam river basin, in the 
downstream area, saline water intrusion, industrial 
effluents and agricultural runoff were deteriorating 
groundwater quality. The groundwater resources 
were recharged mainly by rainwater in the lower 
reaches and in the upper part, evaporation along 
the fractures is significant. The movement of 
groundwater was from the NW to SE direction 
and the groundwater flowed from the hard rock to 
sedimentary environment. 

In the Chaliyar river basin of Kerala, the groundwater 
resources were recharged mainly by the rain water 
even though seasonal changes in the fraction 
contributed was observed. The upstream regions were 
mainly recharged by rainwater (up to 60%) and the 
middle regions showed 40-50% and the groundwater 
in the downstream regions showed 30% recharged 
by rainwater. It was also observed that the north east 
monsoon rains do not contribute to the groundwater 
of Chaliyar river basin in any significant manner. A 
rapid downward flow of groundwater from the upper 
reaches was observed too. 

Reservoir – Groundwater
Musi River in Hyderabad was selected to find out 
the interaction of large reservoirs with groundwater 
in the catchment area of rivers. The reservoirs, 
Osmanasagar (48-99%) and Himayatsagar 
(35-99%), were observed to be contributing 
significantly to the groundwater of the region. The 
complex heterogeneity of the hard rock underlying 
the reservoirs and surrounding areas were the 
cause for variation in percentage contribution and 
is not related to the distance from the reservoirs. 
Fig. 3A & 3B shows groundwater sampling and 
plot of interconnection between reservoir and 
groundwater in the Musi river basin.

 

Groundwater sampling and plot of interconnection between reservoir and groundwater in the Musi 
River basin, Hyderabad 

*(Oxygen (δ18O) and hydrogen (δ2H) isotope ratios of groundwater samples and reservoir water samples 
were plotted and groundwater samples having isotope composition  close to reservoir water sample 
isotope composition showed more interconnection) 

 

 

Groundwater sampling and plot of interconnection between reservoir and groundwater in the Musi 
River basin, Hyderabad 

*(Oxygen (δ18O) and hydrogen (δ2H) isotope ratios of groundwater samples and reservoir water samples 
were plotted and groundwater samples having isotope composition  close to reservoir water sample 
isotope composition showed more interconnection) 
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Fig.3A: Groundwater sampling Fig.3B: Plot of interconnection between reservoir and groundwater in the 
Musi river basin, Hyderabad

*(Oxygen (δ18O) and hydrogen (δ2H) isotope ratios of groundwater samples and reservoir water samples 
were plotted and groundwater samples having isotope composition close to reservoir water sample 

isotope composition showed more interconnection)
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Lake-Groundwater
Lakes with varied hydrologic characters in different 
physiographical regions were investigated. The 
freshwater lake, Vellayani, in Kerala is giving signals 
of organic pollution and in near future the lake 
water will not be suitable for domestic purposes. 
The lake water has minimal interaction with the 
groundwater of the area. 

The Vembanad Lake, the largest estuarine system 
of the Kerala state, showed seasonal stratification. 
Even the Kodai Lake on the high altitudes of the 
Western Ghats was seen affected by organic wastes 
and microbial contamination. The isotope data 
of 137Cs will give the rate and pattern of recent 
sedimentation in these lakes which will facilitate 
the proper management. 

The interaction of the urban lake, Waddepally, and 
two other lakes, Dharmasagar and Bhadrakali, with 
the groundwater in the Warangal city showed that 
wells within the vicinity of the lakes are contributing 
water to the lake whereas the lake was found to 
recharge the groundwater located within 3-5km 
range from the lake. 

The Water Quality Index of Jakkur Lake in Bangalore 
was observed as poor and unsuitable for drinking 
and propagation of wildlife and fish culture due to 
the entry of sewage in to the lake. The isotope and 
hydrochemical data suggested 
that the groundwater sources 
located on the eastern and 
south-eastern side of the lake 
were more influenced by it

Canal-Groundwater
The interaction of groundwater 
with the canal water in Haryana 
showed that two type of 
interrelationship viz. canal 
water-ground water mixing and 
canal water-irrigation return 
flow – groundwater mixing 
existed in the study area. The 
water quality at the study 
area was seen as good for 
both domestic and irrigation 
purpose. The state government 
and forest department sought 
association to protect the area 
in light of the findings of the 
project.

Percolation tank-Groundwater
The contribution of percolation tanks to the 
groundwater in a semi-arid region of Coimbatore 
was also estimated by the isotopic methods as well 
as mathematical modelling. 

Groundwater Characterization
Groundwater hydrology of the multi-aquifer system 
of Alappuzha in Kerala shows clear geochemical 
zonation. The turnover of groundwater in the aquifer 
system was very slow. The groundwater was seen 
recharged during a period with active monsoon and 
good gradient for flow.

Salinization of Coastal Aquifers
The studies on the salinization mechanism of 
coastal aquifers have been attempted in many 
places through this programme. These include 
coastal areas of Chennai city and coastal aquifers 
of northern Kerala (Fig.4). Intrusion of saline water 
into the rivers/streams of the area was limited to a 
distance of 10 km landward. 

Salinization of groundwater due to seawater 
intrusion through the estuary formed by the 
confluence of the largest river of the State, 
Bharatapuzha, was evaluated. The estuary -Beeyam 
Kayal- is influencing the quality of groundwater in 
the area and the extent of interaction depends on 
the subsurface lithology also. 

Fig.4: Interaction of seawater with groundwater in the coastal stretch of Kannur and 
Kozhikode districts, Kerala

 
 
 
 
 

 
 

Interaction of seawater with groundwater in the coastal stretch of Kannur and Kozhikode districts, 
Kerala  

* (Oxygen isotope ratios (δ18O)are plotted against the conservative tracer, chloride ion and the 
groundwater samples close to the seawater composition are prone to direct sea water ingress) 

 

 

*(Oxygen isotope ratios (δ18O)are plotted against the conservative tracer, chloride ion and the 
 groundwater samples close to the seawater composition are prone to direct sea water ingress)
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The fate of an urban marshy wetland used as a 
waste dumping site has been highlighted in the 
Pallikaranai marshes in Chennai. The different 
recharge sources of groundwater such as rain water, 
river water and tank water has been estimated. 
Intrusion of seawater to groundwater was estimated 
up to a distance of 4.8 km from the marsh. 

