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Annual Report
CSIR-NATIONAL PHYSICAL LABORATORY

National Measurement Institute (NMI) of India
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CSIR-NPL is one among the nine NMI’s in the World having
Caesium Atomic Fountain Clock Primary Frequency Standard
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New CSIR-NPL to Strengthen India
VISION AND MISSION

“Accurate and precise measurements are essential to drive the
i {f growth engines of Indian Science & Industry as it removes chaos and

¢ '.._f\ ' prompts innovations, which in turn, would save precious lives,
T resources and time...
\mf (a) Developing India’s measurement standards that are
= internationally accepted and disseminating the measurement
s capabilities to industry, government, strategic and academia that
Shri- Narendta Damodardas fodi underpin the India’s prosperity and quality of life.

residenticaIR (b) Conducting multidisciplinary R&D with a mission to establish the

. futuristic quantum standards and upcoming technologies so that
India remains on par with international measurement laboratories.

(c) Developing sophisticated analytical equipments (i.e. import
substitutes) under “Make in India” programme to cater the ever
increasing demands of emerging India.

(d) Training of young scientists and industry personnel in the areas of
measurements under “Skill India” programme.

Dr Harshardhan MAN DATE

e som ¥ CSIR-National Physical Laboratory (NPL-India) is mandated to be

e EresideiGSIR India’s “National Measurement Institute” (NMI) by act of Parliament
and is the custodian of “National Standards” with a responsibility of the
dissemination of measurements to the needs of country.

a1 TS AA
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HIREAd
The Gazette of Judia

Dr. Girish Sahni b
Director General, CSIR

Dr. Dinesh Kumar Aswal
Director, NPL




CSIR-NPL Today: Paradigm Shift

[ Organizational Structure ]
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Current R&D Focus and Priorities

The broad areas of focus are :
Physico-mechanical Standards

Time, Frequency, Electrical and Electronics Standards
Environmental and Biomedical Metrology
Advanced Materials and Devices

AN NI NI NN

Sophisticated Analytical Equipment and Outreach




CSIR-NPL as “Growth Engine” of the country

(Selected list of organizations to whom support,
advices and apex calibration services are being provided)

Government/Semi-government organizations: Air Force; Air India; Bharat
Electronics; BHEL; Bhilai Steel Plant; Bureau of Indian Standards; Central
Pollution Control Board; Central Power Research Institute; Central Public Works
Department; Railway Information System; Central Institute of Mining and Fuel
Research; Defense Electronics Applications Laboratory; Delhi Jal Board;
Directorate of Border Security Force; Hindustan Aeronautic Limited; Indian Oil;
ISRO Inertial Systems Unit; Maharashtra State Electricity; Micro, Small and
Medium Enterprise Testing Center; NTPC; Nuclear Fuel Complex (DAE);
Ordnance Factory; Rail Coach Factory; etc.

Industries: ABB India; ACC; AIMIL Ltd.; Alstom India; Ambuja Cement; Binani
Cement; Birla Tyres; Blue Star; Bureau Veritas; Casio India; Crompton Greaves
Limited; Diesel Locomotive Works; Essar Oil Ltd.; Godrej & Boyce Mfg. Co. Ltd;
Havells India; Honda Cars; International Zinc Association; J.K. White Cement;
JK Lakshmi Cement; Kirloskar Brothers; Larsen & Toubro; Maruti Suzuki; Mysore
Paints & Varnish; Philips India; Piramal Healthcare; Ranbaxy; Rapid Metro Rail
Gurgaon; Samsung India; etc.

SAARC Nations: Nepal Bureau of Standards & Metrology (MBSM), Nepal;
Bangladesh Standards and Testing Institution (BSTI), Bangladesh;
Measurement Units, Standards and Services Department (MUSSD), Sri Lanka;
National Physical and Standards Laboratory (NPSL), Pakistan; Bhutan
Standards Bureau (BSB), Bhutan; Afghanistan National Standards Authority
(ANSA), Afghanistan; Maldives Standards and Metrology Unit (MSMU),
Maldives.




