Special Applications of TRIM
This document contains two separate discussions:
· Ions starting with varying Energies, Angles and Depths  (page 1)
· Calculating radiation damage from Neutrons/Electrons/Photons  (page 3)
Ions starting with varying Energies, Angles and Depths

· Calculating Plasma Ions Hitting a Solid

· Simulating a Receding Surface from Sputtering

· Simulating Reactor Radiation Damage in Metals

Sometimes users wish to consider incident ions with various energies, with various angles of incidence and possibly starting at various depths. For this application the data file, TRIM.DAT, is used, see Table 1 below. It can be used to simulate the ions from a plasma hitting a surface (various angles and energies), e.g. solar wind effects on planetary materials. It can be used to simulate a receding surface with subsequent ions starting at increasing depths, e.g. from ion sputtering effects. Or it can be used to simulate nuclear reaction processes, e.g. neutron induced alpha-particles created throughout reactor materials.

The top of file TRIM.DAT contains 10 lines of comments, which are not used in the TRIM calculation. (Ignore the special fonts used in the figure for emphasis; the data file on the disk will be in simple ASCII format.) One of the data lines, as noted in the sample file, will be included as an identifying comment in all output files (named *.TXT) which tabulates the statistics of each collision. This is the line: Ar Plasma Ions into Si (1000A thick) (Energies 20-80 keV, Various Angles).

Table 1- TRIM.DAT -  Sample File for Varying Energy, Angle and Depth

TRIM.DAT:  TRIM with various Incident Ion Energies/Angles and Depths

Data Format:
Top 10 lines are user comments, with line #8 describing experiment.

Data Format:
Line #8 will be written into all TRIM output files ( various files:  *.TXT).

Data Format:
Data Table line consist of: EventName(5 char.) + 8 numbers separated by spaces.

Data Format:
The Event Name consists of any 5 characters to identify that line. 

Typical Data File is shown below, with a variety of numerical formats, all acceptable.

Note that cos(X) = 1 for normal incidence, and cos(X) = -1 for back towards the target surface.

>> Ar Plasma Ions into Si (1000A thick) (Energies 20-80 keV, Various Angles) 

Event
Atom
Energy
Depth
Lateral-Position
------- Atom Direction -------

Name
Numb
__(eV)__
_X_(Å)_
_Y_(Å)_
_Z_(Å)_
Cos(X)
Cos(Y)
Cos(Z)

  A-1
  18
12345
  0
  0
 0  
 1.00000
 .000000
-.000000

  abcde
  18
54321
  0
  0  
 0 
 0.62344
-.295513
 .003415

  AA#1
  18
1.31E4
  123
  0
-154
 0.34234
-.336437
-.017437

  C-3
  18
123.55
  1230
 432
 12.3E2
-0.23258
-.543453
 .443483

  AA-1
  18
0.123E2
  0
  -10
-12
 0.99998
 .000012
-.000017

Table 1 shows the data format for several ions using various numerical styles to show how to specify numbers (all are acceptable). The numbers must be separated by spaces or commas. The first column is a five character ID which will be displayed on the screen while that ion is active. Columns 2-3 show the ion atomic number and energy (eV). Column 4 indicates the depth (Å) in the target where the ion begins: this is its x-axis coordinate. The depth must be a positive number. Columns 5-6 are the initial lateral position of the ion (Å). TRIM normally uses (0,0,0) as the starting coordinates of the ion. The ion’s starting position is always randomly modified within an atomic diameter so that successive ions starting, for example, at (0,0,0) will not have the same impact parameter. The incident angle of the ion is specified by its directional cosines, columns 7-9, with the x-axis corresponding to depth into the target. For normal incidence, the three directional cosines are: 1,0,0. Note that cos(X) is positive when the ion is going into the target, and negative when moving towards the target surface. The TRIM.DAT file may be up to 99999 lines long. If any illegal input values are discovered, an error message is displayed on the screen and that input line is skipped.

As an example, a file TRIM1.DAT is included in SRIM, located in the subdirectory: /SRIM Tools. This file contains data similar to that shown in the box above for Ar ions (20-80 keV) incident on a Si target (1000 Å thick) To illustrate various modes, we start the ions at different angles and at different depths in the target. To use this file to make a TRIM calculation, do the following:

Copy the file TRIM1.DAT into the main SRIM directory. Rename it TRIM.DAT.
Start SRIM. Go to TRIM.
· In the upper right of the TRIM Setup window is a pull-down menu called: Type of TRIM Calculation, DAMAGE. Select item (5), “Varying Ion Energy/Angle/Position (full cascades) using TRIM.DAT”.

· Go through the ion type, mass and energy for Ar ions at 80 keV. Note that you must use at least the maximum energy of ions which occurs in the TRIM.DAT file, column 3.

