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FOREWORD

It gives me great pleasure to present the NPL Annual Report for the year 1998-99.

There has been a delay in bringing out the Annual Report, which is deeply
regretted. Dr. A K. Raychaudhuri was the Director of the NPL during this period. He
has been repatriated fo Indian Institute of Science, Bangalore in May 2000.

The report reviews the progress made in dll the R&D areas of the laboratory
namely: physico-mechanical standards; electical and electronic standards;

. engineering materials; electronic materials; polymeric & soft materials; materials
charac‘rerizc’rioh;-radio & atmosphetic sciences; superconductivity; and cryogehics‘ Besides internal projects,

The'ioboro‘rory had undertaken sponsored projects, provided calibration and testing services and given
consulfancy to a variety of clients.

NPL has the responsibility of maintaining the national standards of medasurements and to provide calibration
services af the apex levelto ensure fraceabillity of all measuremenis made in the country fo the national
and the intemational standards. The maintenance of the standards requires continuous R&D work to ensure
that our standards are mainfained with the lowest possible associated measurement uncertainty and are
close to the state-of-the-art level in the field. Aiso, infernatfional infercomparisons are undertaken to ensure
comparabillity of our standards with the intemational standards. During this period three international
intercomparisons in the field of acoustics, length measurement and pressure measurerments were caried
out under Asia Pacific Metrology Programme. Two intercomparisons were caried out under bilateral
arangements including one with the PTB, Germany. NPL also fook part in a major proficiency tfesting
programme coordinated by National Authority Testing Agencies (NATA), Australia in the field of chemical
analysis of water, ' .

Significant research contributions have been made in all the areas of activities. These were related 10!
surface studies on platinum-iridium alloy; high pressure Raman investigation of gallium arsenide crystals;
radio frequency SQUID effect; giant magneto-resistance studies; carbon fibre-matrix interactions in
composites; quanium elecironics; structural characterization of advanced coiled membrane sensors;
growth of nearly perfect single crystals of bismuth germinate; and magnesium doped copper barium
calcium cuprates (Cu-1234). R&D activities were focussed on projects related fo: developrment of square
fubes for aerospace applications; oval shaped long fubes for Advanced Light Helicopter (ALH); high density
isofropic graphite; thin film cadmium telluride solar cells; biosensors for urea, lactose and cholesterol;
conducting polymers; novel non-linear electro-optic materials and devices, and technology for particle
size analysis. Also. fropopause sfructure was sfudied by MST radar and ozone sounding. Performance



of d line-of- sigh’r mit:ro’wove’ lihk has been invesﬂgo’red o‘nd effect df iohos‘phe’ric"irre'gulori!riés on
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Nine new facilifies have been added during the year. These include: a hydraulic force multiplication system
which can generate upto 3 MN; a FTIR spectrophotometer; @ faéili’ry for mec:tsuremén'rs of magnetic
properties of electrical steel sirips; teleclock service; microwave PECVD- facility for grownng diamond like
carton films; and a scanni ng electron microscope with energy dzsperswe spectrometer.

During the year, 130 papers were published in scientific journals and 186 presentations were made af the
national and intemational mestings. 17 young scientists received Ph.Ds while working at NPL and 7 patents
were filed. Sponsored projecT with financial inputs of nearly 255 lakhs and consultancy projects worth about
Rs. 76 lakhs were undertaken during the year. Calibration and festing services toge’rhér with job work genercited
a revenue of Rs.2 crores approximately. Six fraining programmes were orgdnized including three in-house
frainings. Seven conferences were organized by NPL s‘cien"ris?s_, two of which were infermational. One of
these was a major ICSU sponsored Conference and General Assembly,

NPL scientists were recognized nationally and intemationally and several of them were awarded Fellowships
like the Raman Fellowship and the Boyscast Fellowship. An Honorary Doctorate was conferred by a prestigious
Foreign Academy on one of our scientists. '

| would like to thank all the colleagues who have contributed to the R&D achievements. We have high
potential and have ‘rb strive hard to reach challenging heights in all aspects of R&D. Thanks are due fo our
NPL Annual Report team for their contribution, Special efforts of Drs V.N. Ojha, Mrs. Rina Sharma, M.K. Goel
and T.D. Senguttuvan are highly appreciated. .

