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Abstract solidifies. Beyond certain threshold of electronic energy
deposition, such ion track formation has also been
Swift Heavy lons (SHI) of various species in the energgbserved in metals [3-5]. Swift heavy ions at NSC
range of 50 MeV to 250 Mev provided by the 15 milliorPelletron [6] are being used [7] to probe into exotic
volt Pelletron at NSC are being used for materialsffects of large electronic excitation in different types of
modification and characterization. Irradiation  ofmaterials e.g. metals, semiconductors, superconductors,
materials at these high energies gives rise to highislymers, organic crystals etc. The salient features have
excited states of lattice atoms with negligible contributioBeen defect production and annealing of defects in
from elastic collisions. Atomic displacements andemjconductors, flux pinning in high Tc superconductors,
structural modifications of such a lattice due tQesorption of H in polymers, ion beam mixing in the
deexcitation process are studied. SHI induced defectsifyia)/s; interface and optical waveguide formation. The
semiconductors  and  modification  of  electricalyitt heavy ions are also used for on-line monitoring of

pharacterlstlcs are investigated. ~ SiC forma.tlon at th ht elements by elastic recoil detection (ERD) [8]. The
interface has been observed due to electronic excitati sent paper gives a brief account of these studies

induced ion beam mixing. SHI irradiation of organi
crystals show significant changes in dielectric constant 2 ELECTRONIC EXCITATION INDUCED
providing a possibility of making buried optical wave MIXING AT INTERFACE

guide structures. lon track diameters have been estimated

from the monitoring of hydrogen release, using Elasti € ion beam miXi.f?g. s Wid_ely used for generating new

Recoil Detection, during ion irradiation of polymers. phases specially silicides with the help of low energy ion
beams. The ion energy and species are chosen in such a

way that they impart a large amount of energy to the

1 INTRODUCTION atoms at the interface of thin film and the substrate by the

Energetic ion beams have been exploited by researchgi§eass of elastic collisions. It has been observed in recent
in different ways in the field of materials science. It

i ! ears that the electronic energy deposition beyond a
effect on the materials depends on the ion energy, fluerg&ain threshold can cause the movements of atoms,

and ion species. More specifically, the interaction of io{?\/hich can lead to the mixing at the interface
with materials is the deciding factor in the ion beam '

induced materials modification. The ions lose energy dde mixing in Ti/Si [9] and Fe/Si [10] system has been
they traverse through the material which is either spedbserved by 200 MeV Ag ions. The electronic energy
in displacing atoms (of the sample) by elastic collisions éteposition in these cases is above 1 keV/A. The amount
in exciting or ionizing the atoms by inelastic collisionof mixing is found [10] to increase in Fe/Si at higher
The former is the dominant process at low energig@lue of Se obtained by 243 MeV Au ions. In the
whereas the inelastic collisions dominate at higliradiation of a diamond like carbon (DLC) film
energies where the displacement of atoms due to elastRposited on Si substrate using 50 MeV Si ions, the
collisions are insignificant. However, even at higformation of SiC [11] at the interface has been observed.
energies the displacement of lattice atoms has be&hese provide evidences of the ion beam mixing
known to occur in insulating materials in a cylindricamediated by the swift heavy ions passing through the
core along the ion path. During the passage of the ionimaterial without —any direct displacement of atoms
long cylinder containing charged ions is produced whicthrough elastic collisions.
explodes radially due to the conversion of electrostatic
e fo cneret ada aome maienents Wt 061G oF WNORITY CASRIERS
. T LIFETIME BY SWIFT HEAVY IONS
electrons. Due to the resulting cylindrical shock wave
columnar defects are formed. This is known as Coulomidie variation of the lifetime of the minority carriers,in
explosion [1]. The other competing process which carystalline silicon along depth was studied after
lead to the formation of the columns is thermal spike [2}fradiation with 60 MeV and 80 MeV silicon ions [12].
According to this model during the passage of SHI théhe values oft on unirradiated surface wasps) which
kinetic energy of the ejected electrons is transmitted to tkkbanged to 105 and @s for 60 MeV and 80 MeV Si ion
lattice by electron-phonon interaction in a way efficientradiation with fluence of about ¥0ions/cri. The rate
enough to increase the local lattice temperature above tifevariation of 1T with ion fluence reduces drastically
melting point of the material. The temperature increase adter a fluence of about flons/cnf indicating that the
then followed by a rapid quenching (£Q0" K/s) that tailoring of value oft requires a small fluence of SHI.
results in an amorphous columnar structure when the mehe variation oft with thickness of etched out silicon



irradiated to a fluence of ¥dions/cnt using 60MeV and ~ so ——

80MeV silicon shows that the rate of increaser dé slow ‘\‘ \ [[= ot radiated

with the increase in the total thickness of the etched o 4|} N

silicon on the irradiated side for both the energies. A stei 1Y )

increase in the value af is observed when the total Y “\ 10™ ions fem2

thickness of the etched out layers varied from 18 fore4 ¢ **|" A

for 60 MeV ion irradiated side and from 23 toud8 for c r N

80 MeV ion irradiated side of the sample. These deptl = zo} AN \\‘e

correspond to the range of the ions. The value of the L AN ~

unirradiated side remained unchanged at each stage ol ‘\.\

etching indicating that etching does not introduce defec . R

in the sample. This was also verified by recording x-ra - "‘\n. Tra

diffraction spectra of the irradiated and unirradiated sid¢ ¢ S i wkie. SEt ST
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before and after each stage of etching. TIK) —a

Figure: 1 Variation of magnetic field with the tempe-
4  FLUXPINNING IN HTS MATERIALS rature in irradiated and as prepared BSCCO sample.

