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Director's Report

It gives me great pleasure to present to you the annual report for the
year 1997-1998. We are late in bringing out the report. The main reason
being that we have changed the focus, content as well as the presentation
of the report. We also have a relatively new team looking after it.

You will see in the report that the laboratory has made excellent all
round progress during the year. It has its share of success and it has reasons
to rejoice.

1997-1998 is the year of golden jubilee of NPL. It has come a long way
and has to its credit 50 years of dedicated service to the nation. It has a
glorious past, a vigorous present and a very bright future. I pay my tribute
to the scientists of NPL and the past Directors who provided leadership to the laboratory.

This year also show a change of Director of NPL. Prof. E.S. Rajagopal retired from NPL
after completing six years in office. The laboratory showed a good growth during his tenure.
The experimental programmes were strengthened, number of new projects were initiated
and the ECF of the laboratory showed a strong upward trend. I give full credit to Prof.
E.S.R. for all the good work done by him for the laboratory.

A review committee headed by Dr. R. Chidambaram, Chairman, Atomic Energy
commission was set up to advice NPL to set a new course in the years to come. The committee
submitted report in September/October 1998 and had made a number of very important
implementable recommendations for NPL. The review committee was very appreciative of
the various strong programmes of NPL and its suggestion was to strengthen its strong areas
and make an impact.

A new Research council (RC) was also appointed in January, 1998 under the
Chairmanship of Dr. R. Chidambaram. The out going RC headed by Prof. Sreekantan had
done an wonderful job for the laboratory. my sincere gratitude to Prof. Sreekantan and to all
the members of the out going RC. I am looking forward to a very strong interaction and
guidance from the new RC.

I took over as the Director of this great laboratory on October 1, 1997. After few months
~of acquaintance with the laboratory I had set upon the following tasks for myself which I
would like to implement in the coming three years : :

1. Modernization of the infrastructure in the laboratory for R&D work. This includes
communication, access to modern information technology tools, library, power, cryogens
and over all ambience.

2. Maximum utilization of available experimental facilities to the best interest of the laboratory
and resource and facility sharing.

3. Internal consolidation through focus on fewer programmes and stop areas which are
stagnating. In particular strengthen the area of primary standard of physical measurements.

4. Project oriented work plan, performance linked budget allocation and delegation of powers
to project leaders.

5. A system based administration and organization leading to a quality system. Documentation




and dissemination of much needed information.

Reaching out to interact with other organizations in India in a collabor-a_tive mode,
particularly in the areas of societal and national importance.

Human power training in needed areas at all levels.
Punctuality, attendance and accountability.

In this plan I am very strongly guided by the review comittee report. In the years to
come we will find out to what extent we are successful. Our next stage of plan will very
much depend on the success and out come.

We have a bright future but that can only come through hard work, a collective sense of
responsibility, a scientifically enlightened and knowledge empowered culture and an enabling
administration and infrastructure.

[ am sure that you will like this new look annual report. I want to sincerely thank the
publication group and the staff from various divisions who helped us to gather information
and put it in a new format :

xRy Anwoll

(A.K. Raychaudhuri)
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Fig. 2.1 : The Josephson effect based primary standard of (DC) voltage at 1 Volt level. The Zener reference
standard calibrated against it has an uncertainty of + 15 n\.






















Fig. 3.1 : A Carbon ring now replaces conventional metallic ring in fixators for polio patients.
A polio patient is shown with fixator. ' '









04 Electronic Materials

TUBE CONDUCTANCE FOR
LOW HEAT LOSS
HIGH CURRENT LEAD
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Fig. 4.1 : The BPSCCO/Ag HTS tube conductors.



T he activities of this division
is wide ranging from electro-
ceramics to superconducting
ceramics. Bismuth based
superconducting tapes are
developed for prototype magnet
fabrication. Improvement in
usual phosphors and electro-
luminescent device development,
thin film, infrared/optical filters,
amorphous semiconducting thin
film, thin film of Diamond like
Carbon (DLC) and development
of solar cells of high efficiency and
low cost are other important areas.

The activities in this area
consisted of semiconducting,
superconducting and insulating
materials in the bulk and thin film
form and devices made out of them
for eventual adoption by the
electronic industries.

Silicon and Silicon Devices
Crystalline Silicon Solar cell

Solar cell structure which may
be suitable for fabrication of high
efficiency large area (94 cm?)
solar cell was developed from
low cost and low minority carrier
lifetime (<10 ps) crystalline silicon
wafers using aluminised
substrate to substrate bonding
(ASSB) of low lifetime base wafer
and a thin high lifetime (>10 MS)
active wafer. Two 10 cm x 10 cm
pseudo square wafers were
screen printed with aluminium
paste and the binders were
removed by heating them at
about 400°C in air. Thereafter the
wafers were stacked vertically
with the aluminium coated sides
pressing against each other and
bonded together by heating at

825°C for 15 min. in a neutral
ambient.