Pollution 
The use of isotopes in understanding the migration/
pathways of solutes (pollutants) and water in the 
unsaturated zone has been investigated in number 
of studies under this component. The heavily 
polluted industrial area of Visakhapatanam was 
selected for the study. Groundwater around the 
industrial units; Hindustan Zinc Limited (HZL), 
Coromandel Fertilizer Limited (CFL) and Hindustan 
Petroleum Corporation Limited (HPCL) was found 
to be heavily contaminated by organic, inorganic, 
heavy metal as well as petroleum hydrocarbons. The 
pathway of migration of these contaminants was 
estimated in this study and the areas that will be 
affected by the effluents by 2025 were predicted. 

Contamination of soils by pesticide was also 
investigated through the programme. The laboratory 
studies provided data for risk assessment of 
possibility of groundwater contamination through 

leaching of chlorpyrifos. Through the results 
presented in the study, the government would try to 
regulate pesticide by developing policies intended 
to diminish the probable contamination of water and 
soil by pesticide usage for health safety of public. 

The hilly ecosystem of the Nilgiris and the 
command area of Parambikulam-Aliyar project were 
investigated for the contamination by pesticide like 
butachlor, chlorpyriphos, atrazine, carbendazim, 
malathion and DDT. The adsorption, desorption, 
movement (relative mobility), degradation and 
persistent studies of important pesticide in 
soil samples representing major soil series was 
estimated. The groundwater and streams were free 
of pesticide. Some of them in the Nilgiri Hill system 
are devoid of pesticide contamination.

The wetland systems were also probed to assess the 
pollution status and the mixing pattern. The physico-
chemical and microbiological status of the Vembanad 
wetland system in Kerala was found to be in real 
threat that the lake has reached a hyper-eutrophic 
stage at certain locations. The spatial and seasonal 
dynamic nature of the lake was estimated. The lake 
was blanketed with highly nutrient rich, acidic, sand 
dominated sediments and the sedimentation rate of 
was found to be 0.51 cm/year. 

Curtin University, Malaysia

University of Dhaka, 
Bangladesh

Ground Water Department, 
Andhra Pradesh

University of Kerala, 
Trivandrum

Cochin University of Science 
and Technology (CUSAT), 

Cochin
Calicut University, Calicut

KTH Royal Institute of 
Technology, Sweden

Indian Institute of Spices 
Research, Calicut

National Institute of 
Technology, Calicut

Vellor Institute of 
Technology (VIT), Tamil Nadu

Mahatma Gandhi University, 
Kottayam

National Poly Technical 
Institute (IPN, CIIMED), 

Mexico

Beneficiary Institutions
The facility has been catering the analytical needs of many institutions,  

the list of which is provided in the table below.
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Dielectrics & their Integration into Nano-scale Logic & Memory Devices

Small Yet Significant
Udayan Ganguly, Saurabh Lodha, V. Ramgopal Rao

Kids today are often seen bragging about the memory power of their smartphones. A 
large memory helps take pictures, videos and interact with their community with less 
storage restrictions. It is not just ‘cool’’- it also makes sense- as smartphones are no 
longer just toys, they are essential for economic productivity. 

Today’s workforce enjoys computing power of advance transistors packed in fast, 
efficient and compact microprocessors at their fingertips which helps enhance 
efficiency and effectiveness. Remotely cotrolled devices using internet or Google 
maps directing traffic to enhance roadway utilisation and reduce commute time 
are just two examples. Going forward, "internet of things" is the idea of connecting 
everything to the internet for individuals to interact with the world irrespective of 
their physical location. 

While this is exciting for the end user, it is also exciting for researchers working on 
nanoscale memory and logic devices. The excitement is two fold.. First, it gives a unique 
opportunity for translating laboratory ideas into technology for societal consumption. 
Second, it involves exploration of new physics with sophisticated tools to study new 
phenomenon and then leverage them for technological benefits in the future.
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Dielectrics in Logic, Memory
At the heart of the fascinating world of electronics 
are really three types of materials - a metal (good 
conductor), an insulator (poor conductor) and a 
semiconductor - a material whose conductivity 
can be controlled from insulating to conducting 
by various methods. Electric field is one way 
to control the conductivity of a semiconductor 
to enable a transistor, which forms a nanoscale 
switch. A metal electrode is separated from 
a semiconductor by an insulator (called the 
gate dielectric) such that an electric field can 
be applied on the semiconductor without 
conducting any charge. The “magic” is that 
the field effect is enhanced as the insulator is 
made ultra-thin e.g. a nanometer in thickness. 
However, at such thicknesses (approximately 10 
atoms thick), the insulating properties still need 
to be maintained. Such a technique requires an 
atomic layer deposition (ALD) capability - which 
deposits the insulator atomic layer by atomic 
layer to enable precise thickness control and 
uniformity. This capability enables the creation 
of nano-scale switches needed for CMOS 
transistors, which make up the microprocessor 
circuits. These switches are used to implement 
arithmetic and logic operations which operate on 
data, e.g. an image from a camera (which is data) 

compressed by a programme (a list of arithmetic 
and logic operations) to reduce the data size 
without reducing the image clarity. So the “data” 
is really the product of the microprocessor which 
needs to be stored and recalled frequently. 
Recently, memristors have been proposed where 
the memory is stored as the resistance of a 
resistor with multiple resistance states - which 
is controlled electrically. For example, an ionic 
oxide (e.g. HfO2) occurs as Hf4+ and O2- states. 
When a substantial electric field is applied in a 
Ti/HfO2/Pt device to drive O2- ions out of the HfO2 
film into the Ti electrode, a sub-stoichiometric 
HfO2-δ film is formed - which is conducting. The 
opposite polarity is able to drive back the O2- ions 
to restore the stoichiometry of HfO2, returning it 
to the insulating state. Thus the resistance can 
be changed electrically at high bias and remains 
unchanged at low bias - where its value can be 
‘read’ without affecting the resistance value. 
The correct ionic bonding (not too weak or too 
strong) may be engineered by mixing oxides with 
different cations (e.g. HfxAl1-xO or Pr1-xCaxMnO3 
etc). Such a process is tedious and can be 
accelerated by creating a composition gradient 
in position in a single wafer. This requires a multi-
target combinatorial sputter where composition 
gradients are produced.

