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Abstract
Heavy Ion Elastic Recoil Detection Analysis (HIERDA) is becoming widely used to study a
range of problems in materials science, however there is no standard methodology for the
analysis of HIERDA spectra. Major impediments are the effects of multiple and plural
scattering which are very significant, even for quite thin (~100nm) layers of very heavy
elements. To examine the effects of multiple scattering a fast FORTRAN version of TRIM
has been adapted to simulate the spectrum of backscattered and recoiled ions reaching the
detector. Two problems have been initially investigated. In the first, the detector is positioned
beyond the critical angle for single scattering from a pure V target where traditional slab
analysis would not predict any scattered yield. In the second, a thin Au layer on a Si substrate
is modelled for two different thicknesses of the substrate to investigate the effect of the
substrate chosen. The use of multiple processors enabled the acquisition of statistically
reasonable simulation spectra for scattered and recoiled ions. For each target modelled, 109

incident ions were tracked. The results of the simulations are compared with experimental
measurements performed using ToF-E HIERDA at Lucas Heights and show good agreement
except in the long tails due to Plural Scattering.

Introduction
Heavy Ion Elastic Recoil Detection Analysis (HIERDA) is an increasingly popular analytical
technique for materials analysis. It is limited in part by a lack of a standard data analysis
method. Slab models of various levels of sophistication have been used widely to yield
quantitative results from HIERDA, but because of the high probability of multiple
interactions of a given incident ion, these fail to simulate all the features of measured spectra.

In a previous paper we described our first attempts to use Monte-Carlo ion transport using the
'TRIM' code to simulate the spectrum from HIERDA [1]. In that work we showed that Monte-
Carlo simulation reproduces important features of HIERDA spectra including (i) the low
energy sides of features broadened by small angle multiple scattering, (ii) the long tails due to
large angle plural scattering and (iii) particles of higher energy than single scattering due to
multiple scattering where the product of kinematic factors is greater than the kinematic factor
for single scattering.

In this paper we apply a similar method to two problems. The first is the simulation of recoil
and scattered spectra for a case where scattering is beyond the critical angle for scattering. In
this case the scattered ions only arise from multiple scattering and so traditional 'slab' analysis
would not predict any scattered yield. The second problem is an investigation of the
phenomenon recently identified by Li and O'Connor [2] where they have seen that modelling
of the substrate has a pronounced effect on the magnitude of tailing in medium energy ion

scattering.
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Experiment
The experimental data presented in this paper were obtained using 60MeV 81Br8+ and 60MeV
127I9+ ions from the ANTARES 8 MV FN Tandem accelerator at the Lucas Heights
laboratories of the Australian Nuclear Science and Technology Organisation. The HERD A
measurements were made using a ToF-E detector telescope with a flight path of 495mm and
with carbon foils of 25.3|i,g/cm as described elsewhere [1]. The targets were a pure V sample
and a well characterised layer of Au, 60nm thick, on Si substrates. The samples were
irradiated at 67.5° to the surface normal.

Time spectra were used as these have better resolution for heavy elements than the energy
spectra exhibit [3] as well as being subject to a far simpler and more direct calibration
process. Time calibration is established using samples which span a wide range of atomic
masses as described by El Bouanani et al [4].

The signals from backscattered and recoiled ions were extracted from the raw data using the
PAW analysis code [5] complemented with a suite of macros called TASS [6]. Time spectra
were extracted after the individual elemental signals were identified and separated using Mass
versus Energy projections.

Monte-Carlo Simulation
Monte-Carlo simulations were performed using a fast FORTRAN version of TRIM [7]
compiled with Lahey FORTRAN 90 on Pentium and similar computers with processor speeds
from 120 to 350 MHz. More details of the simulations and the virtual detector are given in
[1]. Briefly, the virtual detector is made much larger than the real detector by accepting ions
where (i) the scattering angle was between 44° and 46° and (ii) the azimuthal angle was
restricted so that the excess path length in the exiting ion's path is less than 10%.

In the first problem, the scattered and recoiled spectra generated by 60MeV Br ions incident
at 67.5° to the surface normal of a pure V sample are modelled. This aims to compare the
simulated spectrum of scattered ions beyond the single scattering limit with experimental
measurements. 109 incident 81Br ions were simulated assuming a minimum ion target nuclear
transfer energy (Tmjn) of 5eV. As numerous computers were used, it is instructive to give a
benchmark result for one computer. Simulation of 10 ion paths took 4600 s on a Pentium II
350MHz computer.

In the second problem 60MeV 127I ions are incident on a sample of Au 75nm thick on a Si
substrate. The Au layer is made 75nm thick to give equivalent energy loss to that observed
experimentally in measurements on the 60nm Au layer mentioned previously. This is because
of a deficiency in the stopping powers. The substrate thickness of Si is modelled with 2
thicknesses: lnm and 500nm to explore the possibility of a significant difference in the
scattered I spectrum. At least 109 ions were simulated in each of these cases.

The ion energies were then corrected for energy loss in the first timing foil and converted to
time over the known flight length. These flight times were then converted to a time histogram
(simulated spectrum) using the experimental time calibration bin width and offset.

Results and Discussion
Fig 1 shows a comparison of experimental data with simulated spectra for scattered and
recoiled ions from 60MeV 81Br ions on V. The recoiled spectrum shows reasonable
agreement with experimental data and is used to normalise the data set. A comparison of
experimental data and simulation for the backscattered spectrum shows a similar magnitude
and shape, but the simulation significantly exceeds the experimental data at flight times above
110ns.
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Figure 1. (a) Comparison of the scattered Br spectrum ( • ) from a pure V
sample with a Monte-Carlo simulation, and (b) comparison of the recoiled V
spectrum ( • ) with a Monte-Carlo simulation which has been used for
normalisation.
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Figure 2. (a) Comparison of the scattered I spectrum ( • ) from a 75nm Au on Si
sample with a Monte-Carlo simulation assuming a substrate thickness of lnm
(thin) and a substrate thickness of 500nm (thick), and (b) comparison of the
recoiled Au spectrum ( • ) with a Monte-Carlo simulation assuming a substrate
thickness of lnm (thin) and a substrate thickness of 500nm (thick).
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Figure 2 compares experimental data from the 60nm Au layer on Si with simulated spectra of
a 75nm Au layer on Si considering two substrate thicknesses. The two simulations are in
agreement but both give tailing contributions well below the experimental data. The critical
angle for single scattering of I ions from Si is much less than 45° and other experimental work
demonstrated that multiply scattered I from Si alone would have a very small direct
contribution.

Conclusion

• Monte Carlo simulation of spectra from HIERDA can reproduce most of the features of
the spectra.

• Simulation of the spectrum of multiply scattered 81Br ions from a V sample reproduces
the basic features of the measured spectrum however the simulation exceeds the
measured data for lower scattered ion energies.

• In comparing experimental and modelled HIERDA spectra from a thin layer of Au on Si,
there is a substantial discrepancy between the tailing as observed and modelled. This
cannot be attributed to substrate effects of the type observed by Li and O'Connor [2].
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