CASINO

(monte CArlo SImulation of electroN trajectory in sOlids)

http://nau.edu/cefns/labs/electron-microprobe/glg-510-class-notes/signals/

INTERACTIONS OF ELECTRONS WITH MATTER
CASINO is a Monte Carlo simulation of electron trajectory in solid. The sample is bombarded by a focused beam of electrons. Most incident electrons, rather than penetrating the sample in a linear fashion, interact with specimen atoms and are scattered, following complicated twisting paths through the sample material and losing energy as they interact. The scattering events are of two broad types either elastic or inelastic. In elastic scattering, the electron's trajectory changes due to interaction with the Coulombic field of the nucleus, but its kinetic energy and velocity remain essentially constant (less than 1 eV of energy lost). This is due to the large difference between the mass of the electron and atomic nuclei. There is only one significant effect produced by elastic scattering:

· Production of backscattered electrons (BSE).

In inelastic scattering, the trajectory of the incident electron is only slightly perturbed, but significant energy is lost through interaction with the electrons of the atoms in the specimen. Inelastic interactions produce a number of effects:

· Secondary electron (SE) excitation

· Production of cathodoluminescence (CL)

· Production of continuum x-rays (bremsstrahlung)

· Inner-shell ionization (production of characteristic x-rays, Auger electrons)

· Phonon excitation (heat)


Interaction Effects. Some the interaction effects due to electron bombardment emerge from the sample. Some, such as sample heating (not shown) stay within the sample.
The depth of penetration of an electron beam and the volume of sample with which it interacts are a function of the angle of beam incidence, the magnitude of beam current, the accelerating voltage used, and the average atomic number (Z) of the sample. The resulting excitation volume is a hemispherical to jug-shaped region with the "neck" of the jug located at the specimen surface. An analyst must remember that the interaction volume penetrates a significant depth into the sample, and x-rays are emitted not just from the area at the surface where the beam hits the sample.
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Monte Carlo simulations

General description

The volume of electron interaction may be modeled from first principles using a Monte Carlo method, where the paths of a series of incident electrons are modeled probabilistically with equations for elastic and inelastic scattering determining the scattering angles, mean free-paths, and the rate of energy-loss. Each electron trajectory is simulated iteratively in a step-wise fashion.
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Monte Carlo Simulation of Electron Paths. This simulation is for 15 kV electrons in fayalite (Fe2SiO4). Distances are given in nanometers (1000 nm = 1 µm). Paths of backscattered electrons are in red; those of absorbed electrons are in blue. One should remember that this is a slice through a three-dimensional volume. This model was run using the Casino software described at http://www.gel.usherbrooke.ca/casino/What.html.
Monte Carlo results may be used to models not just the electron paths, but distribution of the resulting effects and implanted energy. These models documents the strong dependence of depth of interaction on atomic number and density.
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Monte Carlo Simulation of Deposited Energy Distributions. Energy distributions assuming 15 kV electrons and the materials indicated. The contour lines correspond to energy amounts of 5% (pale blue), 10% (red), 25% (green), 50% (yellow), 75% (dark blue), 90% (purple). The models were run using the Casino software described at http://www.gel.usherbrooke.ca/casino/What.html.

Steps to get start:  --How to creating a simulation 

1. Select File/New from the menu or click of the OPEN icon. 

2. Then you will see an “Edit Layers” dialog. To add a layer, simply press the Create or Modify button. You can also remove the layer you don’t want using MERGE SELECTED LAYER button. 

3. Double click the layer you want to edit (box0).

4. Choise the size XYZ of the box (for example: 1000000 nm for X,Y,Z) and then clic on GENERATE MESH

5. Double clic on Box_0_inside and a dialog appears. Start by entering the chemical composition in the COMPOSITION EDIT BOX. The elements must be written in Uppercase for the first letter and lowercase for the other (for example: Al). Then give the layer a name, if no name is given, the composition will be chosen as the name. The density will automatically be calculated from the atomic weight and fractions, this calculation does not take into account the structure of the material and you may want to change the density to its actual value. You can also change the atomic fractions or weight fractions manualy by simply clicking it on the value you wish to change. To autocomplete an element as the remainder of the composition simply press the AUTO-COMPLETE ELEMENT FRACTIONS BUTTON after selecting the element. To save an element for future use, give it a name and press ADD TO LIBRARY BUTTON. When completed, press “Next” to move on to the next dialog “MICROSCOPE AND SIMULATION PROPERTIES”. 

6. Setting up the Micoscope and Simulation. First, enter the energy used for your simulation (for example 500 keV). The first box is the NUMBER OF SIMULATED ELECTRON (1000 electrons), the second is the ENERGY OF THE BEAM (for example 500 keV). The third is the beam parameters.

7. Now you can see “Distributions” dialog. Check the box for each distribution you want to see after calculations. Enter the number of points you want each distribution to have. Move on to the next step. Choise the SIZE OF ENERGY BY POSITION  (1000000 nm)

8. Here is the “options” dialog. There are some options for use. Conserving NONE will not save any trajectories to memory which means that there is no way to view the trajectories after they have been calculated. DISPLAYED ONLY will only keep the trajectories that have been displayed on the screen, this option is good if you want to see the trajectories and change some of their viewing parameters and ALL is used if you want to keep all the trajectories in memory, display a selected few during calculation but after calculations it will display all of them. Number of electron trajectories to display on the screen during calculations. Minimal time between backups which are used to continue simulation in case of accidental termination of the simulation. The minimal energy, in KeV, at which a trajectory is terminated. If checked the trajectories will be displayed at regular intervals during the simulation, otherwise the first trajectories are displayed. Move no to the next step.

9. Choosing Physical Models. Unless you know which model does what, skip to the next step 

10. Press FINISH when your simulation is ready to be calculated on go to next step.

11. The End After pressing FINISH press the GREEN button to begin the simulation. BSE electrons and Secondary electrons are distinguished by diff color (BSE–RED, SE –BLUE)

12. Double click on untitled you can choise the ENERGY SCAN, too.