s

[Krishqn Lal)
Director



Radio & Atmospheric
Sciences

Cryogenics
& Research Facilities

Electrical & Electronic
Standards

Materials
Characterization




HiTerh-A=H ATE

PHYSICO-MECHANICAL STANDARDS
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The activifies of the Physico-Mechanical Stondards Division include acoustics: ulfrasonics, length and
dimensional mefrology; pressure and vacuum, force and hardness; termperature; non-ionising radiation
(ultra-violet, optical, infrared); mass, densify and viscosily; surface physics and fluid flow. Various basic and
derived parameters are redlized through the established primary standards. These standards are used i
calibrate secondary/working standards which are in furn used to calibrate the instruments received fi
the qualify control laboratories operating at Echelon Il and Il level, The calibration work Is also done at
Continuous R&D efforts are made to update and reaffirm the measurement accuracies of the st
established af NPL. This Division very offen participates in bilateral, regional and infernational key cor
exerclses held periodically. These give an edge to the Indian industries to compete in the globgl
providing them The national frace obﬁify ono‘ in fern oﬁonol compoﬁbﬂfry It also ,orovfo‘es servfces










Physico-Mechanical Standards

SIMS technique at NPL and later using a time-of-flight
static SIMS at the Pennsylvania state university, USA, as
a collaborative work. A comparative study of the surface
contamination of Pt-Ir clloy, freated by different cleaning
procedures has been carried out using SIMS fechnique.
TOE-SIMS has been used further to characterize,
particularly hydrocarbon surface contaminants, on the
Pi- Ir alloy sample described abeve,

Force and Hardness Standards

Ahydraulic multiplication system, which can generate
forces up to 3MN, installed last year was calibrated for
ifs best performance. The data obtained are inter-
compared with an artifact already calibrated by PTB,
Germany. The best measurement capability (BMC) of
this machine is found o be better than =+ 0.05%. The
work of developing a new dead weight machine
indigenously has been taken up as shown In Fig.1.1 to
fill the gap in the force range of 5kN and provide
calibration facility in both compression and tension

Fig. 1.2: Torque calibration facility

=

mode. It has been assembled and tested for its
performance.

Facility of forque standard has been upgraded to
increase the generation of torque range from 2000 Nm
fo 4000 Nm (Fig. 1.2).

A 3-day workshop cum fraining programme was
organised on force metrology whete practical training
was given on cdlibration of force proving instruments
and verification of testing machines. A monograph
consisting of various calibration procedures of force
proving instruments and torque meters was also
distributed.

Temperature Standards

Silver temperature standard (961.78°C) has been
established at NPL as per the International Temperature
Scale of 1990 (I15-90) and has the reproducibility of
+10m°C using High Temperature PRT over the entire
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ELECTRICAL & ELECTRONIC STANDARDS
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The Electrical and Electronic Standards Division is engaged in the development and i
maintenance of Primary '/ National Standards of various electrical and electronic
parameters such as; DC Volfage, Current and Resistance; AC Voltage, Current and
Impedance [AC Resistance, Capacitance ond Inductance); AC Power and Energy; AC
High Current and High Volfage, LF & HF Voltage, Current, Power, Impedance (Lumpe
parameters); HF Affenuation; Microwave Power, Attenuation, Impedance & Noise; Time
Frequency and Magnetic Standards. Continuous R&D efforts are made to improve
measurement accuracy of the Standards. Apart from this, work is also being ca
in the field of physical and medical insfrumentation. The Division participat
bilateral, regional and international intercomparisons of its standard
international traceability. It also provides calibration and consultancy .
calibrafion laboratfories and industries. :
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ENGINEERING MATERIALS
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The activifles of the Division of Engineering Materials are wide ranging from
the.development of different metallic components of various high strength/

low density metals and alloys fo the development of a variety of cfdvcnced Y
carbon products and super hard materials. -

The main emphasis of this Divislon has been to develop different mcfer!als_
and thelr associated cormponents which are required by general engineedng .
and high tech [Space [ Defence] indusirles. The Divislon has succe&cmﬂy
developed a number of fechnologies and quality producrs :
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ELECTRONIC MATERIALS
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The Electronic Materials Division s engaged in preparation and characterizafion of
electronic materials, devices and reloted technology developments. It has activities in
areas of Silicon and Siicon Devices, Lurninescent Materials & Devices, Thin Film Technology,
Special Ceramics and Microsfrucfure' Devices

