





Director’s Report

It is a matter of great privilege for me to present the Annual Report
1995-96 of National Physical laboratory, New Delhi. We feel pleasure in
presenting through this report the main achievements and progress made by
NPL in R & D and other activities.

In the light of the current emphasis in the CSIR laboratories, the
technological development / achieverments made during the year are surm-

marized as follows-

: High purity gallium arsenide crystals have been characterized for their
purity and pelfectwn using high resolution x-ray diffraction techniques. Novel Solid polymeric
electrolytes based on poly vinyl butyral have been developed using different lithium salts and
appropriate solvents. ‘These are suitable for using in electrochromic device for Smart window"
applications. Piezoelectric accelerometers have been developed with 10 mv/g sensitivity. In the field
of ultrasonic standard, a new method of measurement of ultrasonic attenuation in solids in form

of rods has been developed.

Solgel techniques have been successfuly employed to develop silicon carbide incorporated carbon-
carbide composites. Success have been achieved in fabricating superconducting tapes up to 5 m length
having critical current density (Jc) value of about 2000 A/cm. Phosphor screens for scintillation
counter for BARC, Bombay have been made. High efficiency Silicon Solar Cells have also been
developed. NPL has successfully developed thin walled MMC tubes with targeted physical and
mechanical properties using SiCp of diffefent particle sizes. Glucose Biosensors developed at N'PL
for monitoring sugar levels in blood are now being manufactured by Pulsatum Health Care Pvt Ltd,
Bangalore. A highly sensitive detector spectral response calibration facility using a monochromator
based spectral comparator (350 nm to 1100 nm) has been established. NPL has continuously strived
to interact with industry in the development of high technology. After the successful collaborative
programme with BHEL on the development of the Superconducting High Gradient Magnetic
Separator, N'PL provided consultancy to BHEL on the development of 200 KVA Superconducting
Generator.

Research ¢ development work fas been the main traditional work of the laboratory and have
been continued in the field of materials development, Radio ¢ atmospheric sciences. The work on
characterization of different Kinds of materials was continued. Characterization of material is
important in evaluating their usefulness in scientific ¢ technological applications. Various tech-
niques including chemical methods, EPR spectroscopy, FTIR spectroscopy, x-ray diffraction tech-
niques ¢ electron - microscopy etc. were used for evaluating composition, purity, structure and
perfection in inorganic and organo - metalic compounds. Nearly perfect crystals of oxides such as
lithium Niobate and crystals of Bismuth Germinate were grown successfully. Work on preparation



[ PHYSICO MECHANICAL STANDARDS j

LENGTH & DIMENSIONS
1. Length Standards

The primary Length Standard is being main-
tained in the form of an iodine stabilized He-
Ne laser at 633 nm. A software has been
developed and installed for beat frequency
data acquisition and processing. One iodine
stabilized He-Ne laser after its calibration at
VNIIM, Russia and PTB, Germany has been
received from PTB and installed at NPL.

Secondary standard lasers and laser inter-
ferometers for precision measurements from
various industries were calibrated and cer-
tificates were issued. Commercially viable
Zeeman stabilized secondary standard He-
Ne laser has been developed and fabricated.
Stability estimation of this laser is in progress.

Precision optical components like laser mir-
ror blanks optical flats, prisms etc. were
~ fabricated. Optical components from differ-
ent industries were tested and reports were
issued.

A consultancy project on reconditioning of
He-Ne lasers and installation of Ar ion lasers
in the laser based systems at Vikram Sarabhai
Space Centre (VSSC), Trivandrum has been
successfully completed. A project proposal
on development of Laser Doppler Velocity
Meter for non-contact length measurements
of moving samples has been prepared and
submitted to DOE for grants.

Bilateral collaboration programme with D.I.
Mendeleyev Institute for Metrology at St.
Petersuburg, Russia has been initiated.

2. Dimensional Metrology

i. At site calibration of precision measuring

instruments was carried out for several
companies and about 815 calibration
certificates were issued.

The following facilities have been up-
graded/added.

A.

Installed surface roughness measure-
ment facility

Initiated action on establishment of
form and roundness testing facility

B

. And augmentation of angle measure-
ment facility

— Measurement of TV tubes and its
deflection coil was successfully car-
ried out for M/s Samtel Color Ltd.

The measurement uncertainty of NPL
standard slip gauges has been improved
from 0.04 pm to 0.015 pm for gauges
upto 10 mm and 0.1 pm to 0.05 um for
gauges upto 100 mm length through
their calibration at PTB Germany.

MASS

The following activities have been done during
the period

A.

ii.

Maintenance of National standards of
mass, volume, density & viscosity.

B. Calibration of weights balances, hydrom-
eters, volumetric measures and viscom-

eters.

. Generation of transfer solid based den-
sity standards (SBDS).