Figure 1. A Ge transistor schematic and TEM image of Ge with Al2O3/HfO2/TiN gate stack with atomic scale resolution.  
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Augmenting IITB Nanofab: A Nationally 
Accessible Shared Facility
These capabilities have been placed at IIT Bombay 
Nanofab - a shared facility where research and 
development resources are consolidated and 
opened for access by the national nanoelectronics 
community. Academics may access these facilities 
free of cost through the Indian Nanoelectronics 
Users Programme (INUP) programme. Industries 
can get paid access. The lab is IT enabled for 
access, accounting and management.

Germanium Transistors for High-
Performance Circuits
Silicon (Si) has been the workhorse of all 
microprocessors for the last 50 years. This is 
driven by the fact that we have been able to 
squeeze out more and more performance from 
Si every two years as seen in the form of faster 
laptops, mobile phones and desktops. However, 
Si is now running out of steam and the big 
question is - which material can replace Si to give 
the enhancement in computing performance? 

Figure 2.: Molybdenum Disulphide MoS2 is a 2D layered semiconductor with a bandgap (unlike graphene) where the contact 
resistance was reduced by an ultrathin (1-2 nm) ALD TiO2 interfacial layer. 

Figure 3.:  A thermal model of device stack with hysteresis in IV characteristics shows memory.

Small Yet Significant
Dielectrics & their Integration into Nano-scale Logic and Memory Devices
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Germanium (Ge) is one promising candidate. 
This is because it can give, for the same size of 
transistors and voltages, much higher currents 
(and hence performance) than Si. It is also a close 
chemical cousin of Si and hence easier to adopt 
in existing Si fabs. 

One key challenge with realizing this promise of 
Ge is the ability to deposit a thin dielectric (~1 nm 
thick) such that its interface with Ge is clean and of 
a high quality from an electrical perspective. This 
thin dielectric needs to be capped with another, 
slightly thicker dielectric and a metal on top for 
applying voltage signals that make the transistor 
act as a switch that turns on and off. The entire 
stack needs to be deposited in-situ, i.e. all layers 
are deposited one after the other under vacuum 
inside a tool without bringing the Ge wafer out 
into the air. Further, one needs to control the 
thickness of the layers precisely, down to the 
level of Angstroms. Atomic layer deposition (ALD) 
can fulfil both these requirements. As shown 
below, Ge transistors with thin dielectrics and 
high quality interfaces were fabricated using 
such an in-situ stack deposited by an advanced 
plasma and thermal-based ALD tool. Besides this 
dielectric/metal stack the transistor also needs 
other structures- like the n+ regions, the Cr-Au 
metal wires etc. to function. Overall, one transistor 
process run in the IIT Bombay nanofabrication 

facility requires nearly 40 process steps from 
start-to-finish followed by detailed electrical 
characterization and analysis of the fabricated 
transistors to understand the working of the 
dielectric/metal gate stack. Under the DST IRHPA 
project, scientists were able to fabricate and 
demonstrate high performance, scaled, state-of-
the-art Ge transistors that have paved the way 
for the adoption of Ge in future microprocessor 
technologies.

Two-dimensional (2D) Semiconductors 
for Low-Power Electronics
Just like Ge can enhance microprocessor 
performance (speed), there is also a need 
for lowering  the  power  consumed  by 
microprocessors, or electronic chips in general. 
Lower power consumption increases battery 
life which is a critical consumer requirement 
for mobile phones, laptops, tablets etc. A 
recently discovered class of materials, called 
2-dimensional layered or van der Waals materials, 
has opened up the possibility of achieving ultra-
low power microprocessors. These materials 
occur naturally as 2D sheets of single atom/
molecule thickness that are loosely coupled with 
each other and hence can be easily separated. 
Hence it is possible to make transistors with 
a single sheet of pristine 2D material that is 
about 0.7-0.8 nm thick. Because of the ultra-thin 

Figure 4.: A synapse in biology converts voltage spikes to current analogous to a resistor. A learning rule in biology where 
conductance changes (ΔG) with neural spike time (Δt). Analogous behavior is demonstrated with PCMO RRAM.
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nature, there is no unwanted (parasitic) leakage 
current that can consume battery power. One 
such 2D semiconductor is MoS2 (molybdenum 
disulphide) can give ultra-low power transistors 
for future electronic chips.

A key challenge however is to lower the resistance 
of the transistor when it is connected to external 
circuits. An ultrathin (1-2 nm) TiO2 interface layer, 
again deposited by ALD was added to lower the 
resistance significantly, by nearly 30 times.

Avoiding Filaments in Memristors
When a voltage is applied to insulating oxides 
(e.g. HfO2), the results is analogous to a lightning 
strike in the nanoscale. Just like a lightning, a 
locally conducting nanoscale filament is formed. 
But there are challenges. Firstly, the filament 
formation process is difficult to control - because 
it has a lightning like randomness. Each cell has 
a very large variation that makes ‘0/1’ states 
difficult to distinguish. Secondly, a filament 
makes the device current independent of the 
devices size. Thus, scaling the device size does 
not reduce the energy of operation. Further, 
the filament requires high voltage to initiate - 
a process known as ‘forming’ - which requires 
additional control circuits which guzzle chip 
area. Thus, the manufacturing ease of materials 
like HfO2 is counterpoised by the “noise and 
variability” and “high voltage forming” related to 

the fundamental physics of filaments.  

