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A number of groups use Heavy Ion Elastic Recoil Detection Analysis (HERD A) to study
materials science problems. Nevertheless, there is no standard methodology for the analysis of
HEERDA spectra. To overcome this deficiency we have been establishing codes for 2-
dimensional data analysis. A major problem involves the effects of multiple and plural
scattering which are very significant, even for quite thin (~100 nm) layers of the very heavy
elements. To examine the effects of multiple scattering we have made comparisons between
the small-angle model of Sigmund et al.1'2 and TRIM3 calculations.

1. Introduction
HERD A with its exceptional and unambiguous multi-elemental depth profiling capabilities is a
powerful analysis tool using heavy ion tandem accelerators or cyclotrons with two basic
detector types (i) Time of Flight and Energy (ToF-E) telescopes which are mass resolving and
(ii) Energy Loss and Energy (AE-E) telescopes which are nuclear charge resolving. The
important capability of the HDERDA method is the quantitative elemental depth profiling of
thin films and the near-surface region of solids. The accuracy of the elemental depth profiles is
dependent on the understanding of the underlying physical processes governing ion-matter
interactions and more importantly their adequate modelling.

The main physical considerations in ion-matter interactions are the scattering process, energy
loss, energy loss straggling, multiple and large angle plural scattering. In the case of light ions,
these are in the main well understood. But for heavy ion-matter interactions where energy loss
straggling and large angle plural scattering are more acute, there is no reliable and satisfactory
understanding and modelling. This is a major limitation when dealing with heavy ion IBA. In
this paper issues regarding multiple scattering in simulation of HERD A data are examined.

2. Theory
This paper considers the application of multiple scattering slab analysis of BDERDA. Davies et
al. have indicated in the Ion Beam Handbook4 that they believe that Multiple scattering can
only be adequately considered through Monte-Carlo simulation using TRIM3. We are reluctant
to abandon slab analysis as Monte-Carlo is expensive in computer time for routine use
although it has been used for some simulations, e.g. Biersack et al.5. Tadic et al.6 have
examined a similar set of problems for RBS of heavy ions. They used the small angle multiple
scattering models of Sigmund and Winterbon1 and Marwick and Sigmund2.

TRIM has been used to model transmission of ions through thin films of Au using typical
ion/target combinations. The results of this modelling are compared with the model of
Sigmund and Winterbon1 and examined to find ways in which the simulation might proceed.
Sigmund and Winterbon have tabulated angular distributions fiyu^a) as functions of
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reduced variables x = Tea Nx and a =

and a is the screening radius. The screening radius has been estimated using Meyer's formula7.
These distributions are projected onto the scattering plane for application to HEBRDA as small
angular deviations perpendicular to the scattering plane contribute little to the angles involved.

Marwick and Sigmund2 have considered the lateral spread of the beam. This lateral spread is
particularly important in the case of conventional HEERDA in the glancing mode as the lateral
spread of the beam has a strong effect on the path length the ion must traverse in passing
through the layer (Fig. 1).
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Figure 1. Diagram showing the effect of multiple scattering, showing the angular deflection a

and the variation of path length (Al_, A1+) of incident ions through a layer of thickness xcosSj.

3. Results
Figure 2 shows a comparison of the angular deviation of transmitted 60 MeV 127I ions through
layers of Au of thicknesses 13 lcosGi nm as a function of incident angle (9i) simulated by TRIM
with 106 ion trajectories so that the undeviated path length is the same for each simulation. The
curves mostly overlap, with differences when the ion trajectories approach the normal or
parallel to the layer boundaries. Changing the angle of incidence has little effect on the
distribution. The angular deviation for an incident ion beam at 67.5° has been compared with
the distribution from the model of Sigmund and Winterbon and they agree well.
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Figure 2. Angular distribution of transmitted 60 MeV 127I ions through Au of thicknesses 131
cos0; nm as a function of incident angle (9;) at 7° (A), 45° ( • ) and 75° ( • ) simulated by TRIM.



Fig. 3 shows the mean energy of transmitted 60 MeV 127I ions through Au of thicknesses of
131 cosG; nm as a function of incident angle (0i) simulated by TRIM. At large incident ion
angles, the energy distribution becomes very asymmetric which can be partly ascribed to the
difference in path length for ions deviating from the normal. For grazing incidence, it becomes
very clear that the mean energy increases for small deviations toward the normal. The TRIM
calculations show that for ions incident at 75°, the mean energy is highest for a deviation -3°.
This is not readily explained by simple path length considerations used by Tadic et al. as
shorter path lengths occur for greater deviations but lower mean energies are calculated by
TRIM. TRIM simulations of the angular distribution due to multiple scattering as a function of
layer thickness agree with the theory of Sigmund and Winterbon.
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Figure 3. Mean energy of transmitted 60 MeV 127I ions through Au of thicknesses 130 cos9j
nm as a function of incident angle (9;) of 7° (•) , 45° (A) and 75° ( • ) simulated by TRIM.

Conclusion
The model of Sigmund and TRIM simulations of the angular distribution from multiple
scattering are in agreement. However, the energy of ions transmitted in a glancing geometry
cannot be adequately estimated by simple path length considerations. These energies calculated
by TRIM will have some uncertainty, but the general behaviour will not change. To quantify
multiple scattering effects, measurements of multiple scattering of heavy ions in situations of
very heavy targets and where single scattering is excluded have commenced.
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