. Generation of laboratory standard weights
in denomination of 1 kg and its multiples
and submultiples.

Development of viscosity scale.
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Automatic Computer based solid density
standard system

FORCE

6 MN Hydraulic Multiplication system has
been erected and electrical work for its op-
eration is in progress.

Some controls have been incorporated in the
standard hardness m/c developed to regu-
late the speed of penetration of the indentor.
Further tests are in progress.

Torque generation facility has been extended
from 1500 N.m to 2000 N.m.

PRESSURE & VACUUM
1. Pressure Standards

i. In house calibration of three different
secondary standards upto 12 MPa by
cross floating with different working flu-
ids namely nitrogen, argon, helium and

ii.

iii.

iv.

ii.

iii.

ii.

hydrogen.

Ultra high pressure generation upto 40
GPa using diamond anvil cell (DST project)
The dielectric properties of ceramic
relaxor of materials were studied under
high hydrostatic pressure to investigate
the feasibility for the development of
capacitance transducer for the measure-
ment of hydrostatic pressure (INDO-US
project).

Design and development of commercial
hydrostatic piston gauge pressure stan-
dards upto 60 MPa with improved mea-
surement uncertainty upto +0.03%.

. Vacuum Standards

Characterization of Quartz Gauges for
negative and positive pressure measure-
ments using two different primary pres-
sure standards i.e. Ultrasonic Interferom-
eter Manometer and Air Piston Gauge for
helium, nitrogen, and argon gases.
Development of software for calibration
against QBG, CDG, Air Piston Gauge for
industrial pressure gauges and pressure
transmitters in the range 1 Pa to 500
kPa.

Vacuum Leak Standards : A method has
been developed in which a calibrated
leak is used to calibrate a spinning rotor
gauge or a capacitance diaphragm gauge.
The attractive feature of this technique
is that it can be used to calibrate those

_gauges which may have some discontinu-

ity and for the precise existence and
location of which the pressure would need
to be recorded contuniously.

. Surface Physics

Study of cleaning/washing effects on Pt-
Ir alloy used as standard mass material
using SIMS.

Surface analysis of vacuum engineering
material of sputter ion pump, namely
stainless steel and titanium using TDS,
AES and SIMS.
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iii. Studies of super structural phase forma-
tion of Ag/Si (111) system and its ther-
mally induced transformation using LEED,
AES and SIMS.

The formation of Mn/Si (111) 1nterface
at room and high temperature using LEED,
ELS and AES.

iv.

TEMPERATURE

A. Temperature :- The following tempera-
ture standards were maintained/kept
operational.

i. Triple point of water (0.01 +0.2m C)

ii. M.P. of Galium (29.7646 + 0.2 m C)

iii. F.P. of Tin (231.928 + 0.2 m C)

iv. F.P. of Zinc (419.527 + 0.2 m C)

v. F.P. of Aluminium (660.323 + 10 m C)

vi. Triple point of mercury (234.3156 + 1 mk)

B. Calibration Work :- Large amount of
calibration work was carried out for the
following items:

i. Glass Thermometers (-80 C to 300 C)

ii. Thermocouples (0C to 1100 C)

Comparison method
+ Au/Pd. Points

iii. Pyrometers & (1064 to 1800 C)
Tungstenstrip Lamp

v RTD’s, Digital indicator
with PT-100 Probe (30 to 600 C)

v. Liquid Baths
Medal-Block Comparators (-80 to 300 C)

vi. Standard-Platinum Resistance (30 to 600 C)
Thermometers.

a. A lecture on "Temperature standards and
calibration facilities at N.P.L., N. Delhi"
was Delivered by Shri Ram Krishan at
Cimet Conference, held during 5-7 Feb,
1996.

b. Accreditation of following labs:-

i. ETDC, Bangalore
ii. BHEL, Sultanpur (U.P.)

OPTICAL RADIATION

1. Established Detector Spectral Response
Calibration Facility using a Monochroma-
tor based Spectral Comparator (350 nm
to 1100 nm).

. Took part in International Intercom-
parision of Spectral Responsivity of Sili-
con-Photodiodes obtained from KRISS,
Korea under APMP. (Feb. 1996).

. Traceability of the existing Colour Tem-
perature Scale was checked with the
Recalibrated Reference Standards from
BIPM (Oct. 1995).

. 40.5% Increase in Revenue Earning
through Calibration Earning increased
from Rs. 8.48 lakhs (1994-95) to Rs.
11.92 lakhs (1995-96).

. Application of Coherence-induced spec-
tral changes in Optical Measurement (DST
and YSA sponsored projects).

