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NUCLEAR SCIENCE CENTRE

(An Inter University Facility for Accelerator Based Research)

The University Grants Commission (UGC) of India took a
decision in 1985 to establish an Inter University Facility for
accelerator based research. The objective was to set up a world
class facility for internationally competitive research in various
fields requiring accelerated ions. The Centre, established from
scratch, became operational in July 1991 with user community
from many universities participating in the establishment of the
facilities in the beam hall for research in nuclear structure &
reaction dynamics, materials science, atomic physics,
radiobiology and radiation chemistry. These facilities are widely
used and 60% of the beam time is normally taken up by
experiments in the field of basic nuclear physics. However, only
25% of the users are involved in these studies. More than 60%
users are involved in projects connected with materials
modification or characterization (depth profiling of light
elements) in a wide class of materials.

The centre is funded by the Federal Government through
the University Grants Commission. Its annual budget is of the
order of US § 3 million. In addition it has attracted project
funding from other agencies like the Department of Science &
Technology of India.

The Centre has a core staff of 135 out of which 102 are
Scientists and Technologists and the rest are administrative staff.
The user family comprises faculty members and students from 50
universities, 27 colleges and 28 other institutions.

High Energy Accelerators for Materials Studies

Materials Science in general and devices in particular have
always prospered immensely from accelerators. Low energy
(keVilion accelerators have become part of industries and medium
energy (MeV) accelerators are now becoming available for
commercial exploitation. Advances in technologies have now
made it possible to create high energy ions of almost any
element and beam current from these accelerators is increasing. A
new area of intense activity is now emerging which is called
"Swift Heavy Ions (SHI) in Materials Engineering and
Characterization" (SHIMEC).

Presently SHIMEC based research is giving rise to many
findings which give indication of immediate application
possibilities or ones which are surely going to be exploited in
not too distant future, either by using SHIs or by finding
alternate ways to achieve similar results. Another fief,d closely
related to SHIs is cluster beam based materials modification
which is also being developed.

FACILITIES
Accelerator

The core accelerator facility of the Centre is a 15 UD
Pelletron, which is a 15 MV tandem Van de Graaff machine. It is
presently providing ion beams of almost all the elements across
the periodic table in the energy range of ~ 20 MeV to 250 MeV.
There are on going development projects to augment the energy
and current of these ion beams.

Experimental Facilities
(i) Nuclear Physics

Sophisticated world class experimental facilities like
Heavy Ion Reaction Analyzer (HIRA) and Gamma Detector Array
(GDA) are available for nuclear reaction and structure studies.
HIRA is alarge solid angle on-line mass separator. The GDA has
12 HPGe detectors with anticompton shields and 14 BGO
multiplicity detectors. The HIRA-GDA have been coupled for
tagged gamma spectroscopy measurements. A large High Energy
Gamma Ray Nal spectrometer (HIGRASP) has been fabricated to
study nuclear shape evolution at high temperature and spin.

(ii) Materials Science

beam line is dedicated for materials science research
(Fig. 1). It has a general purpose high vacuum experimental
chamberwith facilities for temperature controlled liquid nitrogen

G. K. Mehta, Director of Nuclear Science Centre

cooled multiple sample holder having provision for linear
movement of 120 mm and rotation of 360°. There are two

-

Fig. 1 Experimental Facilities in Materials Science Beam Line

independent rotable (0° to 360°) detector mounts. It is equipped
with electrical and optical feed throughs for on-line or in-situ
four probe measurements, ionoluminiscence, thickness
monitoring etc. This chamber is followed by two UHV chambers.
In the first chamber there is a provision for on-line mass
analysis using RGA, and a UHV STM (Fig. 2) is being installed
in it. The second UHV chamber is being commissioned for
channeling studies using UHV Goniometer and Auger Electron
Spectroscopy for surface science studies using Cylindrical Mirror
Analyzer (CMA).

Fig. 2 UMV STM mounted on a flange

(iii) Other disciplines

A general purpose scattering chamber of 1.5 m diameter
with all facilities needed for studies of charged particles is
available. A small scattering chamber is used mainly for atomic
physics experiments. A special spectrometer SgORPION is
fabricated for ion-atom collision studies and a beam line is
dedicated for radiobiology studies where ion beams are brought
out in air.

Research support facilities available are: ion source
development, target fabrication, detector development,
cryogenics, high vacuum and on-line as well as off- line
computer for data acquisition and data analysis.

FUTURE DEVELOPMENT PLANS

To boost the energy of the heavy ions produced by the
Pelletron, a Superconducting Linear Accelerator (LINAC) will be
commissioned to which the accelerated ions from the Pelletron
will be injected. Necessary Cryogenics, RF Instrumentation have
already been fabricated and tested. Fabrication of
Superconducting Resonators is under way in collaboration with




Argonne National Lab in the U.S. There are plans to augment
current capability of the accelerator through ECR based injector
and to upgrade on-line experimental facilities.

