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The Calculations

The Program

Axial Channeling

Parameterizing the Graphical Curves

 The equations used to calculate channeling half-angles were obtained 
from Chapter 10 and Appendix 15 (M. L. Swanson), of the Handbook of 
Modern Ion Beam Materials Analysis (edited by J. Tesmer, M. Nastasi, J. 
Barbour, C. Maggiore, and J. Mayer).

 To evaluate the equations it was necessary to parameterize several 
curves in Appendix 15 that were originally generated using Monte-Carlo 
simulations of channeling by John Barrett in 1971.  Previously one had to 
manually read the values of these curves from graphs!
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 To write an Excel program that calculates the 
“half-angles” and “minimum yields” for all the 
important axial and planar channeling 
orientations of any ion at any energy for any 
material with body-centered cubic,  face-
centered cubic, and diamond lattice crystal 
structures.

 … and use these results to calculate 
unintentional axial and planar channeling 
probabilities of MeV energy ions being used in 
the Ion Beam Laboratory at Sandia to simulate 
the effects of high energy neutrons on material 
systems.

 Previously, these calculations were laborious, 
and now they are easily made.
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Planar Channeling

Research Applications

The Equations

Channeling
 Ion channeling has been used for over 50 years to better the atomic-level 
understanding of the structure of single crystals.

 Channeling typically involves measuring the backscatter intensity of a 
parallel beam of MeV-energy ions directed onto a crystal whose orientation is 
changed with a precision goniometer.

 Details of crystal structure, such as the 3D position of interstitial atoms, can 

then be resolved with sub-Å resolution.

 …but unintentional ion channeling can lead to unexpected results when 
using high energy ions to simulate the production of neutron damage in 
polycrystalline materials, such as those used in current fission and future 
fusion nuclear reactors.

 Some nano-grains can experience less displacement damage than 
neighboring grains depending on their orientation to the ion beam, and this is 
thought to affect mechanical properties.
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Jens Lindhard  derived the theory for axial and planar channeling angles 50 years 
ago.  The characteristic axial channeling angle is given in the equation:

The equations along with the variables were put into a Microsoft Excel 
spreadsheet and the process of automating the calculations was done 
through Excel. Each variable was accounted for, inputted, then plugged into 
the original channeling equations to find the probability of unintentional 
channeling.

Where Z1 is the atomic number of the projectile, 
E is the energy (MeV) of the projectile, Z2 is the 
atomic number of the target atoms, e2 is the 
fundamental electron charge squared which 
equals 1.44x10-5 MeV-Å and d is the separation 
of the atoms in A along the axial direction 
<uvw> given in the usual Miller indices. 

The expressions for axial channeling half-angles are given as:

and
Where the function FRS was 
parameterized, and a is the 
Thomas-Fermi screening length, 
and is given as 
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The planar half-angles are given in the equation:

where

and N is the concentration of target atoms and dp is the atomic separation 
of the planes (Å). The function FPS was parameterized to solve for the half-
angles.
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To parameterize the Debye function, the FRS function, and the FPS function, the graphs that previously had to be read 
manually were scanned and used to find functions that matched the ones on the graph. The functions were found by 
matching up plot lines to the original graphs.

2 MeV Si on <001> W
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It was necessary to input a table in which 
each target element was associated with its 
atomic number, structure, Debye 
temperature, and lattice constant. This was 
implemented to automatically enable the 
user to look up the values needed for the 
calculations.

Stereographic Projections

The axial and planar ion channeling can be 
represented by the program in the form of 
stereographic projections.  The equations 
used to create these projections for axial 
channeling are:

Channeling probability for 2 MeV W, Cu and Si on W.

For the exposure conditions used by El-Atwani and Hattar to simulate 
neutron damage in W nanocrystals, there was a considerable amount 
of channeling occurring.  How this relates to the accidental channeling 
that occurs with neutron exposures is unknown, and this needs to be a 
subject for further research.  

A SAND Report has been written that gives all the equations 
and parameterization of graphical representations of Monte-
Carlo calculations of ion channeling to determine the half-
angles for axial and planar channeling and with these angles 
determine the accidental or unintended channeling of implanted 
ions, or those recoiled by neutrons an primary knock on atoms 
in polycrystalline metals in nuclear fission or future fusion 
reactors.  

This report and the Excel program can be made available upon 
request.  Contact bldoyle@sandia.gov.
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