INFRARED RADIATION

Increase diverse application of infrared in-
strumentation for energy conservation and
control, general sensing and communication,
military applications and for industries such
as cement, steel, glass, textile, food, fertiliser
and petrochemical require standards of these
parameters in general and standards for
spectral transmittance, spectral reflectance
and emittance in particular.

These standards are not readily available
from any of the standards laboratories of the
world. Currently available standards provided
by NIST, USA operate in the uv, visible and
near infrared up to 2.5 pm only. Hence, the
development work on the standards of spec-
tral specular reflectance, and spectral trans-
mittance for 2.5 to 25 pm region was taken

up.

i. Various well characterized, both surfaces
polished windows of ZnSe, As, S, and
CaF, were procurred and studled for their
use as standard of transmittance (high
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transmittance values).

ii. Effects of aging, environment, surface
conditions and thickness uniformity on
transmittance standards were studied.
Uncertainty in their transmittance values
were evaluated.

Transmittance of various well polished
materials were studied in convergent in-
cident radiation of 2.5 to 25 um. These
values were compared with regular trans-
mittance values. Some interesting results
have been obtained which were commu-
nicated for publication.

iii.

Polarisation state of spectrophotometer
was deduced and its effect on transmit-
tance/reflectance of standards have been
evaluated.

iv.

Five infrared scanners/thermovision systems
were calibrated.

Essential and imported feed back regard-
ing the quality, thickness and -homogene-
ity of the DLC film developed by Amor-
phous silicon group of the laboratory was
provided by studying reflectance/trans-
mittance of these films in 2.5 to 25 pm
spectral region.

e

ii. In-house testing was done for various
developmental and sponsored projects of
the laboratory.

ULTRAVIOLET RADIATION

There is global interest to have quantitative
information about air UV (200 - 400 nm)
radiation emitted from natural or artificial
radiation sources producing several harmful
effects on human and living beings and marine
life. Such information in several ways is
needed in industry, hospitals, agriculture,
pharmacetical areas, etc. in contrast to these
requirements the services offered by existing
metrological laboratories for UV radiation
measurement and standardisation are limited
and moreover are required to be upgraded to
meet the situation. In the laboratory with

limited inputs and infrastructural facilities,
some facilities for the calibration and
measurement of

a. UV Radiation sources

b. UV detectors response and linearity

c. Characterisation of UV filters for trans-
mittance, spectral bandwidth

d. Calibration of portable UV meter etc.

have been created and also extended to
industries and user institutions. We have
created facilities for quantitative measure-
ment of air UV (200-400 nm) radiation with
uncertainty of £ 10% at 260 nm.

ACOUSTICS

1. Improving the accuracy of accelerom-

eter recalibration

Among the various factors responsible
for improving the acuracy of recalibration
of accelerometers, the method of mount-

T T T T T T T T
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ing, choice of preamplifier (with very
high input resistance) and capacitance of
the connecting cable are very important,
from a practical point of view, in decid-
ing the overall accuracy and the useful
frequency range of the measuring sys-
tem. The normal stud mounting, with
silicon grease in between, is found to be
superior to other mounting techniques.

Traffic noise levels in busy roads are 75
dB (A) under Light traffic condition 80-
85 db (A) under Medium to Heavy traffic
condition 90 db (A) or more under con-
gested slow traffic condition

With number of vehicles/Km of road
increasing from 31 in 1975 to 103 in
1995, the average vehiclular speed has
come down to around 20 Km/Hr from
40-50 Km/Hr, leading to increased air/
noise pollution potential.

Industrial Noise Surveys in two factory
premises was done

ii.

it

85

Average noise levels in plant areas :

+ 4 dB(A)
Noise level in generator room : 97 dB(A)

Increase in noise level to due spl. opera-
tion like fork lifting, stamping etc.

Development of phased array antenna
consisting of 76 elements for possible
use in Doppler mini sodar, with effi-
ciency about 25 db at 2.5 KHz and 30 dB
at 4.5 KHz.

Can also be used as an efficient acoustic
source for RASS temperature profilers.

V.

Inversion Climatological Studies at IPCL,
Nagothane and SAIL, Durgapur contin-
ued.

Development of Doppler & Doppler Mini
Sodar in progress.
Antartica Boundary Layer Studies at Du

Mont-da Vrville (French Base) undertaken
by Dr. Gera B.S. under ICTP fellowship

at Italy.

Vi.

vii.

2. Standardization, Calibration Testing
work was done.

i. Accuracy of primary standards of sound
pressure (+ 0.2 dB) and vibration ampli-
tude (+ 0.5%) was maintained through
periodic calibration exercise.

ii. Calibration of secondary/working stan-
dards from regional laboratories/indus-
trial units was undertaken.

Evaluation & testing of electro-acoustic
equipments and acoustic products devel-
oped indigeneously were undertaken.

iii.

iv. No. of calibration/Test Certificates is-
sued : 115
v. Calibration range of non-contact

techometer was enhanced to 40,000 rpm
through multiple detecion technique.

