Microsc. Microanal. 8 (Suppl. 2), 702CD
DOl 10.1017.S1431927602106143 & Microscopy Sodiety of America 2002

Development of a Simulation Tool for “Rea World” SEM Applications
D. Drouin and A.R. Couture

! Départmenet de génie dectrique et génie informatique, Université de Sherbrooke, Sherbrooke,
Québec, J1IK 2R1, Canada.

The topic of this paper is to present a powerful tool for SEM andyss. The Monte Carlo
progran CASINO (www.gd.usherb.calcasino) as been adapted to be able to reproduce more
adequatdy red sample used in SEM. Smple geometry such as verticd and horizonta planes used in
the previous verson limits congderably the range of applications of this tool. The god of this
verson is to be ale to smulate backscattered eectron image and profiles of a complex geometry
such as one shown in Figure a. This demondration sample, is composed of spherica gold particles
of various diameter embedded in a slicon matrix a different depth. Rough surface, such a one
shown in figure 1-b, can aso be created with a 3-D design software and smulated in CASINO.

The program is udng complex dgorithms to track down the eectron podtion as it traves
within the sample. A tree like agorithm is fird used to subdivide the samples composed of a large
number of triangles in cubes containing a few of them. This technique reduces consderably the
computing time needed to locate the podtion of an dectron collison in the sample. Each triangle
composng the sample defines a boundary between different regions of different chemicd
composition. Asthe dectron travels throw those regions the e ectron mean free path is corrected.

The core of the dectron trgectory computation is based on a Sngle scattering modd.
Tabulated Mott eagtic cross-sections are used due to fast caculation and accurate interaction at low
beam energy. A continuous energy loss mode is implemented based on the modify verson of Bethe
law by Joy and Luo.

Figure 2 shows an example of backscattered image computed usng CASINO by scanning the
beam across the sample of figure a. A matrix of Bx50 points were used to create this image. The
amulation conditions are as follow; 5 keV dectron energy, 10 nm beam diameter, 2000 smulated
electrons per points. Figure 3 shows a backscattered image of the same sample but smulated at 10
keV, this image reved deeper embedded gold sphere. Figure 4, shows another example of smulated
backscattered dectron images of the rough surface shown in figure tb. The sample is bulk InGaAs
and smulation conditions were 1 keV dectron energy, 10 nm beam diameter, 2 000 electrons per
point. By increasing the number of smulated eectron per point to 10 000, the image noise is reduced
congderably, figure 5. For this sample, 36 192 triangles were used to represent the sample and 2 500
amulated point were performed to creste the image. The totd Smulation time is goproximately 3
hours witha AMD K7® 600 MHz compuiter.
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Figure 1-a Demonstration sample composed of gold

particles embedded in silicon matrix. Figure 1-b Rough surface of InGaAs composed of 36 192
triangles.
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Figure2 Simulated backscattered image (50 points x 50 ) ] ) )
points) of figure 1-asample. Ey = 5keV, Figure4 Simulated backscattered image (50 points x 50
number of electrons 2000. Total width of color points) of figure 1-b sample. Eo = 1 keV, number
image 150 nm. of electrons 2 000.
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Figure3 Simulated backscattered image (50 points x 50 .
points) of figure 1-asample. Ey = 10 keV, Figure5 Simulated backscattered image (50 points x 50
number of electrons 2000. points) of figure 1-b sample. By = 1 keV, number

of electrons 10 000.
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