Some of the Significant Contributions of CSIR-NPL

CSIR -NPL is today widely recognized by the industry and the academia as a center of

materials of national importance.

1. Indelible Ink for Election Commission of India

To cater the need of the Election Commission of India during
general election, the know how formula from CSIR-NPL was
givento M/s Mysore Lac and paints Ltd. The indelible ink is being
export to Countries like Srilanka, Middle east countries, African
countries

2. Carbon and Carbon Product

Carbon, including graphite and its product are key to
industrialization. The process Know how for various carbon
products like carbon blocks, cinema arc carbon used in cinema
projectors, process carbon for navy search light application,
midget electrodes for dry cell batteries were provided to the Indian
industries for large scale production

3. Luminescent Materials and Devices

R&D on luminescent phosphors was started for cathode ray tube
and black and white tube. The technologies for preparing world
class luminescent materials and devices have been developed
and know-hows have been transferred to National laboratories
and Indian industries.

4. Certified Reference Materials

Mono-elemental solutions: Lead, Chromium, Silver,
Potassium, Calcium, Fluoride and Nitrate

Multi-elemental solutions: Copper-lron-Zinc and Lead-
Cadmium-Nickel

Pesticides: Chlorpyriphos, Isoproturon, Fenvalerate and
Cypermethrin

X-ray diffraction Analysis: Silicon powder and Alfa-Alumina
powder

Spectro-Analysis: Plain Carbon Steel (low & high carbon)

5. Aerospace Industry
Light weight/high strength component, primarily in aluminum and
magnesium alloy and their composites were developed at NPL for
the aerospace industry.

These includes (1) aerospace grade Al rivet rivet wires(2) Al-Li
light weight insert for Hindustan Ltd(HAL)(iii) skid landing gear
tubes for the HAL,s advanced light helicopter(ALH) (iv)Mg-alloy
square tubing for its proposed use in the satellite LaunchVehicle
(PSLV) of the Indian Space Research Organisation and MMc
tube for INSAT.

ST WTITE
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Some of the Significant Contributions of CSIR-NPL

6. Automobile Industry
A significant work for the automobile industry has been done . A

cold/warm forging plant was prepared under a project sponsored
by M/S Hero group of industries. Based on this, a plant has been
setup at Gurgaon, where 840,000 sets of ten different
transmission component(splined shaft and gear blanks) are
being manufactured.

7. Antarctic Atmosphere
One of the most important programs at NPL has been the study

of the Antarctic environment with a large number of radio,
acoustic and optical research nearly in all expedition starting with
very first one in 1981. A millimeter wave radio spectrometer was
installed at Maitri to monitor height profile of Ozone on a
continuous basis under all weather condition.

8. Optical Radiation Standards

Optical Radiation Standards section of NPL establishes,
maintains, and realizes the existing Sl base unit ‘candela’ and
provides calibration facilities for various photometric parameters
namely, luminous flux, illuminance, luminance, luminous
intensity, detector responsivity, color temperature and radiometric
parameters, i.e. spectral radiance and spectral irradiance

9. Nanomagnetic materials & technologies:
CSIR-NPL developed magnetic fluid technology for energy

conversion devices. An International Standard Document (ISO)
TC229 WG4 (ref. 19807) is being prepared by BIS-NPL, India.
Ferrofludic based multiwall carbon nanotubes (MWCNTSs) have
been synthesized for various technological applications.

oo
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Division-1: Physico-mechanical Standards

Mass Standards
The kilogram is the unit os mass; it is equal to the mass of the international
prototype of the kilogram

Temperature and Humidity Standards

As per international temperature scale of 1990 (ITS-90), the unit of temperature is
Kelvin and is defined as the fraction 1/273.16 of the thermodynamic temperature of
the triple point of water (273.16 K)