Noise & vibration measurement and
analysis undertaken

ULTRASONICS

Further units of 38 KHz underwater pinger
device complete with electronics and battery
were supplied to NSTL, Visakhapatnam.

vi.

Vartous hydrophones fabricated using 1-3
composite ceramic elements supllied by
NMRL, Bombay, have been tested in under-
water acoustic test tank to evaluate their
receiving sensitivity and directional charac-
teristics. Receiving sensitivity of a typical 1-
3 composite hydrophones with Neoprene
encapsulation were measured in the fre-
quency range 12 KHz to 100 KHz.

A complete pinger tag of miniature size 93
mm length, 18 mm dia, 12 gm weight in
water suitable for tagging 400 mm larger
fish has been developed.

The peak acoustic output of the tag at 75
KHzisdBre:p.Paatlm.

A transponding acoustic system has been
fabricated using a 75 KHz tuned acoustic
receiver as trigger in combination with a
acoustic pulse transmitter. The response
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of RF-squid effect due to natural grain bound-
ary weaklinks in YNi, B, C superconductors.
A sensitive magnetic field sensor based on
harmonic generation effects in high-Tc¢ su-
perconductors has been developed.

Observation of Squid behaviour in Hg (TI)
Ba-Ca-O thin film upto 117.5K, the highest
temperature at which squid has ever been
operated. Earlier, in 1994 IBM group re-
ported DC-squid characteristic upto 111.8K
in Hg-1223 film. Development has been
done of a novel non-contact technique for
measurement of Tc of superconducting
samples of irregular shape and very small
size.

MICROWAVE SUPERCONDUCTIVITY

Microwave surface resistance measurements
have been carried out YBCO thin films using
parallel plate dielectric resonator designed
and fabricated at NPL. The variation of
surface resistance with temperature,
microwave frequency, dc and rf magnetic
fields have been measured.

A modified and plate replacement technique
has been developed for measurement of
microwave surface resistance of HTS samples
of small dimensions.

A systematic study of magnetic penetration
depth AO) for bulk and thin film samples of
YBCO has been carried out as a function of
density and frequency. A(O) decreases with
increase in density and is minimum for c-axis
oriented thin films. A(O) is independent of
frequency in the range 10-26.4 GHz.

YBCO thin film microstrip resonator has
been designed & fabricated. Various charac-
teristics of the resonator, such as quality
factor, insertion loss and frequency shift as
a function of temperature and input incident
power have been measured.

AUGER STUDIES

Electron spectral sfudies have been carried
out on YBCO «thin films The strength of

electron corredation and changes in Cu va-

A

lence for in plane carriers has been found
crucial to sustain superconductivity. Doping
of Pr lons changes the copper valency which
causes suppression of superconductivity.

LF & HF IMPEDEANCE STANDARDS

(i) The work on fabrication of 1000 MHz
high precision admittance bridge in
collaboration with Slovak Institute of
Metrology has started. One of the four
arms of the bridge has been constructed
at NPL workshop. The rest of the bridge
will be constructed after electrical evalu-
ation of this arm has been completed.

The design and development of a set of
high frequency inductance standards has
been completed. This set consists of
three inductors having nominal values
of 1, 10 and 100 uH. This set will be
used for calibration and performance
evaluation of 4-TP LCR meters etc.

A 10 pF reference standard capacitor
of parallel plate configuration has been
designed, fabricated and assembled. Its
stability has been studied for a period
of more than one year and as such it is
found to be stable within 20 ppm per
year. It is now ready for hermetically
sealing.

A new facility has been set up for

measurement of tan & of capacitors
upto 100 V at 1 kHz.

A new facility for absolute calibration
of Transformer Ratio Standards has
been set up. This set up can measure
transformer ratio with an uncertainty of
+ 0.03 ppm.

The automated IVD (Inductive Voltage
Divider) calibration set up has been
modified to improve the measurement
accuracy from 0.1 ppm to 0.05 ppm.

AC & LF STANDARDS
=
1t

(ii)

(iii)

(iv)

(v)

(vi)

Power & Energy Measurements

Facility for phase current measurement
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under 17.5% of 3RD harmonics distor-
tion in current paths.

2. Improvement of measurement

uncetainty for
3¢ system : from + 0.05% to 0.03%
1¢ system : from + 0.03% to 0.02%

3. Bilateral comparison of watt converter
(= 0.02%) PTB Germany/NPL India.
Tally of results : within 80 ppm

AC high current & high voltage stan-
dards

1. Facility for the calibration of PTTS JIG
was established.
Accuracy : + 0.1%

(I1)

2. Extension of the range for calibration of
weld testers/scopes from 10 kA to 15
kA at 50 Hz.

Accuracy : = 1%

3. Bilateral comparison of reference stan-
dard current transformer with PTB

Germany.
Tally of Results : Within + 0.03%.

