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ELECTRON RANGE COMPUTATIONAL TOOL FOR ARBITRARY MATERIALS oL
OVER A WIDE ENERGY RANGE

Gregory Wilson, Anne Starley, and JR Dennison USU Materials Physics Group, Utah State University

Abstract

A continuous, simple, composite, piecewise formula is used to calculate the approximate electron range in materials (10° m to 102 m) over an extended energy span (<10 eV to >10 MeV). This model is applicable to a wide array of

conducting, semiconducting, insulating, elemental, compound, and composite materials using tabulated values of a single empirical free parameter, termed the effective number of valence electrons, N‘fff. It can also be applied to

arbitrary materials which have no available range data using a predictive formula for N‘fre, requiring only the material composition, mass density and bandgap energy. A user-friendly computational has been implemented for Microsoft
Excel and as a self-contained HTML/JavaScript application which can be used in any modern browser. The resulting range data calculations can be exported in both graphical and tabular formats, along with the used material properties.
Use of the tool is described, along with the results of several sets of computational studies designed to illustrate the use and versatility of the tool.

After graphing selected materials, data can be exported in several
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formats:
o . il Tool " S * Graph exports as a .png image file.
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their charge. At very low energies where only single inelastic collisions
are likely to occur, this becomes synonymous to the inelastic mean free Material: [ Alumrium ] Add Motera
path (IFMP). The range and the electron IMFP are two common ways to

Microsoft Excel or any other program that can handle tab delimited
text files such as IGOR, MatLab or MathCad.
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formula—with a single empirical free parameter, termed the effective
number of valence electrons, N,*f— approximates the range over a
large length scale (10° m to 102 m).}
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Estimation of the range over an extended energy span (<10 eV to >10 Moo
MeV), particularly at lower energies where few inelastic collisions occur " // W Atuminivm
before electrons stop, is an important advantage for this model along
with its ability to estimate the electron range for most arbitrary
materials with no free parameter—based solely on the material

parameters. This model is given as:
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Fig. 6. Plots of the electron range for the materials in Fig. 4 using the online tool.
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The webpage provides the ability to add or remove any number of
materials, plotting them on the graph and listing them in a table with
Material Formula Z, o (g/cm’) M (amu) N E the material properties and fitting parameter, N ¢ (see Figs. 3 and 4).

with the transition energy constants E;, = 1 keV and Ey; = 20 keV and k = 0.8.
Physical constants are the electron charge q,, electron rest mass m,, speed of light c,
permittivity of vacuum ¢&,, reduced Planck constant h, and Euler's number e. The
inelastic mean free path, A;zp , is given by the TPP-2M equation?® as
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Aluminium Al 2.7 26.98 3.254
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Energy (eV) energy data available, reasonable range results can usually still be obtained if E,,, can
ey Fig. 4. The Material Table shows a list of the currently graphed materials along with the be approximated to within an eV.
relevant material properties The Legend column of the Material Table allows users to
Fig. 1. The material table and graph for the Excel sheet. The table includes the used IR D Coel AT TEER C 6 STadius W Er Rl EB Suerm o (5 e VI F utu re WO rk
material properties along with the fitting parameter N,. Gold, Silicon Glass and Alumina :
are shown as example materials. * We propose to develop a better relativistic approximation for Eq. (1) to

improve range predictions well above m_c?=0.5 MeV.
* The connection of the electron range with secondary yield is being
studied in an attempt to extend the versatility of this model to a
e C21+1803 predictive secondary electron yield model.
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Scan code to access the (right) USU Material
Physics Group papers and presentations (left)
The HTML/JavaScript Electron Range Tool.
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