Standards of Dimension
The meter is the length of the path travelled by light in vacuum during a time |
interval of 1/299792458 of a second. lodine frequency stabilized He-Ne laser
used to realize unit meter, micro and nano-dimensional measurements

Optical Radiation Standards

The candela is the luminous intensity, in a given direction, of a source that emits
monochromatic radiation of frequency 5.40 x 1014 hertz and that has radiant
intensity in that direction of 1/683 Watt per steradian

Force and Hardness Standards g
Create and develop apex level of standards of force, torque and hardness |
measurements to meet ever increasing testing requirements of industry and users

Pressure and Vacuum Standards

The section is equipped with Ultrasonic Interferometer Manometer (ULM) Orifice
flow system, Hydraullic Controlled Clearance Piston Gauge Pneumatic Large "=
Diameter Piston Gauge etc

Acoustics, Ultrasonics & Vibration Standards
Maintaining and upgradation of national standards of acoustics and ultrasonics in
sound pressure, vibration amplitude and ultrasonic power measurement

Fluid Flow Measurement Standards
Maintains and update the national standards of flow and provide apex level testing
& calibration services for different types of water flowmeters




Division-ll: Time and Frequency,
Electrical and Electronics Standards

Nanowires (carbon nanotubes, superconductors etc.) or
nanolayers (graphene, topological insulators or transition
metal dichalcogenides) exhibit  very promising
electronic transport, magnetic, photonics and mechanical
properties. To transform these materials into
nanodevice/nanoFET form in a quick time, we have a
unique nanofabriocation instrument called a combined
focused ion beam microscope (Auriga, Zeiss).

A Combined Focused lon Beam Microscope L of,
=

AC Josephson Voltage Standard

AC Josephson standard used to disseminate unit Volt at
par with international level has been further optimized to
getvery stable margins and flatspots.

LF, HF Impedance and DC standards

Maintaining and updating the LF, HF impedance & DC
standards along with the establishment of nano-
metrology in current, voltage, resistance And charge
measurements.

LF & HF Voltage, Current and Microwaves Standards
Establishment, maintenance, updating the Primary
Standards and calibration facilities of LF & HF voltage,
current, Microwave Power, Attenuation and Impedance
upto 18 GHz"..

AC High Voltage and AC High Current Standards
Maintaining National standards of AC High Voltage &
High Current And C & Tan & Standard

AC Power & Energy Standards
(PPCS) The Primary Power Calibration  System
maintained in the activity is traceable to V, Q &time (s)




Division-lll: Environmental & Biomedical Metrology

Air Pollutants Monitoring for Healthy India

CSIR-NPL is among the pioneering institutions in India where extensive
research to understand causal mechanisms which change the state of
environment and its consequences on health, livelihood, economy and
climate has started several years ago.

CSIR-NPL has now embarked upon developing quality measurement
system for atmospheric species which could be followed by all the
institutions and organization involved in atmospheric measurement
activities besides developing standards for ensuring quality
measurements. CSIR-NPL has been working on the development of
gas primary reference standards under the “metrology in chemistry”
activity since 2007.. A high-volume PM,, sampler and a calibration
facility for PM, ; and PM,, sampler to obtain reliable measurement data
are also being developed at NPL.

In India, the background atmospheric data is extremely scarce. CSIR-
NPL has established an atmospheric monitoring station in the relatively
pristine atmosphere at Palampur (H.P.) for generating data base for
reference atmosphere in India.. A Vertical Raman Lidar System is also
established at the NPL’s remote monitoring station for measurement of
vertical profile of optical properties of aerosols and clouds in the
troposphere over the Palampur (H.P.).

Biomedical Instrumentation

Biomedical instrumentation is dedicated to research in both pure and
applied science and integrated research field involving the principles of
physics, chemistry, biotechnology and instrumentation with principle
motives i) to develop the process technology of cholesterol biosensor ii)
to develop biosensors for cancer diagnosis iii) to synthesize new
materials for the development of biosensors for infectious diseases
through sustained R & D.