4. Facility established for the calibration
of CT burdens at 50 Hz.

Accuracy : = 1%

HF & MW VOLTAGE, CURRENT,
POWER, FREQUENCY AND NOISE

This group is working for the establishment,
maintenance and updating of primary and
transfer standards of AC and LF voltage and
current. HF and MW power and noise in the
frequency range of 10 Hz to 26 GHz. This
activity provides apex level calibration facili-
ties for the above parameters to user
organisations all over India.

(i) International intercomparison of multi
junction thermal converters (primary std.
of LF voltage) has been carried out
under BIPM umbrella with 11 laborato-
ries under euromet loop and 11 labora-
tories in world wide loop. 3 volt MJTC
was intercompared at 1 kHz, 20 kHz,

100 kHz and 1 MHz. Tl.e intercom-
parison was carried out ¢n a fully auto-
mated setup which was designed at
NPL. The relative AC_DC transfer er-
ror of NPL MJTC with respect to PTB
MJTC is within + 5 PPM upto 100 kHz
and =+ 20 PPM at 1 MHz which indi-
cates an excellent agreement in NPL
and PTB LF voltage standards.

Automation introduced in the calibra-
tion of thermal voltage converters.

(ii)

One voltage calibration tee has been
fabricated based on PTB design for
voltage calibration work in the 10 MHz
to 1000 MHz frequency range.

(iii)

Evaluation of coaxial microcalorimeter
further continued and results are being

(iv)

summarized.
Parameter Accuracy of Mesurement
Standard Uncertainty
LF Voltage 2X E-06 to +0.005% - + 0.01%
(10 Hz-100 KHz) 1.5X E-05
LF Current do + 0.01% - £ 0.05%
(10 Hz-100 kHz)
HF Voltage 1XE-04 to =+ 0.05% - = 5%
(IMHz - 1GHz) 5XE-03
HF & MW Power 2 X 1IE-03 + 0.5% - + 1.5%
(1 MHz - 18 GHz) (effective
efficiency)
HF & MW Noise 1K + 0.32 dB
(ENT) (ENR)

HF & MICROWAVE ATTENUATION
AND IMPEDANCE STANDARDS

Calibration facilities were upgraded for .
coaxial fixed & variable attenuators in the
frequency range 1-18 GHz in coaxial &
waveguide systems using AF Substitution
Technique & IF Substifiition Technique.

For coaxial & waﬁeg.uide standard
mismatches coupled sliding load technique
tuned relectometer technique {(Xn-, X-& Ku-
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band microwave frequencies) using
indigenously designed & developed
impedance standards e.g., Quarter wave
short circuits, Precision waveguides, match
terminations etc.

MAGNETIC STANDARDS

Facilities have been established for the cali-
bration of fluxmeters using volt-second gen-
erator with an over all uncertainty better
than = 0.5%.

Search coils of different turn-areas used for
the measurement of flux have been designed
and fabricated. Results have shown good
agreement between calculated and experi-
mental values of turn-areas.

A multilayered one meter long standard so-
lenoid has been designed and fabricated in
NPL workshop. Preliminary measurements
are in progress.

Measurements conducted for studying varia-
tions in geomagnetism during solar eclipse

(24th Oct., 1995) at NPL, New Delhi. Pro-
nounced effect on the variation of vertical
component of magnetic field observed. Both
the vertical component and the total mag-
netic field intensity remained depressed by
about 250 nT.

Extension of flux density measurement range
from 10000 gauss to 15000 gauss. Work
has been initiated for the fabrication of hall
probes of different materials in collaboration
with JVS & squid group.

Helped the following groups of NPL in con-
ducting magnetic measurements

i) JVS & Squid Group

ii)  Thin Film Group

iii) Cryogenics Division

AC measurement setup for soft magnetic
materials is ready for testing and calibration.
NMR measuring set-up ready for evaluation.
Electromagnets and power supply to be tested

at Bruker co., Germany before being sent to
NPL, India.




[ MATERIALS DEVELOPMENTU

SILICON AND SILICON DEVICES

More than 35 batches of 100 mm x 100 mm
size silicon solar cells were processed. The
cells were 'fabricated using both CZ single
crystal or multicrystalline silicon wafers and
had screen printed silver contacts on front
and back. A novel method of bringing about
a substantial improvement in the -V charac-
teristics of the cells showing high series
resistance was developed. In this method the
cells are treated with NaOH and AgNO,
solutions. This reduces the series resistance
and increases the curve factor of the cells
without any noticeable adverse effect on the
contacts. The PECVD system, Vacutec model
1530S, was made functional by making it
PC controlled and a number of cells were
given Si;N, AR coating using this system.
The cells were found to have the open circuit
voltage (V) ~ 585-595mV, the short circuit
current density J,, ~ 27-30mA/cm?, curve
factor ~0.68-0.73 and efficiency ~11-13%
(AM 1.5, active area).