An alternative is to use semiconducting oxides 
(e.g. Pr1-xCax MnO3 or PCMO in short) where the 
application of bias requires that the resistance of 
the entire thin film increases while an opposite 
bias restores the highly conducting state - of the 
entire film, thus avoiding filaments. This mitigates 
the issues of ‘forming’ and ‘noise and variability’ 
- thus improving the prospects of large memory 
capacity implementation. 

So what enables these materials to switch 
resistance of the entire film? Our studies 
showed that the method of current transport was 
augmented by joule heating in the film at high 
voltage/ currents due to PCMO’s high thermal 
resistivity. As resistance change requires ionic 
transport, the heating enabled fast switching 
observed at 100 ns timescale. Simultaneously, 
long memory stability was observed. In another 
study, the joule heating produces a highly non-
linear IV characteristics of ~10mV/decade, 
which enables a memory element that works as 
a memory coupled with a rectifier with a record 
performance - which is very attractive for high 
density memories. Further, the composition space 
of Pr1-xCaxMnO3 was explored by varying (x) to 
observe the change in ion transport energy barrier 
and thermal conductivity with composition. 
Being relevant to cutting-edge memory industry, 

Figure 5.: Nanoscale capacitor breakdown is fundamentally stochastic - akin to a “lightning strike” which generates a ‘secret’ 
barcode in the chip. The barcode is akin to unique ‘fingerprint’ that can be used for authentication and secure chips.   

Small Yet Significant
Dielectrics & their Integration into Nano-scale Logic and Memory Devices
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Applied Materials sponsored a fast materials 
screening methodology development for memory 
applications. 

Enabling “Brain like” Computing
While memory technologies provide the platform 
to support the data explosion in conventional 
computing, it’s role to emulate ‘brain like’ computing 
is transformational. The brain consists of a network 
of neurons connected by synapses. Learning is 
equivalent to setting the synaptic strengths of 
the network to specifically direct information flow 
between neurons. Simplistically, the synapses are 
resistors which may be set as ‘open’ or ‘short’ or with 
intermediate strengths to enable a reconfigurable 
network connections. The ‘learning rule’ is based 
on synaptic spike times - e.g. when a synapse 
connects two neurons, then it will get stronger 
when both neurons spike simultaneously. This 
is captured by the maxim that “neurons that fire 
together, wire together”. Our group demonstrated 
that such synaptic functions can be derives from 
PCMO based memristors. Further, nature exhibits 
a large number of different ‘learning rule’. Our 
group demonstrated that ‘arbitrary ’ learning rules 
can be implemented in PCMO synapses - using a 
generalized approach. Such synapse technologies 
enable applications from classification, recognition 
in supervised application (where a teacher provides 
correct responses for the network to emulate) to 
clustering in unsupervised applications for energy 
efficient ‘brain like’ computing.

Using Filaments: Encryption Technology 
for National Security
Filaments are challenging to ‘beat down’ to the 
conformity in view of the tight specifications 
and fine tolerances expected in high volume 
manufacturing of memories. Yet, randomness 
maybe exactly what the doctor ordered for 
some applications. One such application is the 
generation of Physical Unclonable Function (PUF) 
as a unique barcode for other identical mass 
manufacturable chips.  Imagine our government 
official traveling to a different country and is 
relying on an unsecured phone. Such a phone 
can be cloned by programming another phone 
with the same ID numbers. A secure chip in a 
phone is different. It has an ID that no one knows. 
Hence it cannot be assigned to another phone. 

This ID is spontaneously generated after the chip 
is manufactured by the filamentation process 
in insulators when a bias is applied across a 
capacitor. The bias is carefully adjusted such that 
50% capacitors break down by filamentation 
while 50% does not. However, as in the case of a 
lightning strike - whose location is impossible to 
predict, so it is impossible to guess a priori which 
capacitors are blown (i.e. ‘short’ circuit) and which 
are intact (i.e. ‘open’ circuit). Thus each chip has a 
unique ID programmed by the naturally stochastic 
process of nanoscale breakdown. Simple as it 
sounds, this is essential for a secure network of 
phones to protect national secrets. That is not all. 
It may be used for any secure electronic systems 
which are pervasive e.g. e-commerce, internet of 
things etc. Realizing the potential, our team has 
demonstrated this technology on a 180 nm CMOS 
manufacturing line at Semi Conductors Labs 
Chandigarh. The team won Dr. P.K. Patwardhan 
Technology Development Award in 2018 for this 
demonstration. Presently, the Principal Scientific 
Advisor’s office is driving the product level 
translation for DRDO through a multi-institution 
team consisting of IIT Delhi, SETS Chennai, SCL 
Chandigarh lead by IIT Bombay.

An adventure in S&T and translation
It is interesting to look back on a project that was 
pushed for capability development under the 
Intensification of Research in High Priority Areas 
(IRHPA) scheme. We remember the Chairman Prof. 
Surendra Prasad asking the team after an intense 
discussion during project proposal review - ‘So the 
exact path is speculation - right?’. For scientists and 
engineers, it is an important admission. Einstein 
was famously quoted for saying “If we knew what 
we were doing it wouldn't be called research”. 
The project was granted – with great faith in 
addition to a rigorous review. Many students, 
staff, papers, patents and a technology transfer 
later, it seems that the purpose of capability 
building has panned out in myriad ways - some 
expected and many largely unexpected. While Ge 
transistor and oxide memory were expected, the 
development of 2D electronics, neuromorphic 
devices and translation of encryption technology 
were surprises. This basket of surprises is the 
charm of research.
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In this study being conducted at Department of 
Zoology, Punjabi University, Patiala under the 
leadership of Dr. Himender Bharti, a comprehensive 
and critical list of Indian ant species is provided 
with up-to-date state-wise distribution. A total 
of 828 valid species and subspecies names 
belonging to 100 genera are listed from India. 
Potential erroneous data, misidentifications and 
dubious distributional records that may exist in 
the literature have are also been identified. The 
data will provide a holistic view about diversity 
and distribution and will also help to identify 
major undersampled areas where future sampling 
and taxonomic efforts should be directed.