A convenient analytical test (enzyme-linked) on paper to perform
cholesterol detection as a result of bio-chemical reaction analysis of
human serum/blood has been developed.

CSIR-NPL has developed the low cost, smart, intelligent paper based
sensor for the qualitative and quantitative detection of cardiovascular
disease (Troponin) and cancer.

High-volume PM,, sampler
designed and developed at
CSIR-NPL

CSIR-NPL's Remote
Atmospheric Monitoring
Station at Palampur (H. P.)

5

Paper based
Immunosensor

Blood Glucose
Digital Analyser




Division-IV: Advanced Materials and Devices

Organic and Inorganic Photovoltaics

Increasing efficiency and reducing cost of the solar
cells are the most important research consideration
for the success of any solar cell technology for an
efficient & economical harnessing of solar energy.
Thus, CSIR-NPL is aimed is to develop cost effective
and efficient solar cells both in bulk and thin film
technologies.

Organic and Inorganic Light Emitting Diodes
Solid state lighting is the direct conversion of

electricity to visible white light using semiconductor
materials and has the potential to be such as energy-
efficient lighting technology. Considerable efforts has
been dedicated for the development of organic and
inorganic light emitting diodes.

Luminescent Materials and Devices
Developed nanophosphors with enhanced up and

down conversion efficiency for solar cells,
synthesized nano-crystals quantum dots for
enhanced blue luminescence for display devices,
novel nanophosphors for LEDs and luminomagnetic
nanophosphors for bio related applications

Thermoelectric Materials and Devices
The main focus of thermoelectric materials and

devices are to (a) develop novel thermoelectric
materials and devices based on Si-Ge alloys,
magnesium sllicides and copper selenides for
harnessing solar energy and other forms of waste
heat.

HOT SIDE

COLD SIDE
Solar Thermoelectric power conversion




Division-V: State of the Art Sophisticated Analytical Equipment

Focused lon beam (FIB) Field Emission Scanning High Resolution Transmission ION TOF’s TOF-SIMS5
Microscope Electron Microscope Electron Microscope (Make:
(FESEM -FIB crossbeam system) (Make: Zeiss; Model: Supra JEOL: JEM - 2100F)

Seebeck Coefficient and Electrical MULTIPROBE Surface Plasma Assisted Molecular High Resolution
Resistivity System (Ulvac ZEM-3) analysis system (MPSAS) Beam Epitaxy Machine (PA- Transmission Electron
MBE), RIBER Compact 21E, Microscope (Make:

Tecnai G2 F30 STWIN)

g | |
Transient Absorption PANalytical X’Pert PRO MRD A specially designed multi Physical property
Spectroscopy systems chamber PLD and dc/rf- measurement system
magnetron sputtering coupled in (PPMS)
series
- | :{ ey

-—

|5

—

Electron Paramagnetic Magneto-Optical-Kerr Effect MPMS-Squid based Atomic Layer
resonance (EPR) spectrometer (NanoMOKE-III) magnetometer Deposition System
(M/s Picosun, Model
R-200)




On-going Projects

National Mission

»  Setting up of the “National Facility for the Validation of Solar Cell Efficiency” at CSIR-NPL
»  Silicon Reference Material as Standard for powder X-ray diffraction measurements

»  Fonoclock with a time synchronization accuracy of £10 ms

Industrial Applications

* Development of indigenous Electro-magnetic Acoustic Transducer (EMAT) based instrument for non-contact
material testing

+  Development of acoustical lightweight interior dry wall panel for high sound insulation

»  E-field sensoralong with its calibration facility inside Gigahertz Transverse Electromagnetic (GTEM) cell
Societal Applications

