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Forewond

It is a great pleasure for me to note that the Institute of Advanced Study in Science and Technology,
(IASST), Guwahati-781022 is making a steady progress towards achieving its cherished goal though it is yet
to achieve a quantum jump. To demonstrate a spectacular achievement, quantum of assistances and
blessings are absolutely necessary though pouring of wealth is not a guarantee to achievement.

The industrial concerns should also come in a big way to encourage the scientists for their own good.
Instead of looking for ready made imported ideas and materials, there should be more emphasis for the
interaction between the resource persons of industries and research . There should be an honest effort to
build up mutual trust between industries and research organisations.

Last year we stressed on disciplineand hard-work for success in scientific pursuit. Nobody can attain his/
her zenith unless there is hard work backed by lofty ambition. To drink ambrosia, the nectar, collective
churning is necessary . We hope that the scientists of the IASST will put their heads and minds together for
collective achievement. This of course demands interaction between the scientists as nobody can work in
isolation in the modern scientific works. A healthy competition, collective spirit to work may bring about
unimaginable glory to the scientists of the IASST also.

I am very glad to observe that almost all the scientists are getting sponsored projects now to carry out
their research works. A few projects are also in the pipeline to get research assistance. Such self help gives
the scientists sufficient freedom to convert their own idea into reality to attain their definite goal . Tied to
the ground even a balloon cannot fly. I hope that all the scientists of the IASST will get research grants to
carry out their mission without strings.

For a well recognized institute generation of fund is not difficult. But a nascent institute like the IASST
needs the constant blessings from the Government so that its growth becomes spontaneous. We hope
that liberal aids will come from the Government so that the IASST can become a National Institute of repute.
The Annual Government grant is of about Rupees Forty lakh only. The Government of Assam gave twenty
acres of land at Paschim Boragaon, Guwahati- 781 033, where the Academic Building of the IASST is coming
up. The DST, Gol sanctioned an one time grant of Rs. 9.55 crore for the Academic Building and Laboratories
of the IASST. Various orginazations like the DST, DBT, MIT, OIL, MOEF, ICAR and DAE are supporting various
projects. We are really grateful to them for the financial support.

The administrative staff, financial staff, the library staff and the engineering staff of the IASST are working
with zeal. I hope that they will work harder for their own institute.

I am really grateful to the Chairman and the council members for their timely advice. We hope under
their leadership the IASST will become a National Institute soon.

Prof. N.N. Dass
Director, IASST.

Institute of Advanced Study in Science and Technology, Guwahati
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i, DIVISIONS OF TASST

2.1 MATERIAL SCIENCES DIVISION

Jaculty
Name: Field of interest
Dr. J. Chutia, Plasma Physics
Professor & Head
Or. H. Bailung, Plasma Physics (Experimental)
Associate Professor
Dr. N. S. Sarma Polymer Science
Assistant Professor_
Dr. N. N. Dass, Polymer Science
Director

‘viaterial Sciences Division :

Presently it has two units;
i. Plasma Physics
1i. Polymer Science.

.. Plasma physics unit

The Plasma unit is carrying out research works both in theoretical and experimental fields. In the
theoretical field, they are exploring the effect of trapped charges in sheath formation in isothermal plasmaand
evitation of dust grains into sheath formed in magnetic plasma. In the experimental section, the following
works are being carried out :
1) Effect of multi-dipole cusp magnetic confinement on plasma characteristics in a
cylindrical RF discharge system.
2) Plasma density enhancement by thermo-ionic emission in a dc post magnetron-sputtering
system.
3) Influence of low energy ion beam on sheath characteristics in plasma.
4) Investigation of sheath properties in Ar/SF s dc discharge plasma.

:i. Polymer Science unit

In the polymer division, research works on development of ionics, polymer foams and flow improver are
going on.

‘onic properties of poly 2-vinyl pyridine (P-2VP) and its halides are investi gated. The effect of additives
:ike KBr on P-2 VP, polyvinyl alcohol (PVA) is also investigated.

Sfforts are on to prepare polyacrylates from polyvinyl alcohol. The crux of the problem is to synthesise

—

Institute of Advanced Study in Science and Technology, Guwahati
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the acrylates, which are soluble in petroleum crude .

Work is going on to develop new materials to be used as polymer foam. Polymeric foams are increasingly
incorporated as components in laser targets for investigation in various experiments. Low-density foams
around 30 mg cm™ are the most convenient polymers to investigate the behaviour of different materials in
plasma state. Instead of in-situ polymerisation we are trying to develop polymer dust.

The topics of the division are :

e Waves and Instabilities in Plasmas

e Sheath Phenomenain Plasmas

e Basic Plasma Processing

e Conductivity of Polymeric materials in solid state

e Development of Flow improvers to replace the imported one.

e Development of Polymeric foams.

Effect of trapped charges in sheath formation in isothermal plasma:

The motivation of the work is to study the salient features of sheath formation in plasma with the effect of
trapped electrons. The trapping process of electrons causes the generation of multi-temperature electrons in
plasma medium, which modifies the plasma sheath formation. The study has been augmented through the
derivation of a nonlinear wave equation known as Sagdeev Potential equation with the consideration of
multi-temperature electrons. The numerical observations show that the presence ofhigh temperature electrons
enhances the plasma sheath. Further the levitation of dust dynamics along with its characteristic behaviours
within the sheath have been studied, which in turn finds the formation of dust cloud atmosphere in plasma
sheath. The observations might have interest in laboratory and space plasmas.