Life cycle patterns of most of high altitude Myrmica 
species have been worked out. After nuptial flight 
in July-August, the inseminated queen undergoes 
overwintering and on the onset of spring in April 
lays first batch of eggs, which develop in to larvae. 
Larvae after three instars pupate and develop 
into rapid worker force by May-June. It has been 
observed that the larvae destined to become males 
and gynes develop up to third instar stage by the 
end of summer and enter diapause during winter. 
These sexual forms mature in to adults in next 
summer for the purpose of reproduction. Thus for 
the development of sexual forms overwintering is 
required, which has not been observed in case of 
worker caste. (“Forest Entomology Emerging Issues 
and Dimensions”; Page 1-13. Narendra Publishing 
House, Delhi 2014)

The sexual forms of Myrmica pachei Forel, 1906, 
Myrmica cachmiriensis Forel, 1904, Myrmica 
aimonissabaudiae Menozzi, 1939, Male of Myrmica 
inezae Forel, 1902, Myrmica smythiesii Forel, 1902, 
Myrmica wittmeri Radchenko, Elmes & Collingwood, 
1999, Myrmica foreliana Radchenko & Elmes, 2001 
collected during the study have been imaged, 
described and the research article is under process 
for publication.  

To study the ultrastructure of larval stages, SEM has 
been performed on Myrmica species viz. Myrmica 
rupestris Forel, 1902, Myrmica hecate Weber, 
1947, Myrmica smythiesii Forel, 1902, Myrmica 
aimonissabaudiae Menozzi, 1939 and Myrmica 
wardi Radchenko et Elmes, 1999. Based on the 
study of sexual forms and developmental patterns 
of Myrmica species; a very significant piece of 
information has been worked out. It has been 
established that the life cycle of Myrmica inezae 
Forel, 1902 is basal to all the Himalayan Myrmica 
species. Journal. ZooKeys. Vol. 605, 113-129. 2016)

Myrmica pachei which belongs to pachei species 
group have been collected from India for first 
time; from an altitude of 3500m at Jaswantgarh, 
Arunachal Pradesh. Altitudinal diversity, Distribution, 
Endemism and Ecology of Himalayan Myrmica 
species has been worked out for the first time. Some 
of the species like Myrmica inezae Forel, 1902, 
Myrmica cachmiriensis Forel, 1904 and Myrmica 
wardi Radchenko et Elmes, 1999  have been found 
to be habitat/topographic specialists, while others 
like Myrmica aimonissabaudiae Menozzi,1939 have 
been found to be weedy. (Journal of Sociobiology 
Vol. 63, issue 2, 748-754. 2016)

Molecular Phylogeny and Biology of High Altitude Ants of Genus Myrmica

Analysing Ants 
The project was conceived with the 
following objectives :-
• To study the phylogenetic patterns of 

association between Himalayan species of 
Myrmica. 

• To delineate species groups and species 
based on molecular data, thus to redefine 
species groups in Myrmica. 

• To study the life cycles of high altitude 
Myrmica species.
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A new socially parasitic red list species has been 
described from high altitude regions of Himachal 
Pradesh from the nests of M. aimonissabaudiae 
and have been named as Myrmica latra (Figure 1 
& 2). An ectoparasitic blowfly of genus Stomorhina 
was observed parasitizing larvae of mostly three  
Myrmica species: M. aimmonissabaudiae, M. 
rupestris and M. hecate and the preference for these 
three species as host might be attributed to (a) nest 
structure: which is huge, in open grassland and 

under direct sunlight; (b) Polydomy: the species 
spread by fission and occupy most of the available 
niches; (c) nest temperature: conducive for the 
development of parasite; (d) high altitude stress: 
(low temperature) the tolerance level of the host 
species is quite high, which is exploited by the 
parasitic species to breed and proliferate in the 
host’s nest. (Journal. Insectes Sociaux. Vol.63, issue 
3, 477-480, 2016).

Figure 2 : Images of  Myrmica latra male : a) Head; b). Profile view; c). Dorsal view

Figure 1: Images of Myrmica latra queen : a) Head; b) Profile view; c) Dorsal view
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For the sake of avoiding philosophical 
controversies, and the scope of this article, 
let us assume 'thinking’ or ‘thought-capability' 

is an oversimplified synonym for ‘computing’ or 
'computational-capability'. Present day digital 
computers and almost all computational platforms 
are based on  Von Neumann architectures, named 
after the pioneering work of the legendary Austrian-
Hungarian inventor Jon Von Neumann (1903-57). 

In systems based on Von Neumann architecture, 
there exist certain hardware blocks dedicated for 
the purpose of computation (example ALU, CPU 
etc.) and separate blocks dedicated for storage 
(example RAM, ROM, Disk, etc.). These two classes 
of blocks interact and communicate with each 
other (when required) through electrical wires. Von 
Neumann architecture has been the backbone of 
all digital computational systems since the very 
inception of computers and the electronic hardware 
based on it has scaled exceptionally well for several 
decades in accordance with Moore’s law. Thanks to 
the modular approach of Memory-Computation 
blocks in this architecture, engineers and scientists 
have been able to drive aggressive Performance vs 
Cost roadmaps of consumer electronics (desktops, 
laptops, smartphones, storage devices, etc.) 
generation after generation (by scaling CMOS-
logic and memory devices). However, like all 

dreams come to an end, the answer to future of 
computing doesn’t lie in simply packaging more 
& more transistors or bits on a single die. Scaling 
cannot continue indefinitely due to- (i) physical 
microscopic factors (such as lithography limitations, 
fabrication and process control issues, leakage 
currents, nanodevice variability/stochasticity), and 
(ii) macroscopic system level trade-offs (such as 
memory wall, power wall, coding types, bandwidth, 
frequency etc.). 

The deterministic Von Neumann architecture in 
particular, is very sensitive to these nuances. 
Recent explosion of cloud based services, social-
media, e-commerce, data centers, Internet of 
Things (IoT), falling cost of sensors, smartphones/
tabs etc. has led to generation of enormous troves 
of data. With this enormous data comes the need to 
develop more powerful and efficient hardware for 
Big Data Analytics. Not only is the volume of this 
data high but also its nature is highly asymmetric 
and asynchronous. Effective treatment of such 
data requires computational architectures and 
hardware that can efficiently handle complex 
tasks such as- pattern recognition, extraction, 
matching, classification, regression, autonomous 
unsupervised and supervised learning etc. The 
answer lies in looking at certain memory driven 
architectures that are fundamentally different 

To Remember or to Think? 

