A. Benninghoven, P. Bertrand, H.-N. Migeon and H.W. Werner (Editors).

Proceedings of the 12* International Conference on Secondary Ion Mass Spectrometry, 183
Brussels, Belgium, 5-11 September 1999

© 2000 Elsevier Science B.V. All rights reserved.

A COMPARISON OF THE ENERGY DENSITY DISTRIBUTION WITH ATOMIC
AND POLYATOMIC PROJECTILES IN ORGANIC SIMS

David W. Ward®, T. C. Nguyen®, Kristin D. Krantzman®
and Barbara J. Garrison”

*Department of Chemistry and Biochemistry, College of Charleston
Charleston, SC 29424, USA

®Department of Chemistry, The Pennsylvania State University
University Park, Pennsylvania 16802

1. Introduction

Numerous organic SIMS experiments have demonstrated that polyatomic projectiles enhance
the yield of secondary ions compared to monoatomic projectiles [1-4]. Recently, experiments
have compared the secondary ion yield with Xe and SFs projectiles [5-6]. Although Xe and
SFs have approximately the same mass, there is a significant enhancement in the yield with
the polyatomic projectile. We have performed molecular dynamics simulations of the
bombardment of a monolayer of biphenyl molecules on Cu(100) and Si(100)-(2x1) substrates
with 0.6 keV SFs and Xe projectiles [7], which have shown that SFs produces more yield than
Xe. It is hypothesized that the secondary ion yield is greater with polyatomic projectiles
because the energy deposited is spread out over a larger surface area, leading to more ejected
molecules from the surface. In this paper, we examine the energy density distribution with Xe
and SF; projectiles.

2. Method

The classical method of molecular dynamics simulations is used to study the systems of
interest and the details of this method are described extensively elsewhere [8]. Details of the
calculations have been described previously [9] and will be described in more detail elsewhere
[10]. The model systems consist of a monolayer of biphenyl molecules adsorbed on copper
and silicon substrates, where the positions of the biphenyl molecules are determined by
allowing the adsorbates to equilibrate at 0 K on the substrate using an algorithm based on the
generalized Langevin equation (GLE). The forces among the atoms are described by the best
currently available potential energy functions, the majority of which are multi-body in nature.
The Xe and SFs projectiles are brought in at normal incidence with 0.6 keV of energy, and the
orientation of the SFs projectile with respect to the surface is selected randomly. The results
are calculated with each projectile for 150 trajectories, where each trajectory has a different
aiming point on the surface.
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3. Results
a. Yield and Mechanisms

Our simulations have demonstrated that SFs enhances the yield compared to Xe, and that the
degree of enhancement depends on the nature of the substrate [7]. On the silicon substrate,
the yield with SFs is 2.1 times greater than with Xe. On the copper substrate, the yield with
SFs is only 1.2 times greater than with Xe. The differences in the enhancement between the
two substrates can be explained by the differences in their lattice structure. With the more
open lattice structure of silicon, the SFs is able to penetrate the lattice and break up within the
substrate underneath the monolayer of biphenyl molecules. With the more closely packed
copper substrate, on the other hand, the SFs cluster breaks up on the surface rather than within
it. The break up of SFs within the lattice leads to upward motion of the silicon substrate
atoms, causing a greater number of ejected biphenyl molecules from the surface.

b. Energy Density

Only the energy density from the upward moving substrate atoms are considered because
these are the atoms that cause ejection of whole biphenyl molecules. Contributions to the
energy density from the primary particle are not included because collisions with the primary
particle lead to fragmentation of the biphenyl molecules. In order to calculate the energy
density distribution, the surface area is divided up into thirty by thirty bins, each with an area
of four A%, For each time step, the energy within each bin is calculated by summing over the
kinetic energy of the substrate atoms in the volume of the bin that have an upward momentum
and are within two A above the substrate surface. The energy density is calculated by dividing
the total energy by the volume of the bin and the maximum kinetic energy density over time in
each bin is recorded for the trajectory.

Figures 1a and 1b show plots of the maximum energy density within each bin for a typical
trajectory on the Si(100)-(2x1) substrate with the SFs and Xe projectiles. Both projectiles
have the same impact point on the surface. SFs produces a yield of five ejected biphenyl
molecules and one fragmented molecule and Xe produces a yield of two ejected biphenyl
molecules. The plus signs on the plots represent the positions of the center of mass of the
ejected biphenyl molecules and the asterisk in Figure la represents the position of the
biphenyl molecule fragmented by the impact of the SFs projectile. In general, positions of
high energy density correlate with the positions of biphenyl molecules that are ejected. The
SFs projectile produces a larger area of energy density on the silicon surface compared to Xe,
which distributes its energy in a smaller region, and consequently, more biphenyl molecules
are ejected with the SFs projectile.