MATERIALS SCIENCE WITH SWIFT HEAVY IONS

Swift heavy ions (energy < 1 MeV/nucleon) moving inside
the material predominantly interact through inelastic scattering
producing trail of excited/ionized atoms. This is in contrast to
familiar elastic scattering of low energy ions causing direct
damage (defects) in the lattice. Swift heavy ions (SHI) can also
affect the lattice as evident from the well known phenomena of
tracks produced in insulators. If the electronic energy loss Se,
exceeds a certain threshold, structural changes can occur in any
systems.

Electronic energy in the materials can be varied from a
level of eV/A upto avery high value, say 10keV/A by choosing
appropriate ions and their energies. This provides remarkable
flexibility and opportunities to engineer properties of the
materials so that they can acquire desired optical, electrical and
mechanical properties.

There is a large community of users from various
universities involved in projects of varying nature. Some typical
works are outlined here.

Engineering of Electronic Materials and Devices

Several investigators are studying ion beams induced
defects in amorphous/crystalline semiconductors. The change of
structural and electrical properties of high energy Si implanted
GaAs and enhancement of high voltage break down with MeV B
implants and ion beam treatment of Metal Si Junction have been
investigated.

The variation of lifetime of the minority carriers, in
crystalline silicon along depth was studied after irradiation with
60 MeV and 80 MeV Si ions. The value of t on unirradiated
surface was 15 ps, which changed to 10 ps and 8 ps when
irradiated with 60 MeV and 80 MeV Si ions respectively with
fluence of about 103 ions/cm2. The rate of variation of T with ion
fluence reduces drastically after a fluence of ~ 103 ions/cm?,
indicating that tailoring of value of T requires a small fluence of
the swift heavy ions. Steep increase in the T value is observed
when the total thickness of the etched out layers varied from 18
to 24 pm for 60 MeV ion irradiated side and from 23 to 28 pm for
80 MeV ion irradiated side of the sample. These depths
correspond to the range of the ions. The value of T remains
unchanged in the unirradiated side, at each stage of etching,
indicates that etching does not produce defects in samples. This
was corroborated by X-ray diffraction spectra of irradiated and
unirradiated sides before and after each stage of etching

High Tc Superconducting materials

Silver )Eeams having energy of 200 MeV was used for
irradiation of single crystals Bi,Sr,Ca Cu, O,,, (BSCCO) cleaved
into dimension of about 1.5 x 1 x 0.02 mm at room temperature
(~ 295 K) for formation of the required number of columnar
defects. Irradiation was done at an angle of @, of 5° (to avoid
channeling). The resulting matching field ranged from 1to0 25 I'.
The same crystal was investigated prior to irradiation and after
irradiation. The magnetization measurements of both as grown
and irradiated crystals were carried out using Superconducting
Quantum Interference Device (SQUID) magnetometer. The
aligned columns of amorphized tracks of dimension of about 50
A in diameter distributed randomly in the plane normal to the
direction of the beam are formed. The defects of continuous
cylinders provide core pinning sites for the flux lines along the
length of defects. The enhanced pinning of vortices at the
columnar defects causes shift of irreversible line (IL) to higher
temperature.

The number, the diameter and the pattern of the columnar
defects can be precisely controlled during irradiation providing
very effective method for the improvement of the properties of
these superconductors.

Modification _of Surfaces and interfaces

Notable observation in the area is the significant
improvement in hardness and adhesion of Cr when this film of Cr
evaporated on SS-304 was irradiated with 75 MeV 58Ni and 100
MeV 1271. Analysis indicates that the modification is due to
atomic displacement. Studies of B-implanted SS-304 and pure SS-
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304 indicate that the improvement in hardness is due to
electronic excitation.

The electronic energy deposition beyond certain threshold
can cause movement of atoms, which can lead to mixing at the
interface. At this centre, the mixing of TV/Si and Fe/Si system
has been observed by 200 MeV Ag ions. The electronic energy
deposition in these cases is above 1 keV/A. The amount of
mixing in Fe/Si system increased at higher value of electronic
stopping power (S,) which was obtained by 243 MeV Aujons. In
the irradiation of a diamond like carbon (DLC) film deposited on
Si substrate using 50 MeV ions, formation of SiC at the interface
has been observed. These provide evidence of the ion beam
mixing mediated by swift heavy jons passing through the
materials without any direct displacement of atoms through
elastic collisions.

Diamond Like Carbon Films

Amorphous hydrogenated carbon film contains both sp? &
sp? species in varying amounts. Irradiation effects on these films
with simultaneous measurement of hydrogen profile using
nuclear technique ERDA are studied. Ion irradiation causes Hloss
which depends on sp? & sp? bonds and thus causes change in
electrical as well as optical properties of the films. This fact can
be used to tailor these properties.

Swift Heavy Ions (SHI) in Polymers

Electronic energy loss induces processes in polymers
which, depending on the dose, modifies optical, electrical,
mechanical properties. Generation of micro-pores provides
possibilities in micro-electronics. Attempts are being made to
fill the pores of polymers to form diode array.

An on-line elastic recoil measurement to determine H
along with the study of emission of gases by RGA provides basic
understanding of the interaction of SHI with polymer. This study
lead to a method to estimate the track diameters.