The contribution of the depletion layer to the
series resistance of the cells was estimated
and a new theoretical model was developed.
The model is applicable equally to fully and
partially illuminated cells.

The work on 2-D diffusion modelling for
VLSI process simulator was continued. The
simulation of bird beak which develops dur-
ing oxidation of silicon near the edge of a
silicon nitride mask was carried out. The bird
beak was digitised on non linear grids to
calculate the interfacial fluxes of the diffusant
impurities. The 2-D oxidation routine was
developed and integrated with the diffusion
programme.

Efforts were made to establish an active
collaboration with the Solar Energy Centre,
Gwal Pahari, Gurugaon (Haryana) in the
field of Solar Energy Utilisation.

The porous silicon specimen which showed
photoluminescence under UV excitation were
studied with the help of atomic force micros-
copy (AFM). The nanocrystalline regions of 1-
3 nm size were clearly seen. The existence of
a negative differential resistance (NDR) re-
gion was found in the |-V characteristics of
photoluminescent specimen. These investi-
gations showed that there existed a possibility
of quantum confinement of carriers in the
nanocrystalline regions which may have been
responsible for photoluminescence in these
samples. Application of electric field showed
a decrease in the intensity of photolumine-
scence. Attempt was made to explain this
behaviour based on quantum confinement
and resonant tunneling phenomenon.

1. High Temperature Superconducting
Wires/Tapes

During 1995-96, techniques to fabricate long
length silver clad monofilamentary BPSCCO
tapes by the PIT method has been further
refined to produce tapes and spiral coils (see
photograph). Thickness was reduced first in
form of wire and then the resultant wire was
rolled in tape form in several reduction steps
with an intermittent anneal after each step.
Finally the tape was alternately rolled/pressed
to reduce thickness and.sintered at 800-
850°C for 100-300 hrs. 5 meter long tapes
single filmentary and 10 &m long multi-fila-
mentary (6-9 filaments) tapes have been fab-
ricated and end-to-end superconductivity at
77K has been demonstrated. The tapes
showed critical current density (J,) of = 3000
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A/cm? at 77K and OT. Small superconduct-
ing coils made out of these tapes show a J
of 1000 A/cm? at 77K in self field.

2. Porous Ceramic Materials

New designs of prototypes of sponge ceramic
(cordierite) particulate filters for the exhaust
of a two wheeler were evolved for effective
filtration using the sponge ceramics made at
NPL. These were tried on two wheelers.

3. Magnetic Materials

A project to increase the silicon content of
silicon steel sheet to 6 wt% Si by CVD process
and optimise its magnetic properties was
taken up under the sponsorship of the Tata
Iron & Steel Co. (TISCO). A CVD reactor to
deposit silicon from SiCl, on low silicon steel
was built with diffusion anneal facility upto
1300°C. Starting from steel with 1.5 wt% Si,
feasibility on increasing the silicon content to
6.5 wt% Si was established. The operational
data on silicon deposition rate and its varia-
tion with substrate temperature, time, gas
flow rate and SiCl, content of the gas was
generated. Parameters for homogenization
anneal was also optimised. The high silicon
steel showed the following properties - Si -
6.0-7.5 wi%; B, - 1L.5-1.8°1;, H .- 24 AT/
m and electrical resistivity - 90-100 uQ-cm.

e e
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Work on fabrication of YIG (yttrium iron gar-
net) films formed by MOCVD process has
been further extended. An overcoat of CoO
on YIG thin film resulted in coercivity of > 280
kA/m, the highest value reported in literature
for YIG thin films. Another interesting result
obtained was low temperature in-situ MOCVD
deposition of magnetic garnet phase in mul-
tilayer YIG and Co and Ce doped YIG thin
films obviating a high temperature (at = 900°C)
anneal normally required to obtain the mag-
netic garnet phase. This opens up the possi-
bility of use of low cost substrates like glass for
YIG films for magnetic and magneto-optic
recording.

A DST funded project to fabricate an Auto-
matic Self Locking NMR Gaussmeter was
started during the year. Several sub-systems
like controller, auto range selector, digital
amplitude detector and NMR resonance-to-
frequency converter were fabricated.