Figures 2a and 2b show plots of the energy density with the SFs and Xe projectiles on the
Cu(001) substrate. With this impact point, SFs has a yield of three biphenyl molecules and Xe
has a yield of two biphenyl molecules. The magnitude of the energy density is greater on the
copper substrate than the silicon substrate because of the greater mass of its substrate atoms.
As in the case with the silicon substrate, SFs distributes the energy over a larger area than Xe.
However, the increase in area is not as great as on the silicon substrate because SFs breaks up
on the copper surface rather than within it.
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Figure 1: Energy density distribution on the Si(100)-(2x1) substrate. Contour lines are drawn
to represent positions of energy density at values of 0.5 eV/8 A%, 1.0 eV/ 8 A 2.0 eV/8 A°,

3.0eV/8 A3, and ... 10.0 eV/8 A>.
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Figure 2: Energy density distribution on the Cu(001) substrate. Contour lines are drawn to
represent positions of energy density at values of 0.5 eV/8 A, 1.0 eV/ 8 A%, 2.0 eV/8 A3, 3.0
eVi§ A, and ... 10.0 eV/8 A%,
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4. Summary

Plots of the distribution of the maximum energy density with the Xe and SFs projectiles on the
Si(100)-(2x1) and Cu(001) substrates are presented for typical trajectories. Our simulations
show that only substrate atoms with upward momentum cause ejection of whole biphenyl
molecules, and therefore, only these atoms are included in the calculation of the energy
density. In general, positions of high energy density correlate with the positions of ejected
biphenyl molecules. SFs produces a larger area of energy density than Xe, and this is
especially true on the silicon substrate. The larger area of energy density leads to a greater
yield of biphenyl molecules ejected from the surface.

5. Acknowledgments

The financial support of the National Science Foundation, the Petroleum Research Fund and
the Research Corporation is gratefully acknowledged. Computing facilities were provided by
grants from the National Science Foundation and the IBM Selected University Research
Program at the Center for Academic Computing of The Pennsylvania State University. In
addition, we thank Anthony Appelhans and Michael Van Stipdonk for insightful discussions
about this work and Jeff Nucciarone for assistance with the computations.

References

[1] A.D. Appelhans and J. E. Delmore, Anal. Chem. 61 (1989) 1087.

[2] M. G. Blain, S. Della-Negra, H. Joret, Y. LeBeyec, E. A. Schweikert, Phys. Rev. Lett.,
63 (1989) 1625

[3] J. F. Mahoney, J. Perel, S. A. Ruatta, P. A. Martino, S. Husain, T. D. Lee, Rapid
Commun. Mass. Spectrom., 5 (1991) 551.

[4] O. W. Hand, T. K. Majumdar, R. G. Cooks, Int. J. Mass Spectrom. Ion Processes, 97
(1990) 34.

[5] F. Kbtter and A. Benninghoven, Appl. Surf. Sci., 133 (1998) 47-57.

[6] E.T.Adaand L. Hanley, Int. J. Mass Spectrom. Ion Processes, 174 (1998) 231.

[71 J. A. Townes, A. K. White, E. N. Wiggins, K. D. Krantzman, B. J. Garrison and N.
Winograd, J. Phys. Chem. A, 103 (1999) 4587.

[8] J. Garrison and N. Winograd, Science, 216 (1982) 806; B. J. Garrison, Chem. Soc. Rev.,
21 (1992) 155; D. N. Bernardo, R. Bhatia and B. J. Garrison, Comp. Phys. Comm., 80
(1994) 259-273.

[9] R. Zaric, B. Pearson, K. D. Krantzman and B. J. Garrison, Int. J. Mass Spectrom. Ion
Processes, 174 (1998) 155; R. Zaric, B. Pearson, K. D. Krantzman and B. J. Garrison in
Secondary lon Mass Spectrometry, SIMS XI, eds. G. Gillen, R. Lareau, J. Bennett and F.
Stevie (Wiley, 1998), p. 601; J. A. Townes, A. K. White, K. D. Krantzman and B. J.
Garrison in Applications of Accelerators in Research and Industry, eds. J. L. Duggan
and I. L. Morgan (The American Institute of Physics, 1999), p. 401.

[10] T.Nguyen, D. Ward, J. A, Townes, A. K. White, K. D. Krantzman and B. J. Garrison,
manuscript in preparation.