Dynamic Studies during irradiation

There have been measurements for defect dynamics studies
using on-line resistivity measurements during irradiation at
different temperatures. On-line iono- luminiscence and in-situ
measurement of photo-luminescence in materials after ion-
irradiation provide interesting possibilities in materials,
particularly in bio-materials.

Optical Waveguide formation in organic crystals

It is possible to make wave guide structures by irradiation
of 100 MeV Agion on organic crystals. Significant changes in
refractive index (from 1.521 to 1.564) in the irradiated region
have been observed. The dielectric constant of the irradiated
region has also been found to increase. On-line hydrogen
measurement by ERDA technique indicates that these changes are
correlated with the loss of Hin the irradiated region.

Noise Measurements

Off-line and in situ conduction noise measurements have
been performed in Semiconductors, High Tt superconductors and
CMR materials to study the role of SHI irradiation induced defects
in these materials. This is useful to investigate the radiation
induced defects in lattice, phase transition and defect
distribution.

Forthcoming Event

The Centre is organizing an International Conference on
"Swift Heavy Jlons in Materials Engineering and
Characterization" (SHIMEC - 98) during October 19-22, 1998 at
New Delhi. The Conference will focus on use of Swift Heavy lons
in the Modification of Materials Properties and lon Beam
Analysis Techniques.

G. K. Mehta

Director, Nuclear Science Centre

Aruna Asaf Ali Marg, New Delhi, 110067 INDIA
E-Mail: gkm@nsc.ernet.in

SHIMEC - 98/ DWW TDF L WERNIT TR E ZTE 7280,
http://www.nsc.ernet.in/conf/shimec/
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To the Overseas Members of MRS-J

B Woodceramics Research Society s:+seessessssssens seerenennn D
Prof. Dr. Masami Fushitani, Tokyo University of Agriculture
and Technology

Woodceramics is a new porous carbon material which is
made by sintering woody material impregnate with phenolic
resin and is reinforced with hard glassy carbon formed from
phenolic resin. It has low density and superior properties in
electric conduction, electromagnetic shielding, friction, heat
resistance corrosion resistance and adsorption. It is expected
to be used for various purposes. Woodceramics Research
Society was established in MRS-J this year in order
to investigate plant materials as ecomaterials from an
We hope its activity will greatly
promote both basic and applied researches in woodceramics

extensive viewpoint.

whose main raw material is sustainable plant resource.
B Nuclear Science Centre

An Inter-University Facility

for Accelerator Based Research
Prof. Dr. G.K. Mehta, Nuclear Science Centre
B Symposium of the Biomimetic Materials Science and

Technology tesserecestecrttinmuticeiiuieeiiiitinnieniatnerieirssenenens p.4
Dr. Hivoyuki Sugimura, Graduate School of Engineering,
Nagoya University

Symposium of the Biomimetic Materials Science and
Technology organized by Prof. Takai of Nagoya University,
cosponsored by Aichi Science and Technology Foundation
and CIRSE, Nagoya University, was held July 14, 1998 at
the Aichi Industrial Trading Center. Topics which were
discussed included : Biomimetic processing (NIRIN) Dr. S.
Tanemura ; Silica formation in biosphere and sol-gel
processing (Mie Univ.) Prof. Kanichi Kamiya; Development
and application of Nylon 6-clay hybrids (Toyota R&D Co.)
Arimitu Usaki; Basic study of bioactive calcium phosohate
cement and application (Aichi Kenkonomori) Dr. Shigeo

Niwa ; Biomineralization and biomaterials (Asahi Univ.)
Prof. Dr. Yutaka Doi; Development of biodegradable plastics
(Mitsui Chemicals Co.) Naoki Kobayashi ; Formation of
inorganic-organic compounds through the biomineralization
process (NIRIN) Dr. Yoshiyuki Yokokawa
synthesis and size control of inorganic materials (Nagoya
Univ.) Prof. Dr. Kunihito Koumoto.

B The Ceramics Society of Japan Honors Prof. Yamada

Biomimetic

Professor Yamada, Teikyo University of Science and
Technology, has received the outstanding technology award
from the Ceramics Society of Japan for his work on
developing “Glassy Carbon”. This renowned and widely used
material has excellent features such as gas-impermeability
and mold-processing capability. He has further developed
Glassy-carbon fiber, which has generated another flourishing
industry.

. short Course on “Woodceramics” .............................. p7
Atsushi OOTA, Aomori Technopolis Development Foundation

Short course entitled Woodceramic Symposium was held
May 19, 1998, at the Industrial Research Institute, Aomori.
Lectures on “Properties and Applications of Woodceramics”
by Masami Fushitani (Tokyo Univ. Agri.  Technol),
“Machining property” by Keisuke Hata (Chiba Vocational
Junior College), “Electrical property” by Kiyokazu Kasai
(Aomori Vocational Junior College) were presented and
extensively discussed.

B 10th MRS-J Annual Symposium

The 10th MRS-J Annual Symposium will be held Dec.
10-11, 1998 at Kanagawa Science Park, Kawasaki-shi. Eight
sessions will be scheduled. For more information, contact
MRS-]J, fax 044(819)2009, Web Site: http: www. ksp. or. jp/
mrs-j
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