These activities are focussed on alarge number of semiconductors and insulators, both i in
elemental and composites as well as bulk and thin film forms, for diverse applications.
Some of the important activifies relafe 1o the development of fechnology for product
of materials and devices, such as silicon, photovoltaic cells, phosphors and display de '
high femperature superconducting components, porous ceramic filters beta ajk
and thin film opftical and special coatings. '

The processing unifs are aiso developed. For example this year a thin fil
Plasmma Enhanced Chemical Vapour Deposifion (PECVD) was 'dév /i
























qEd® 9 gg qard
POLYMERIC AND SOFT MATERIALS
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Activities being carried out in this division often involve the use of polymeric/organic materials,
which do not require high temperatures for their processing (processing temperatures < 100°C).
These materials include liquid crystals, self aligned monolayers, conducting polymers,
conventional and polymeric dielectrics, elecfrochromic materials, solid electrolytes, amorphous
semiconductors which have suitably been chemically modified, organic glasses, nano-crystalline
semiconductors which have been sensitised by dyes, together with host of other compatible
inorganic materials [metals required fo fabricate various devices. The materials so deve!oped .
were Incorporated in various device struciures that find diverse gpplications. Some represenfom'fé .
applications include ferroelectric memory switches, spatial light modulators [« efecm'coﬂy-oﬁd_
opfically addressed, for interesting photonic applicatfions), polymeric sensors for envfronmenf;d{ o
monitoring and food quality assessment efc., biosensors (for lactate cholesterol, urea, glucose
efc.), conducting polymeric membranes for virus retention from water, optical wave quides
based on polymers and other non-linear optical devices, smart windows (electrochromic),
conducting polymer based EMI shielding devices, phoforeceptors of very high'_sensim/fry gl '
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MATERIAL CHARACTERIZATION
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The Ic:bororory is equr,oped wh‘h elcborofe facilities for defermination of composition and purity, phase
analysis, and characterization of orysrcl agefects. These are bemg provided to infernal as well as oufside
users. R&D work has been carrled on: Qerosols, acid rain and greenhouse gases; conaucting polymer

and glasses; compound semiconductors; high To superconauctors; ferro fluid-polymer compos:re films
nSb and AlSb filrns; con'ed membrane sensors, and BGO crystals.

A powder X-ray d.'ffrocromerer and an X-ray diffraction fopography system have been deve!ope
quality BEO crystals have been grown. Two new Bharatlya Nirdeshak Dravyas (Certifled Reference A
were prepared. Parficipafion in infernational inter-comparisons and proficiency festing wa
Sponsored research and projects with German, Russian, and US institufes was pursued.

An edited volume and 17 research papers were published, 1 patent was filed ond '

delivered. An international conference was organized. Dr. Krishan Lal was o
Russion Academy of Sciences.









: i Material Characterization

i :
= E3 b bp s v i Aai 3 4
] : i 3 i % ]
L s ¥ £ ;
5
AR LRRAAT R e

S ok T

Fig. 6.2: A nearly perfect single crystal of bismuth germanate grown at NPL using the low thermal gradient
Czochralski method

ﬁatfwm: 9 arc sec

Diffracted X-ray Intensity kc/sec

0 S0 100 180
Glancing Angle 8, arc sec

Fig. 6.3 A high resclufion X-ray diffraction curve of [ 100) bismuth germanate crystal X-ray diffractormeter for (400]
diffracting planes in (+, - ) geometry with Mo Ko, , radiation. The small half width of the diffraction curve s o good
measure of the perfection of the crystal.
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RADIO & ATMOSPHERIC SCIENCES
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RASD monitors greenhouse gases, aerosols, UV-B radiation and ozone for global change studies. During
the year the Division conducted experimental campaigns to study the effect of biomass burning on our__ji'__.f
environment, studied ozone fransportation problems in troplcs using MST radar and ozonesonde"':"
experimental dcfo and conducted experimental campaigns to study atmospheric pollution in De
region under vcryfng afmospheric condifions. it also actively participated in INDOEX and Anta
programimes.