Moving Towards a 
Memory Centric Age
If one were to choose between following superpowers - (i) a brain with the best 
thinking prowess in all mankind (be it quantitative or qualitative) but with absolutely 
no memory or (ii) a brain with infinite memory (but absolutely no capability to think 
or compute), which one would you choose? It turns out neither of the two exclusively 
are any good. To make use of thoughts, one needs some finite memory to retain 
information for any duration of time. An endless bank of memory with no ability to 
think is as good as an encyclopedia that can never be utilized. Fortunately nature 
has blessed mammals and other intelligent beings with generous proportions of 
thought-capability and memory simultaneously.
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from Von Neumann 
and better equipped to 
handle aforementioned 
applications. Through 
the support of SERB EMR 
project (Grant No. SB/
S3/EECE/081/2015) , 
Prof. Manan Suri and 
his research team at IIT-
Delhi explored novel 
non Von Neumann 
computing architectures 
and applications of 
Emerging Non Volatile 
Memory Technology and 
nanodevices (Fig.1&2). 
In particular the 
architectures inspired 
from- (i) Computational 
Neuroscience, and (ii) 
Machine-Learning (ML) were explored. The key 
aspect for both these architectures is that Memory 
is Intelligent in either of them. In other words, 
unlike Von Neumann, same pieces of hardware 
simultaneously share the functions of computation 
and storage. Coming back to the initial question 
of superpowers, memory and computation are 
not isolated anymore. Imagine that if every bit in 
your 1 GB pen drive could perform even a simple 
computational task (like addition, multiplication 

etc.) apart from just storing binary 1s and 0s,  
the pen drive would become a computational 
powerhouse!. Nature, in particular mammalian 
brains, are believed to work in similar ways. The 
human cerebral cortex is estimated to have about 
1011 neurons and 1015 synapses (~ 103-4 synapses/
neuron). Learning leads to formation of different 
neural networks (ensemble of neurons & synapses 
working coherently) inside the brain to perform 
specific intelligent tasks such as vision, auditory 
perception etc. 

between metallic electrodes (see Fig. 1). Different memory 
states can be realized by modulating the resistance or 
conductance of the active insulating layer on application of 
voltage or current across the OxRAM device terminals [21]. 
As-fabricated pristine OxRAM devices lie in a highly resistive 
insulating state, and need to undergo a soft-breakdown 
(commonly known as ‘Forming’) corresponding to the 
injection of oxygen vacancies in the transition metal-oxide 
(TMO) insulating layer. Resistive switching mechanism 
involves the bias-controlled drift-diffusion of oxygen 
vacancies/defects into the insulating TMO layer, leading to a 
modification of the device conductance.  For this study, we 
fabricated two different OxRAM stacks containing TiO2 
(titanium based) and HfO2 (hafnium based) switching layers. 
Both devices were realized in a crosspoint structure (see inset 
of Fig. 1c). The TMO layers were grown by atomic layer 
deposition and sandwiched between a 200 nm bottom wire 
(bottom electrode) and 200 nm top wire (top electrode) 
realized by e-beam lithography. Two different underlying 
physical mechanisms can be identified to explain the working:  

(i) For TiO2 OxRAM, the fabricated device stack 
corresponds to Si/SiO2/Ti/Pt/TiO2-x/TiO2/Pt (figure 1a). 
Resistive switching can be attributed to the modulation of the 
barrier height at the TiO2/Pt interface when oxygen vacancies 
are attracted/repealed to/from this interface [3]. The resulting 
current-voltage (IV) curves (with grounded bottom electrode) 
result in smooth hysteresis loops (figure 1c). Positive bias 
induces oxygen vacancies to move away from the interface 
resulting in OFF (or RESET) switching transition while 
negative bias induces accumulation of oxygen vacancies at the 
interface thus resulting in ON (or SET) switching transition. 
(ii) HfO2 devices correspond to Si/SiO2/Ti/Pt/HfO2/Ti/TiN 
stack (figure 1b) where top Ti layer acts as a vacancy reservoir 
for the formation of a vacancy-rich conducting filament in the 
HfO2 insulator [13]. Application of positive bias (with 
grounded bottom electrode) induces formation of the 
conductive filament from top to bottom electrode (SET or 
ON) while negative bias induces disruption of the filament 
(RESET or OFF). Resulting IV (current-voltage) 
characteristics (figure 1d) show sharp SET/RESET transition 
with current limitation imposed during SET operation in order 
to limit overstressing of the device. 

 

B. Device characteristics 

Figure 1c and 1d show the IV characteristics of 10 different 
TiO2 and HfO2 devices respectively, undergone forming 
process in similar conditions.  For either technology, a 
significant device-to-device dispersion can be observed 
mainly due to the required forming step. While a current limit 
is imposed during forming, the process is intrinsically random 
and overshoot currents cannot be avoided [14]. Table 1 
summarizes the experimentally observed dispersion (mean and 
standard deviation) obtained on a sample of 10 fabricated 

TiO2 and HfO2 devices for both ‘ON’ and ‘OFF’ states. 
 

 
Fig. 1: Schematic of our fabricated stacks for (a) TiO2 and (b) HfO2 
OxRAM devices. Corresponding IV-curves for 10 devices of each 
type are shown in (c) and (d) respectively. (Inset of Fig. 1c shows the 
SEM image of the TiO2 cross-point OxRAM device). 
 

Fig. 2: Extracted (log-normal) ON and OFF resistance distributions 
for TiO2 and HfO2 OxRAM devices (parameters listed in Tab. 1). 

Table 1: Extracted ON/OFF resistance spread parameters for our 
TiO2 and HfO2 OxRAM devices. 