Levitation of dust grains into sheath formed in magnetized plasma :

The nonlinear plasma-acoustic wave, based on the quasipotential analysis to the basic governing equations,
has been augmented through the Sagdeev potential equation for finding the sheath formation in magnetized
plasma. Afterwards, the interaction as well as the characteristic features of a levitated dust grain into sheath
has been studied. Investigations have been furthered to calculate the sizes of different dust grains along with
their potential variation which enables further to conclude, from the estimation of net force about the formation
of dust atmosphere in space. Again, the different features on dust dynamics that too in relation to the similar
observations in laboratory plasmas have been estimated as well.

Effect of multi-dipole cusp magnetic confinement on plasma characteristics in a cylindrical RF
discharge system :

An experimental study on the plasma behaviours is carried out to see the effect of multi-dipole cusp magnetic
field for surface confinement of plasma in a capacitively coupled cylindrical RF discharge plasma device. All
the observations are done in Argon plasma produced at a fixed partial pressure 6.5x10* mb. The plasma
density measured by an RF compensating Langmuir probe increases about 2.5 times with the cusp magnetic

74
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confinement than without it, at the same power. The plasma electron temperature and plasma potential are
found to decrease when the cusp magnetic confinement is present. The radial profiles of the plasma parameters

are also investigated. The discharge volta

ge-current characteristics are measured with and without the cusp

magnetic confinement. The schematic diagram of the experimental setup is shown in Fig. 1.

s, Sa,
Digitizing
scilloscopd pPenning gavge

Fig.1. Experimental Setup

RF POWER
SUPPLY
13.56 MHz

M

imnigauge

Lp Hc, 13.66 MHz 27.12 MHz

X-Y
Recorder

Schematic diagram of the experimental setup with the RF compensating Langmuir Probe
(shown in the rectangular box): E-powered electrode, MM- cusp magnetic cage, L -RF
compensated Langmuir probe, W- power meter, H_- 100X probe, R- Rogowski c011 Ce-

compensating electrode,

Plasma density enhancement by thermoionic emission in a dc post magnetron sputtering system :

An extra arrangement of filaments is being made [Fig.2(b)] in a conventional dc post magnetron sputtering
system(Fig.2(a)] so that thermo-ionically emitted electrons from the tungsten filaments can actively participate

in the ionization process. Filaments are
placed well inside the cathode sheath so
that after being emitted from the filaments,
the thermo-ionic electrons get accelerated
in the cathode sheath electric field and
hence can increase the ionization rate. The
present experiment is performed in argon
plasma keeping the applied voltage, applied
magnetic field and gas pressure fixed. It is
found that with the increase of filament
heating power the plasma density and
discharge current increases significantly
when the filament is kept at more negative
potential than the floating potential. The
increment of density and discharge current

[iranitanae;— T '-—]i—g = m
@;2*‘@! =

{\"r 100cm 0- 1000V |+
0-1A

T _

| Pump —

e

Diffusion Pump

Fig.2(a). Schematic diagram of the experimental set up: B - Magnetic field,
E - Electric field, S.S. Cathode - Stainless steel target cathode, AA’ - Ring
anodes, ER - End reflectors, V1,V2 & V3 - Vacuum valve, Lp - Langmuir

becomes more effective when the filament is biased at higher negative potentials.
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Influence of low energy ion beam on sheath characteristics in Plasma

Characteristics of steady state ion
sheath formed in front of a negatively
biased metal plate under the influence ~Ceramic insulator
of an ion beam have been investigated Co st i ol
in collisionless Argon plasma. The | gngreftecior ¢ ? A midehbeimai
plasma is produced by hot-cathode S.8. Cathode

discharge in a double plasma device.
An emissive probe is used for | Filament Biasing ==
continuous measurement of the axial otk
plasma potential profile in front of the
plate. A usual ion sheath is compressed Fig.2 (b). Schematic diagram of the filament arrangement surrounding
up to certain limit by an ion beam the cathode.

directed toward the plate with certain

energy. The numerical solution of the Poisson’s equation, which includes the contribution of energetic ion
beam, is compared with the experimental findings.

Investigation of sheath properties in Ar/SF, de discharge Plasma

Properties of plasma sheath boundary in multi-component plasma with negative ions have been investigated
experimentally. The modified Bohm sheath criterion derived for thermal electron-thermal negative ion-cold
positive ion model predicts the decrease of positive ion drift speed toward the sheath when the negative ion
concentration is gradually increased. This modified Bohm criterion has been discussed in this experimental
investigation. The experimental parameters (e.g. discharge voltage, discharge current) set for argon plasma
production are kept floating during the addition of SF, gas. Two important effects caused by the presence of
negative ions e.g. decrease in Bohm speed of positive ions toward the sheath and reduction in plasma density
have been observed. The reduction in the ion flux toward the sheath therefore causes the expansion of the
sheath. The numerical solution of the Poisson’s equation, which includes the contribution of negative ions, is
compared with the experimental findings.

Installation of RF Plasma for Deposition on Bell metal :

An experimental study on the plasma behaviours is carried out to see the effect of multidipole cusp magnetic
field for surface confinement of plasmain a capacitively coupled cylindrical RF discharge plasma device. All
observations are done in Argon plasma produced at a fixed partial pressure 6.5x10* mb. The plasma density
measured by an RF compensating Langmuir probe increases about 2.5 times with the cusp magnetic
confinement than without it, at the same power. The plasma electron temperature and plasma potential are
found to decrease when the cusp magnetic confinement is present . The radial profiles of the plasma parameters
are also investigated. The discharge voltage-current characteristics are measured with and without and
without the cusp magnetic confinement. The deposition rate is increased in RF device with the help of

additional cusp magnetic ficld. These conditions will be utilised in deposition of metal oxide film on bell metal.
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