RASD has faken up several studies on the radio environment over the Indian region using sa
well as ground based experimental data to aid in radio communications. lonospheri
sfudies using satellife signals, characterisation of VHF fransmifters, performance evcr{i'
LOS microwave links in Southern India, design and development of 37 GHz radiome
of heavy metallic lons frorm SROSS C2 satellite data auring the Leonid mefeor
highlights of this vear.
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SUPERCONDUCTIVITY
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NPL is the oldest institufion in India fo have starfed low temperature research. Two major areas of
coniribution are basic investigations of the high temperoture superconductivity phenomena and
development of superconaucting magnet fechnology. Unusual superconducting and normal state : :
behaviour and the underlying mechanism of high Tc phenomenon are investigated. Host of
substitutional studies have been affempted fo unveil such detalls. Cationic substitutions in hzghi‘ -
temperature superconducting cuprates lead essentially fo the generation of defects and disorders.
Preferential site dependant singularities lead fo various mutually competing phenomeno !fke:f :
localization, dimensionalify changes, fluctuation conductivity and order parameter variations, .
changes in the electronic properties. Such effects have greater role to play towards SC and i mal -
state ,oropemes The role of inferlayer coupling in these layered cuprates has also been mvesftgofed

* onaone band two layer tight binding Hamilfonian incorporating the infra- and inferiayer atfractive
inferactions. A substantiol collaboration with different universities and premfer R&D :nsrmﬁes hus :
been the hallmark of the activitles of this Division. B .

75












R R Y I B e S e R RO T TRl (EPE RN
HRAT

CRYOGENICS
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The broad aim of this division is fo carry ouf basic studies on high temperature
superconductors and continue work on the development of superconducting
magnets. In addition we also have the responsibility of supplying liquid nffrogen
and liquid helium to various groups in the laborafory. Humidity standard related. :
activities are also carrled out in this division. The basic studies relate
substitufions at varlous cationic sites, with a view o understand onomcx!o L
superconaucting and normal state behaviour of these materials. Studlies ! hc
also been carried on Ag-sheath high T, fapes and on the evidence of reicw:mon
of Jahn-Teller polaron. A 7 Tand an !nserf fyoe 3 Tbaby magnet wer elg
built and tested. ' o
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RESEARCH FACILITY AND SUPPORT SERVICES

aq"1997—9s#m‘%ﬁf3mwamswa%6mﬁ:rﬁﬂnﬁ#8ﬁqﬁa
g&waﬁ#a{amw SRIETIY BHHIT FEGST GlareT, §EF a@ 9,
, R R, afeg, arrgeger, R adq, dam m@-vamE, oo, G,
TIeTd, STIHEIT Ud [ATH HEE  G9a 39741 &1 997 7 5= OF giyeng fRrsr
SHFT ERT BT 8, 39 JH0T & ol ad & | 56 &7 0 N7 awiet afearey st
CTifeees QF SIeT aRArT1on &1 Mo a 9999 qreieT a awat s @ s, Ak
IT FEwa 7w, 92ef @1 fden 7 gofleer, amdta garaat & qae, gahreier # 227 a7
S, FTTHTST e SEROT 4 SIS @ awa gewgrT & @it s gurr 7 ond & | e
&7 @t afafafy et s F gega @ 7F & | 57 g @ o TRRRET @8 F 98T & 0F 2
59 9 275 FFYRT B SIS F eFT Al gA.AOE. 7 (NPL-LAN) e #e & u5 &

This Division was constituted during 1997-98, with Director, NPL as its head. Cryogenic and
some other sophisticated instruments facilities, technical infrastructure - such as, central
computer facilify, main workshop, glass technology workshop, electrical supply, pumping, air-
conditioning, civil works, campus maintenance, phones, fax, audiforium, photography, library, ::
R&D management and administration units, that provide support to and are shared byalithe
other divisions, whose R&D activities are given in the preceding chapters of this report, funcﬁon' f-_ '-
under this division. The Technical Secretariat, one of the units of this Division is responsible for. =
planning and coordination of alf in-house and externally supported R&D projects, mcrketmg_
and transfer of technological know-how developed indigenously, processing of depufaf
under various international collaborative programmes, filing of patent, human resour
development programmes, maintaining laboratory information data bases, propag '
Rajbhasha and bringing out technical publications of the laboratory:. Acf:vmes i
cryogenics were described in the previous chapter. The rest of the activities
are briefly presented here. NPL-LAN with the capability to connect 275 PCs
was put in place this year.
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