Device, State Mean (kΩ) Standard Deviation (log10R)

HfO2 On 22.89 0.16 

HfO2 Off 3985.70 0.36 

TiO2 On 3.68 0.14 

TiO2 Off 193.50 0.26 

 
Device-to-device ON and OFF state resistance spreads are 
shown in Fig. 2, generated by applying a log-normal 
distribution to the experimental parameters listed in Table 1. 
While the physical-intrinsic and process related variability 
may pose an unwanted limitation for conventional OxRAM 
storage applications, we show in the following sections, how 
our proposed OxRAM-ELM architecture exploits this 
undesired variability as an advantage for efficient computation 
in ELM type architectures. 

Fig. 1 : Fabricated nanoscale OxRAM devices for (a) TiO2 and (b) HfO2 stacks. (c) and (d) show 
corresponding IV curves with an Inset SEM image of the TiO2 device [2].

Fig. 2 : Proposed Hybrid CMOS-OxRAM ELM Architecture for multi-class classification [2].
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Moving Towards a Memory Centric Age
To Remember or to Think? 

Formation of such networks can be attributed to 
the adaptable channels (also called as synapses) 
that connect multiple neurons. Owing to their 
plasticity, the synapses can change the strength 
of communication between two or more neurons 
in accordance with certain learning rules. In ML 
paradigms the synapses become synonymous to 
weights interconnecting different activation nodes 
(neurons). Regrdless of the term used for describing 
them - Artificial Intelligence (AI), ML, Artificial 
Neural Nets (ANNs) or Hollywood style Terminators 
- software-implementation of such computational 
techniques on top of digital Von Neumann hardware 
has been around for a while. However the full 
potential of these techniques in terms of low silicon 
footprint and low power dissipation can only be 
realized if the implementation is directly at the level 
of the hardware architectures, i.e. the hardware itself 
is adaptable, reconfigurable and wired according 
to the principles of computational-neuroscience 
or ML. Through the support of SERB, the research  
group conceptualized neuromorphic hardware 
systems for efficient cognitive computation. It led 
to a strongly interdisciplinary research activity 
involving diverse areas such as nanoelectronic 
device fabrication, electrical characterization, 
modeling, simulation, development of programming 
schemes, circuit-design, computational 
neuroscience, learning rule optimization and 
system level applications.  

The strength of this approach lies in the use of 
emerging NVM nanodevices (like RRAM, also known 
as memristors) to emulate synaptic or weight 
functionality. 2-terminal RRAM devices are similar 
to biological synapses which makes them a natural 
choice for building dense computational hardware 
with intelligent memory bits. The research group 
worked with diverse flavors of emerging RRAM 
technology. For instance, Fig. 1 shows oxide based 
nanoscale OXRAM devices that were fabricated and 
tested for hardware ELM architectures [2].  

At level of algorithms, Prof. Suri and his team 
successfully validated Spiking and non-spiking 
approaches. For spiking systems, the team 
exploited different flavors of a biological learning 
rule known as Spike-Timing Dependent Plasticity 
(STDP), and short term plasticity (STP) [7]. For non-
spiking systems, approaches such as hybrid CMOS-
RRAM Extreme Learning Machines (ELMs) [2], [3] 
and Restricted Boltzmann Machines (RBMs) [5] 
have been developed. Some of these techniques 
form the basis of future RRAM based hardware 
for deep learning. In all, the designs, undesired 
nanoscale device attributes such as variability and 
stochasticity were gainfully expolited [2], [3], [5]. 
This makes the systems resilient to unavoidable 
defects that arise out of aggressive scaling, an 
attribute unseen in conventional Von Neumann 
architectures.  

Validation of different applications such as visual 
pattern extraction, multi-class image classification, 
regression etc. have been made. The research group 
has also demonstrated proof-of-concept networks 
for diverse real world datasets such as- satellite 
images and healthcare diagnostics [2], [9]. In 
addition, bio-inspired computation sensing [6] and 
security applications [9] of NVM nanodevices were 
also proposed and demonstrated. 

The research team has been able to setup dedicated 
test facilities at IIT-Delhi for characterizing 
nanoscale NVM technology for unconventional 
applications. The pioneering results, obtained 
through the support of SERB were communicated in 
the form of 34 publications, 2 patent applications, 
and 16 invited talks. Work done under the project 
was recognized by the scientific community 
through several highly prestigious global awards 
& recognitions such as; Best Poster at IEEE NVMTS 
- 2015; IEI Young Engineer’s Award (2016); NASI 
Young Scientist Award (2017); IEEE EDS Early Career 
Award (2018) and MIT Technology Review’s 35 Top 
Global Innovators Under 35 Award (2018). 
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We are pleased to bring to your attention the following relevant and potential  
exciting scientific deliberations planned in the near future in India. 

Event & Website Organizer Date & Place

INTERNATIONAL
International Conference on Current Trends in Advanced  
Manufacturing and Energy Systems (CTAMES-2019) 
URL: http://ctames2019.com

KKR And KSR Institute Of 
Technology And Sciences

April 26-27, 2019 
Guntur, Andhra Pradesh

International Workshop on Clinical Spine and Orthopedics Biomechanics
URL: http://spineorthobiomechanic2019.isiconline.or

Indian Spinal Injuries Centre April 26-28, 2019 
Vasant Kunj, Delhi

Provectus Plantae-2019 International Conference on  
Exploring the Scope of Plant Genetic Resources 
URL: https://www.keralauniversity.ac.in/

Kerala University May 22-24, 2019 
Thiruvananthapuram, 
Kerala

Energy, Functional Materials and Nanotechnology &  
Sustainable Environment Management (ICEFN&SEM-2019) 
URL: www.icefn2019.in

Kumaun University May 24-26, 2019 
Nainital, Uttarakhand

Intelligent Information Socio Medical Sciences Modelling 2019
URL: http://www.svpgcollege.org.in/

Swami Vivekanand 
Government Post Graduate 
College Lohaghat

June 05-07, 2019 
Champawat, 
Uttarakhand

International Conference on Differential Equations and Control Problems - 
Modelling, Analysis and Computations (ICDECP19)
URL: iwww.iitmandi.ac.in/icdecp19