One of the bonded wafer was
thinned down to 150 microns by
selective etching of the exposed
surface and then an n* -p-p~
solar cell was fabricated by POCL,
diffusion in the thin wafer and
screen printed metallization.
Because of the back surface field
(BSF) produced by aluminium,
the open circuit voltage was quite
high, e.g., 580 mV even without
oxide passivation. The short
circuit current density was 20 ma
cm?  without any optical
confinement. However, curve
factor was only 0.58. This poor
value of C.F. was attributed to
high series resistance arising out
of incomplete bonding in vertical
configuration. However in the
very first experiment we
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Fig. 4.2 : Schematic arrangement of determination of contact resistance of

n+ front surface of solar cells.
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05 Polymeric and
Soft Materials

Fig. 5.1 Glucose Biosensor






Fig. 5.2 : Setup for the electro-applied measurements of liquid crystal cells
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Fig. 5.3 : Transmission intensity versus applied voltage at various frequencies.
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potential of these sensors for de-
tection of toxic gases and micro-
biological species. Experiments
have indicated the sensitivity of
these sensors towards CO, NH,,
soil bacteria, E-Colii, and certain
other microorganisms. These
polymeric sensors found use in
food processing industry as well.
These sensors have shown excel-
lent sensitivity towards micro -
organisms like E.Coli, Fungus
and Yeast normally encountered
in food processing and can be for
on line monitoring of the food
processing chain.

Polymeric systems offer the
advantage of flexibility in
fabrication of films of optical
quality, which makes them
suitable for integrated-optical
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Fig. 5.4 : Set up for measurement of sensitivity of polymer films towards micro organisms.

Fig. 5.5 : Sensitivity of Polymeric Thin Film sensors for Yeast Con-centration

device structure.

Semiconducting polyaniline
thin films, prepared by vacuum
deposition have been found to
exhibit strong electrical and op-
tical non-linearity. The electrical
conduction in polyaniline thin
films is field dependent. The low
field conduction follows Schottky
and Poole-Frenkel type of
mechanism. At high fields a low-
ering of the potential barrier at
the metal - polymer interface and
intercrystallite boundaries and
release of charge carriers from
traps and contribution from do-
nors is observed. The application
of a transverse electric field
across the thin film modifies the
optical absorption and cause
electro-optic modulation of the
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Fig. 6.2 : High Resolution X-ray Diffraction Curve (GaAs-InAs-Ga As) Structure for THz Diodes.
(Azimuthal orientation 180°, Linear position 11.63)

porous silicon crystals were
angularly separated. The
angular separations were in the
range: 230-320 arc sec.

Study of point defect clusters in
as-grown and annealed BGO
single crystals

High resolution diffuse X-ray
scattering “(DXS) measurements
have been made to characterize
point defect clusters in bismuth
germanate (Bi,Ge,O,,) single
crystals grown at NPL by low
thermal gradient Czochralski
method (Fig. 6.3). Crystals free
from grain boundaries and
dislocations have been chosen
for these studies. A multicrystal

X-ray diffractometer employing
a well collimated and highly
monochromated MoK o, beam
set in (+, -, -, +) configuration has
been used. The half width of the
diffraction curves for the as
grown specimens is around 10
arc sec for (400) diffracting
planes. As the curves were
narrow, DXS measure-ments
could be made very close to the
reciprocal lattice point (RLP) and
at small incremental values in the
magnitude of the scattering
vector. Experimental data of DXS
intensity has been analysed by
using a pheno-menological
model for small concentration of
dislocation loops wherein the
point defects are loosely clustered

with inter-actions among them.
For this analysis the cluster
radius R , cluster volume A and
the number of point defects
within a cluster N, have been
determined. The values of R , A,
and N for as grown crystals are
respectively 3.78 x 10-5 cm, 3.75
x 10-17 cm? and 3.24 x 10% The
as-grown specimens have been
annealed at 500°C, 700°C and
900°C for about 8 hours in the
ambient atmosphere. Upto
700°C no change in half width
of the diffraction curves and the
distribution of diffuse scattering
was observed. But at 900°C there
was a considerably change in the
half width of diffraction curves
and the distribution of diffuse
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07 Radio & Atmospheric
Sciences Division
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08 Superconductivity
(Experiments & Theory)

Nanoscope II
Parameters:

Bias -81.5 mU
Setpoint 0.09 nR
- 5.1 A7Iln(I

xY
Samp les

Data taken Med Jun 18 13:34:33 1997
Buffer 4(IRD2), Rotated 180+, XY axes [nml], 2 axis [nm]

Fig. 8.1 : STM image of BSCCO Single Crystal (1 x 10" ion cm?) irradiated with 250 MeV ag*'’ ions.



































































































YEARWISE FINANCIAL GROWTH FROM
TESTING & CALIBRATION SERVICES
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Actual Expenditure
(1997 - 1998)

Budget Head _ _ . _ Rs. (Lakhs)
Salaries (Pay & Allowances) : " 1496.306
Contingencies - | 196704
Maintenance _ - . 48.967
Chemicals - : ' 94.737
Work etc. - ' ' : 26.129
Equipment - : . - : 84.812
Total : - '  1947.655
Sponsored Projects - | : . . - . _- 292.445

Salaries 77.0%
® Contigencies 10.0%
® Maintenance 2.5%
® Cﬁemicals 4.9%

Works etc. 1.3%

® Equipment 4.3%
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