»  Solarenergy based water harvesting system for drinking water

*  Low-cost Peltier based refrigerators for rural regions

«  Sunlight sensitized long afterglow phosphor powder & paint

*  Recycling of plastic waste into useful tiles for low-cost housing

»  Development of high-volume PM2.5 sampler for environment monitoring

Maintenance of Existing National Calibration Facility

. Enhancing and expanding the existing Apex calibration capabilities in the National interest
Mission Mode Projects

*  Up-gradation and development of “National Apex Calibration Facilities”

+ Setting up of “New Apex Calibration Facilities for Solar Cells, Biomedical-equipments and Environmental -
pollutants”

»  Setting up of R&D Centre for “Quantum Standards”
+  Materials & Devices for Strategic, Renewable-energy and Societal Applications
+  Extending NPL facilities for research and industrial growth

AcSYR Academy of Scientific & Innovative Research

AcSIR, (Academy of Scientific Innovative Research) was established by an Act of Parliament, (The Gazette of India No.15
dated February 7, 2012 and notified on April 3, 2012). AcSIR is a world class research academy functioning with 37
national laboratories, 6 units and 39 extension centres, encompassing biological, physical, chemical and engineering
sciences, of the Council of Scientific & Industrial Research (CSIR) that have the country’s best infrastructural facilities.
AcSIR has been established with an aim to substantially increase the number of researchers in integrative and
interdisciplinary areas of science and engineering. The primary focus is on research and in imparting instructions in areas
not commonly taught in regular academic universities across India, by disseminating advanced knowledge in science &
technology and by providing teaching and research opportunities in frontier areas.

Various courses offered during different semesters under the Ph.D. & IMP programme are as follows:
Fundamentals of Electronic Materials & Semiconductor Devices
Physics & Technology of Thin films

Advanced Materials Characterization Techniques

Nanostructured Materials

Quantum Optics & Advanced Solid State Optical Devices
Engineering Materials

Research Methodology, Technical writing & Communication Skills
Superconducting & Magnetic materials

Advanced Measurement Techniques & Metrology

Advanced Computational Physics




National Facility for
Validation of Solar Cell Efficiency

Facility to academic / research institutions & industries

Expertise/facility available at CSIR-NPL is being used for the calibration of parametersi.e.
light, active area of solar cell, current, voltage & temperature which are needed for
validation of solar cell efficiency.

Measurement of Standard Silicon Solar Cell

Reproducibility of measurements Uncertainty in the measurement
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Measurement of organic solar cells
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Efficiency measurement facility CSIR-NPL records more than ten
created in cleanroom (ISO Class 7) for measurements for the estimation of
organic solar cells & in the process of uncertainty in the efficiency of organic
establishing this facility for silicon solar cells.

solar cells.




Recycled Plastic Waste Tiles for designing
structures for Societal Usage

Disposal of Plastic Waste is a major problem. It is non-biodegradable & it mainly consists of
low density polyethylene plastic bags, bottles etc. Burning of these waste plastic bags
causes environmental pollution. The main objective of the present project is to utilize waste
plastic bags for designing of materials for utilization of tiles in building of toilets and rooms
for general public for societal benefits.

Conventional Toilets by Sulabh International

Applications:
These waste plastic bags tiles can be used for designing
structures for societal usage like toilets or rooms

Advantages:

The advantage of the innovation is the utilization of waste
plastic bags and bottles in the form of tiles which can be used
for designing the structure for making a smart toilet or any
other structure for societal usage.

Potential Users:
Under Swacch Bharat Abihyan, Ministry of Housing, Sulabh

Cost Effective Waterless Toilet made at CSIR-NPL




Atomic Clocks
Clocks with 1 s inaccuracy over the age of the universe

The in-house developed cesium fountain is
operational since 2011 and it has reached an
accuracy of 1 partin 10”°. This is the one out of
ten fountains in the world and the first one in
the country.