Indian Institute of 
Technology, Mandi

June 17-19, 2019
Mandi, Himachal 
pradesh

International Conference on Number Theory and Graph Theory
URL: www.uni-mysore.ac.in/ICNG2019/

Mysore University June 27-29, 2019
Mysore, Karnataka

NATIONAL
Industrial IoT Trends in Digital Manufacturing
URL: www.mec.edu.in

Muthayammal Engineering 
College

April 25-27, 2019 
Namakkal, Tamil Nadu

National Workshop on Modeling of Novel Nanoelectronic Devices  
and Circuits for ULSI Technology
URL: https://www.nitt.edu/

National Institute of 
Technology

April 26-30, 2019 
Silchar, Assam

Immunology Update: Symposium cum workshop on  
Transplant and Cancer Immunology 
URL: http://pgimer.edu.in

Post Graduate Institute 
of Medical Education and 
Research (PGIMER)

April 29-30, 2019 
Chandigarh

First National Conference on Space and Atmospheric Science (NCSAS-2019) 
URL:http://www.sanjayghodawatuniversity.ac.in/conference/ncsas2019.html

Sanjay Ghodawat University May 10-11, 2019 
Kolhapur, Maharashtra

Advances in Food Processing for Sustainable Food Security 
URL:http://nitrkl.ac.in/FP/Conferences/AFP2019/Index.html

National Institute of 
Technology

May 17-18, 2019 
Rourkela, Odisha

3rd Workshop on Machine Learning & Data Analytics
URL:https://mlda.iiita.ac.in/index.php

Indian Institute of 
Information Technology

May 25-31, 2019 
Allahabad, Uttar Pradesh

National Conference on Stochastic Differential Equations and Applications
URL: https://iist.ac.in/csdea2019

Indian Institute of Space 
Science & Technology

June 06-07, 2019
Thiruvananthapuram, Kerala

Bicentenary commemoration of 1819 Intra-plate Allah band Earthquake of 
Kachchh basin : Past chronicle and future opportunities
URL: http://www.kskvku.ac.in/

Krantiguru Shyamji Krishna 
Verma Kachchh University

June 15-16, 2019
Kutch, Gujarat

Disaster Mitigation And Management
URL: www.kpriet.ac.in

KPR Institute of Engineering 
and Technology

June 21, 2019
Coimbatore, Tamil Nadu

National Workshop on “Recent Advancement in Molecular Immunology 
Research for Sustainable Aquaculture”- 2019
URL: https://www.kufos.ac.in/

Kerala University of 
Fisheries and Ocean 
studies (KUFOS)

June 26-28, 2019
Kochi, Kerala

Advanced Quality Engineering Techniques-AQET-2019
URL: http://dbacer.edu.in/

Dr Babasaheb Ambedkar 
College Of Engineering & 
Research Nagpur

June 27-28, 2019
Nagpur, Maharashtra
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Science and Engineering Research Board
5 & 5A, Lower Ground Floor, Vasant Square Mall, Sector-B, Pocket-5, 
Vasant Kunj, New Delhi – 110 070 Telefax: 011 – 40000333 
For General & Programme related Enquiries: 011 – 40000358/398
E-mail: info@serbonline.in Website : www.serb.gov.in

A Public-Private Partnership between SERB and the Confederation of Indian 
Industry for supporting aspiring Ph.D. scholars with a double scholarship, 50% 
of which is provided by government (SERB) and balance 50% by a sponsoring 
industry for doing industrial research for a period of 4 years. 

Prime Minister’s Fellowship  
for Doctoral Research

Initiated to recognize, encourage and support translational research by Indian 
Nationals, covering all areas of engineering, innovation and technology 
development. The duration of the fellowship proposed to be for 3 years. 
Maximum of 10 Fellowships to be awarded per year. 

Abdul Kalam Technology 
Innovation National  

Fellowship

To support research of superannuated eminent senior scientists who are  actively 
involved in R&D activities even after their retirement. Entails a Research Grant 
of Rs.20. lakh p.a. and a Fellowship of Rs.60,000 p.m. to each Fellow, initially for 
3 years, extendable by another 2 years. 

SERB Distinguished  
Fellowship*

To  identify  and  provide  a  platform  for  sustainment  of  the  research  career 
of INSPIRE Faculty and Ramanujan Fellows for  an additional period of two years 
after completion of  the regular tenure of  five years in  the respective schemes. 
Carries an emolument of 1.2 Lac p.m. in addition to  a research grant (Rs. 7 Lacs 
p.a.) and Overheads (1 Lac p.a.) Scheme can be availed only once by a person in 
his/her career.

SERB 
Research Scientists Scheme

To award Principal Investigators (PIs) of completed SERB/DST projects which are 
rated “Excellent”. Support includes fellowship of Rs. 15,000/- p.m. for 3 years and 
consideration for research proposals for additional research grant.

SERB Distinguished  
Investigator Award

To recognize outstanding contributions made by Indian scientists towards 
excellence in R&D in sciences at national level as well as in the global context. 
Comprises of a research grant of Rs.25 Lakh p.a. (for 5 Years) and an honorarium 
of Rs.1 Lakh per month to each Professer/Chair.

Year of Science Chair 
Professorship*

Offered to brilliant scientists (below 45 years) returning to India to pursue 
research. Provides each fellow a monthly fellowship of Rs. 1,35,000/- for a 
period of 5 years and a research grant of Rs. 7.00 lakh p. a.

Ramanujan Fellowship

Instituted to recognize active scientists and engineers for their outstanding 
performance and contributions, the fellowship is open to Indian nationals (< 
68 years of age). Provides a monthly fellowship of  Rs. 25,000/- in addition to 
the fellow’s regular income and Rs. 15.00 Lakhs p. a. as research grant for a 
period of 5 years.

J C Bose National  
Fellowship

Repertoire of a few of SERB’s Fellowships 

*In near future, these fellowships are likely to be merged into a new scheme i.e., "National Science Chairs"