Based on the calculations of transport of ions into solids

[13] TRIM-95 it is seen that the (dE/dxpf Ag-beam in 5 OPTICAL WAVEGUIDE FORMATION IN

YBCO due to the inelastic ionizing collisions which ORGANIC CRYSTALS

produces the columnar defects peaks ( ~ 2keV/A) aAh optical waveguide is a layer of material whose
about 200 MeV. The (dE/dx)due to elastic collision of refractive index is significantly  higher than its
the Ag ion which gives rise to the point defects isurrounding so that the light rays remain confined in this
negligible at this energy. The irradiation of Highregion during its transmission through it. The possibility
Temperature Superconducting (HTS) materials by th@f the formation of such waveguides in some organic
swift heavy ion causes mainly electronic excitation angrystals have been shown by the irradiation of the organic
ionization of the atoms of the materials through inelastigrystals by 100 MeV Ag ion irradiation. Significant
collisions up to a depth of several micro metersghanges in the refractive index (from 1.521 to 1.564) in

Enhancement of critical current density takes place withe irradiated region have been observed [15]. The
these columnar defects dielectric constant of the irradiated region also increases

] ) by about an order of magnitude. The on-line H
Silver beam having energy of 200 MeV was used fqheasurement by ERD technique indicated that these
irradiation of single crystals of E8r,CaCuyOs.y canges are corelated with the loss of H in the irradiated
(BSCCO) cleaved into dimension of ~1.5x1x0.02 at rooffegion.

temperature (~ 295K) for formation of the required
number of columnar defects. Irradiation was done at an g |ON TRACK RADIUS BY ON-LINE ERD
angle6, of 5°to avoid channeling. The resulting matching MEASUREMENT

field ranged from 1 to 25 T. Investigation on the sam@pere is growing interest in nanopores and micropores in
crystal was conducted before and after irradiation. T lymers generated by swift heavy ions due to vast
magnetization measurements of both as-grown awdier, of applications. These pores are made by
irradiated crystals were carried out using a SQUIRqnqlled chemical etching of ion irradiated thin polymer

magnetometer (Quantum Design MPMS 5) at Centre gl The energetic ion creates damage along its path due
Advan;:fe Technoklogy,f Indore. The afllgned columﬁr\]s Qb its large electronic energy deposition. The track

amorphized tracks of dimensions of about 50 Biameter is a quantity of interest for the understanding of
diameter distributed randomly in the plane normal to thg,ic jon insulator interaction. There have been a few
direction of the beam are formed. The defects ofyomnts to measure the track diameters by scanning
continuous cylinders provide core pinning sites for th rce microscopy and other state of the art surface

flux lines along the length of the defects. Figure 1 Sho"Yﬁorphology probing equipment. We have demonstrated a

the magnetically determined irreversibility lines (IL) ofg)vel approach to determine the track diameters in

as grown and irradiated single crystals of BSCCO [14, olymers by on-line measurement of H loss [16] during

_The .IL.ShOWS a strong shift to hlgher temperature af&Ln irradiation by on-line elastic recoil detection analysis.
irradiation. The enhanced pinning of vortices at the

columnar defects causes the shift of IL to higherydrogen is liberated due to electronic excitation of
temperature. The linear amorphous channels act as vegpstituent atoms causing the breaking of hydrogen
effective pinning centers. bonds. Free H atoms combine with each other to form
hydrogen molecule. Being lightest gaseous molecule
having high diffusivity, these molecules escape from the
polymer causing reduction in H content due to ion
irradiation. Thus incident ion along its path releases H.



Each ion is effective in much larger area releasing H
from a cylindrical zone of damaged polymer referred gg;
ion track. The variation of H content with ion dose is

shown in Figure 2. The concentration of H [16] is plotted
as a function of ion fluence (of 110 MeV Ni ions) in twodl2]
polymers Polystrene and Poly vinyl di flouride(PVDF).

The track radius can be estimated by the foIIowinE’]
relation.

[4]

H(®) = Hinexp (-p- @) 5]
where H, represents initial content of H in the sample,

the cross section of release of H gnthe ion fluence. (6]
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7 CONCLUSION

The swift heavy ions have vast potential in the field of
modification of materials by extremely large energy
transferred through the electronic excitation but
negligible damage due to elastic collisions. The metal/Si
interface can be transformed into silicide in the case of
some specific metas by swift heavy ions. Generation of
controlled modification in Si and columnar defects in
high Tc materials for incorporation of effective pinning
centers by high energy heavy ions is providing
possibilities for applications in devices. The damage
generated by ion beams in organic crystals can be
exploited for the formation of optical waveguides. The
on-line ERD measurements of H release provides a nice
way to measure the ion track radius. It is clear that the
swift heavy ions in materials have several interesting and
unigue aspects with the possibilities of applications.
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