Interface and Microstructure Devices

Significant progress has been achieved on
the post deposition processing which in-
volves annealing, CdCl, treatment, surface
conditioning and formation of pseudo-ohmic
contacts. As part of the industrial consultancy
for EcoSolar Systems, Pune, process tech-
nology for the preparation of contacts has

WL LU

Photograph showing some of the superconducting coils of different lengths,
(up to 5 m) of silver clad HTSC BPSCCO tapes.
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Electrochromics . Solid Polymer Electrolyte
. Applications
Sol-Gel Processed . Oxides
Materials . Ferroelectric
. Thin film, Monoliths
. Composites
Spectroscopic
techniques and . Instrumentation
applications . Methodology

BIOMOLECULAR ELECTRONICS
AND CONDUCTING POLYMERS

(A) Following activities have been done
(i) Electrochemical synthesis and

characterisation of polycarbazoles.
Electrochemical entrapment of
polyaniline in sol-gel films.
Fabrication of electrochromic dis-
plays based on polyaniline.
Immobilisation of glucose oxidase
in polypyrrole and polyaniline.

(v) Prepration of langmuir-blodgett
films of polyaniline.

Fabrication of glucose biosensor
based on polyaniline langmuir-
blodgett films.

(ii)
(iii)
(iv)

(vi)

(vii) Release of glucose biosensor de-
veloped at NPL by Pulsatum
Healthcare Pvt. Ltd. Banglore for
clinical trials on January 18, 1996.

Glucose Biosensors

The Glucose biosensors developed at NPL
for monitoring sugar levels in blood is now
being manufactured by Pulsatum Health Care
Put. Ltd., Bangalore. The company has re-
leased a commercial model for extensive
clinical trials and user reactions.

Development of solid state electrochromic
devices (ECD’s) for display applications.

Novel solid polymeric electrolytes based on
poly vinyl butyral have been developed using
different lithium salts and appropriate sol-
vents. High ionic conductivity has been
achieved as to be suitable for using them in
electrochromic devices for "Smart window"
applications (see figure).

1. Dielectric investigations in ferroelec-
tric liquid crystals.

Extensive dielectric investigations in ferro-
electric liquid crystals have been carried out
in the frequency range 10 HZ-13 MHz. The

‘Figure illustrates an ALL SOLID STATE ECD with PVB based SPE in its coloured-and bleached states
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G.OW TEMPERATURE PHYSIC@

HIGH TEMPERATURE
SUPERCONDUCTIVITY

(i) Tc Degradation in Y-124 Doped
with Fe & Ni

Systematic measurements of the resistivity
of the polycrystalline samples of Y-124 system
with Fe and Ni substitution have been carried
out. The resistivity behaviour depends strongly
on the dopant concentration and for Fe 6
at% sample there is no metallic behaviour in
the resistivity, but for T exceeding 50K the
resistivity decreases very slowly with
temperature. The resistivity behaviour of Fe
10% and Ni 5% samples is analysed and it
is found that the variable range hopping
process may occur in these samples below
30K. While the Ni 5% sample is found to
show signs of the nearest neighbour hopping

Figure shows STM image of Ba-O plane of
YBCO unitcell

process of conductivity above 150K, the Fe
10% sample does not show such behaviour
upto 300 K. It seems that localization may
not be the reason of the Tc depression in
these doped samples. We have examined
the possibility of Tc degradation due to
carrier-impurity potential scattering by using
a single crystal analog of the polycrystalline
sample and have found that this may not be
a reasonable source of Tc degradation of Ni
and Fe doped 1-2-4 samples.

(ii) Thermoelectric Power of Bi-2212
System

The thermoelectric power of optimised (Tc
of 90K) and oxygenated (Tc of about 70K)
samples of Bi-2212 system has been
measured and analysed using a two band
model. The analysis shows that intercalation

Figure shows STM image of Cu-O chains in
YBCO unitcell
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of oxygen in Bi-O layers plays an important
role in determining the thermopower of the
system. Scanning tunnelling microscopy of
optimized and oxygenated samples provide
qualitative support to the model.

(iii) Low Field A.C. Susceptibility Stud-
ies of Flux Creep & Jc :

Low field a.c. susceptibility studies of pure
Fr-123 and substituted samples with Fe, Co,
Ni and Ga as dopants have been carried out
in the frequency range up to 1 kHz. The
activation energy for flux creep in the case
of doped samples is considerably lower than
that for the undoped sample. The analysis of
the data within the framework of Muller’s
model shows that the intergrain critical cur-
rent density gets considerably supressed by
dopants. Using STS junction model it is
argued that this can be attributed to the
reduction in the Fermi energy of the system
due to the localization caused by the pres-
ence of dopant atoms.

The studies of the above samples have been
made at various a.c. field amplitudes. Analy-
sis of the temperature dependence of sus-
ceptibility at these fields has been done
using Kim’s model of critical state. The
dopants are found to lower the temperature
dependent intergranular critical current den-
sity of Er-123 system at different rates; Fe
having the maximum degradation effect while
Ni, the least. The results are in full accord
with those given in the above para and the
observed decrease in Jc of the doped samples
is the result of reduction in the zero tem-
perature pinning potential brought about by
the metallic dopants.