‘f/ v ‘°'*°w \)f " Optical
P m.,..- g\—a ptica
<\ e '"""’ setup

‘3’2"5}»}’- ’fg' / Fountain
S e N
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“Punctual Agd Efficieny/India” : Synchronize to IST
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the single trapped ion
which will be used for
optical atomic clock to
reach an accuracy of 1 part
in 10" that is 1 s
inaccuracy in 10 billion
years. Single ytterbium-
ion will be trapped at laser
cooled to about 0 K by
simultaneous use of five
lasers. The highly
forbidden clock transition
at 467 nm will be probed
for the atomic clock.

Vi | Pictorial representation of
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Long Afterglow Phosphor Powders and Paints
(Sunlight excitable and green light emitting re-chargeable powders)

/What is this Product?: \
sk

Special kind of photon energy storage & emitting materials in a transparent paint
vehicle
* Readily excited by house-hold lamp, fluorescent light, sunlight, ambient lights
etc.
*  Glows inthe dark for 8-10 hours — No continuous supply of energy is required
!" Non-radioactive, non-hazardous, re-chargeable /
/ Advantages: \

Used as source of light in dark conditions — Identification of objects in sudden power
failures — escape route markings & rescue guidance system — Warning signs for
accident prevention — Producing special effects in bars, discotheques etc. — Household
and consumer products like switches, watches, ceramic tiles, toys, sports equipment
etc.

o )
4 )

Broad Applications ofthe Product:

>  Indigenously developed GREEN® emitting long afterglow phosphor powder and
paint for marking desired warning signs, emergency escape routes for traffic
vehicles on highways.

o J

ENETIINITE Potential Customers Sp ec ’_ﬁ cations
Sl Property Aluminate Type
No. Long Decay Phosphor
1 Chemical Identity Non-Hazardous, SrAl,0, based
2 Odour Nil
3 Average Particle Size < 150 ym
4 Specific Gravity 3.6
E Wavel 2
Energy Conservation, Disaster Management, Safety Engineering & Value Addition | : E:::: So::e i sﬁ T:::::; Tubes,
(@ ) | 7 Excitation Time 3-5 minutes
= | 8 Glow Colour Yellowish Green
- . il 9 Emission Peak 520-540 nm
. e 10 Afterglow Time 10-15 Hours
11 Chemical Stability Avoid direct contact with
g i Acids and Water
d - . )| 12 Storage Cool, Dry and Clean place

Protected by Indian Patent No. 225682




Regular & Floating Staff Position as on 01-01-2016
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External Cash Flow from Testing

Reports Generated I 2010-2011
I 2011-2012

N 2012-2013

I 2013-2014

2014-2015

17.92% _17.76% |
o 2015-2016

15.68% | | 17.17%

16.07% 15.41%

Total Number of reports generated since 2010 to till date=15539

ECF Generated

20.

[

18.66%

12.24%
13.73%

Total ECF generated since 2010 till date (Rs.)=114597224

I 2010-2011
I 2011-2012
[ 2012-2013
1% I 2013-2014

[ 2015-2016

2014-2015

20.72%

Papers and Patents Statistics
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NATIONAL PHYSICAL LABORATORY
(Council of Scientific and Industrial Research)
Dr. K.S. Krishnan Marg, New Delhi-110012
www.nplindia.org
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* Quality Policy

To establish, maintain and upgrade the national standards of
measurement compatible to international standards through
continuous research and development

To provide apex level calibration and dissemination of standards
for maintaining the traceability of measurement following Quality
System as per ISASOMEC 17025:2005 consciously and
effectively

* Objectives
To provide calibration and testing within the specified time. and 1o
the satisfaction of the customers

To famikanze all personnel concemed n calibrabion and testing
with quality sysitem documentation and implementation of
policies and procedures.

We measure
for your safety




National Measurement Institute of India
In Service to the Nation

Contact:

Director
CSIR-National Physical Laboratory
Dr K S Krishnan Marg, New Delhi — 110012
Phone (Reception): +91 1145609212
Fax: +91 11 45609310
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