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Monte Carlo simulations are widely used by microscopists to investigate and understand beam/specimen 
interactions.  When first applied to the SEM in the 1960s, use was restricted by availability and the speed of 
computers, but today this is no longer the case.  A variety of commercial packages, such as Electron Flight 
Simulator [1] and Metrologia [2], and freely available programs, such as CASINO [3] and Joy’s Single 
Scattering Model [4], exist.  Additionally, modern computers can complete a reasonably detailed 
simulation in minutes.  One issue, however, not receiving much attention is the representation of the Monte 
Carlo data that is now so easily generated.  Here we address some of the shortcomings of conventional 
representations and suggest a more insightful alternative. 
 
A conventional representation of Monte Carlo data from an SEM simulation is shown in figure 1A.  An 
interaction volume is generated for a normal incidence 20 keV beam on a nickel specimen.  This 
representation was constructed using the typical “connect-the-dots” method, where each elastic scattering 
event is projected onto the image plane and connected to its sequential neighbors by straight lines.  The 
connecting lines are color-coded so that lower energies are darker.  It is tempting to infer the size and shape 
of the interaction volume from figure 1A, but this conventional representation is very misleading.  
Compared to figure 1B, the interaction volume of figure 1A appears smaller; however, both figures 
represent the exact same beam/specimen conditions.  Simply fewer electrons are simulated for figure 1A.  
Moreover, there appear to be only minor differences between the interaction volume representations of 
figures 1B and 1C.  However, the latter was generated with a beam of near-grazing incidence (70 degrees 
from normal).  Physically, the interaction volumes for normal and near-grazing incidences are very 
different, with the latter generating many more backscattered electrons due to its asymmetry.  The 
conventional representation fails to make this clear. 
 
A more insightful representation of the interaction volume should be independent of the number of 
simulated electrons and clearly differentiate between a beam of normal and of near-grazing incidence.  
Figure 1D shows the density of scattering events per volume element, DV,  for the identical simulation 
parameters as figures 1B and 1C.  This alternative representation was constructed for a 2 nm thick slice of 
the interaction volume parallel to the beam.  The slice volume was sampled in 2x2x2nm voxels.  The 
scattering event count was normalized by the number of simulated trajectories divided by 106.  The 
asymmetry of the tilted beam interaction volume is easily seen.  Moreover, the size of the interaction 
volume is more accurately represented.  The log scale shows both the extent of the interaction and the 
importance of the region near the impact point.  Magnified views of this alternative representation are 
presented in figure 2, with the same simulation parameters as the corresponding subfigures in figure 1.  
Although figures 1A and 1B were simulated with a significantly different number of trajectories (5,000 and 
100,000, respectively), the size and shape of the high density region (>103 nm-3) remains constant.  Thus, 
this alternative representation is independent of the number of simulated trajectories.  We encourage the 
adoption of this method of visualization to reduce some of the inherent confusion in the conventional 
representation of microscopy Monte Carlo data [5]. 
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FIG. 2.  Magnified alternative representations.  
Letters match conventional representations in 
figure 1: A) 0o tilt, 5k trajectories B) 0o tilt, 100k 
trajectories C) 70o tilt, 100k trajectories 

FIG. 1.  Visualizing a 20kV beam on Ni.  Conventional 
representations: A) 0o tilt, 5k trajectories B) 0o tilt, 100k 
trajectories C) 70o tilt, 100k trajectories.  Alternative 
representation: D) 0o and 70o tilt, 100k trajectories 
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FIG. 2.  Density of scattering events in a 2 nm 
YZ slice, centered at X = 0 nm.  Density 
shown with log scale. 

FIG. 2.  Density of scattering events in a 2 nm 
YZ slice, centered at X = 0 nm.  Density 
shown with log scale. 
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