(iv) Effect of Fe Substitution on Mag-
netism and Superconductivity of
YBCO System with Variable Oxy-
gen content

Magnetic and superconducting behaviours of
fully oxygenated and oxygen-deficient YBCO
samples containing doped Fe atoms have

been studied for different doping levels. With
increasing Fe content, orthorhombic distor-
tion of fully oxygenated samples decreases
while it recovers partly for oxygen-deficient
samples. In the normal state the effective
paramagnetic moment per Fe is found to get
lowered with oxygen depletion. Tc depres-
sion with Fe substitution is altered with oxy-
gen content and the magnetic moment of Fe
does not seem to be the prime cause of Tc
depression which could be due to hole filling
and direct supression of pairing interaction.

(v) Scanning Tunnelling Microscopic
Studies of Fullerene C-60 & its
Intercalated Cuprate Supercon-
ductors

Various types of anomalies in the carbon
cage morphology of C-60 molecules are
described and unusual situations, such as
merging of two buckyballs, theoretically en-
visaged previously by other authors, have
been experimentally corroborated using STM.
The samples prepared at the Institute of
Molecular Science, Japan where C-60 mol-
ecules were intercalated in Bi-O layers of Bi-
2212 cuprates were also investigated and
the intercalated such molecules have been
experimentally detected by high resolution
STM technique. Tc of the intercalated
samples is briefly discussed.

(vi) Nanostructure Morphology of
Atomically Resolved Chains and
Planes of YBCO Single Crystals
Grown with Different Additives:
(With Clarendon Laboratory)

Bulk single crystals of superconducting YBCO
grown with different additives, eg., barium
fldoride, boron oxide, bismuth oxide have
been investigated to gain insight into the
problem of combating Tc degradation due to
aluminium contamination from crucible
material. The crystals have been subjected
to high resolution imaging of chains and
plaines using STM, while the changes in the
conduction spectra of chains due to Al con-

R T TR, o SR SRR T e |









[RAmo & ATMOSPHERIC SClENCES]

1. GLOBAL CHANGE

Global warming and changing lonosphere

A cooling of 50 k in the thermosphere,
predicted due to doubling of CO,, is ex-
pected to produce some permanent changes
in the ionospheric F2 region. We have exam-
ined 32 years of F2 layer critical frequency
(foF2) data for three ionospheric stations
namely Boulder, Washington D.C. and Mos-
cow in this connection. No significant longterm
changes in foF2 could be identified. This is
not a surprising result because CO, has
increased only by about 15% durmg that
period. Even a doubling of CO, would result
in a small change in the F2 layer electron
density. We conclude that no detectable
permanent change has yet occurred in the
F2 layer during the last thirty years.

Data Center on Global change

Data Center on Global change and other
Atmospheric and Space science research
areas has been initiated as a component of
the NPL’s Center on Global Change for use
by Indian scientific community as well as for
the use under the various international net-
works for global change studies. Apart from
middle atmospheric and space science data,
it is also a major storehouse for data useful
for the preparation and updating of the GHG
inventory of the Indian region.

Estimation of CH,

Revised estimates of CH, emission from
paddy fields, livestock populatlon agricul-
tural residues and coal mines, CO, emission
from coal, oil, petroleum, mdustrlal sectors
and forestry/land use change have been
prepared under a multi-institutional effort

coordinated by NPL's Center on Global
Change.

Solar Infrared Spectroradiometer

IR solar absorption spectra for the years
1992-93 and 1994-96 have been analysed
to determine integrated columns of CO, and
methane to study their seasonal dependence
and their impact on global warming. It has
been found that CO, and methane exhibit
large seasonal varlatlon

Aerosol optical depth calculated during Solar
Eclipse of 24th October, 1995 at NPL, New
Delhi shows that aerosol optical depth in-
creases during the maximum obscuration of
solar eclipse.

Solar UV-B Radiation and Aerosol Mea-
surements

In addition to normal spectral measurements
of Solar UV-B radiations, a new feature of
measurements for these radiations through
UV-B Biometer instruments, which mea-
sures the total UV-B energy in the UV-B
band in the form of Minimum Erythemal
dose which are directly relevant to biological
applications, was introduced. The data was
collected throughout the year and was found
that the Minimum Erythemal dose was three
times more during the summer months com-
pared to dose during the winter months.

The Spectral and Minimum Erythemal Dose
measurements of UV-B radiation were car-
ried out during the solar eclipse period (Oct.
24, 1995) both at New Delhi and Neem Ka
Thana (Rajasthan).

The observations of solar radiation measure-
ments in visible and near Infrared region
related to atmospheric aerosol optical depth
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