· In the Target Data window, use the Periodic Table, PT, to enter the element  Si.
· Specify 1000 Angstroms for the Width of the layer
· Use the defaults to specify target density and description (2.32 g/cm2 and Silicon).

· Specify no other layers

· The rest of the inputs are optional. When done, press Save Input & Run TRIM.
· A window will pop-up confirming that you want to run using TRIM.DAT. Click on OK.
TRIM will load and start executing. The calculation will go VERY FAST since there are only a 5 ions specified in TRIM.DAT (see Table 1). To be sure that things work OK, we have deliberately included an error in the input file. The Event in line 4 in Table 1 contains a mistake (depth > 1000 Å) to illustrate the error messages associated with using TRIM.DAT. TRIM tries to check that the input conditions are within specifications of the TRIM Setup that you constructed, but there is always the chance of a crash.
When you run your own calculation, be sure that the ion that you specify in the TRIM Setup has an energy larger than any ion in your TRIM.DAT, and that the target is thick enough to include all the ions and recoils. Also, the numbers in TRIM.DAT must follow the convention of using a period for a decimal place. No commas!
This application of TRIM was suggested by: K. Bodek, PSI, Switzerland, F. Calvino, Barcelona, Spain and many others.
Radiation Damage from Neutrons/Electrons/Photons

TRIM can be used to calculate the recoil cascades in solids caused by neutrons, electrons or photons (which we will call NEP particles). These cases are treated identically, with TRIM evaluating only the cascade damage without any incident particle damage.

One must first obtain another computer program for the transport of NEP particles through matter. Widely used codes are the "Integrated TIGER Series", (ITS code) for electrons and photons, or the "Monte Carlo Neutron Program" (MCNP code) for neutrons in matter. Both are available from the Radiation Shielding Information Center, Oak Ridge National Laboratory, P.O. Box 2008, Oak Ridge, TN, 37831-6362, USA, telephone: (01)-615-5746176, Fax: (01)-615-574-6182, Internet: PDC@EPIC.EPM.ORNL.GOV. The separate NEP transport programs are used to calculate where collisions are made in the target, and give the position, and recoil statistics for each collision atom. Then TRIM can be used to calculate the full target recoil cascade which occurs from each NEP collision atom.

A file called TRIM.DAT must be prepared by the user which specifies the parameters of each cascade. An example of TRIM.DAT is shown in Table 2 and included on the original TRIM disk as /SRIM Tools/TRIM2.DAT. TRIM calculates the cascades with an "invisible" incident particle. TRIM.DAT specifies each recoil atom and calculates its cascade. 

The top of file TRIM.DAT contains 10 lines of comments, which are not used in the TRIM calculation. (Ignore the special fonts used in the Table for emphasis; the data file on the disk is in simple ASCII format.) One of the data lines, as noted in the sample file, will be included as an identifying comment in the file COLLISON.TXT which tabulates the statistics of each collision (This is the line: “Recoils from 1670000 eV electrons in SiO2(1200 Å)+ GaAs(10000 Å)”). The numerical data at the bottom of the file may be written in several different formats, such as 12345, 12.345E3, 0.12345E5, etc., but periods must be used for decimal points (no commas!).
Table 2 - TRIM.DAT -  Sample File for Collision Cascades
TRIM.DAT  :  TRIM recoil cascade data file

Data Format:
Top 10 lines are user comments, with line #8 describing experiment.

Data Format:
Line #8 will be written into all TRIM output files ( various files:  *.TXT).

Data Format:
Data Table line consist of: EventName(5 char.) + 9 numbers separated by spaces.

Data Format:
The Event Name consists of any 5 characters to identify that line. 

Typical Data File is shown below, with a variety of numerical formats, all acceptable.

Note that cos(X) = 1 for normal incidence, and cos(X) = -1 for back towards the target surface.

Recoils from 1670000 eV electrons in SiO2(1200A)+GaAs(10000A)

Event
Atom
Energy
Depth
Lateral-Position
------------ Atom Direction ------------

Name
Numb
  (eV)
_X_(Å)_
_Y_(Å)_
_Z_(Å)_
Cos(X)
Cos(Y)
Cos(Z)

  A-1
  8
59.2 
322
 24
 12.34
 0.99998
 .000012
-.000017

  C-3
  33
1259. 
10.02E3
 432
 12.3E2
-0.23258
-.543453
 .443483

  AA-1
  8
98764
522
-24.3
-12
 0.99998
 .000012
-.000017

  123C
  14
1.56E4
2222
-33
-69
 0.62344
-.295513
 .003415

  9875
  33
7.31E4
3322
-82.9
 154
 0.34234
-.336437
-.017437

  asd
  6
0.98E5
0.882E2
-206
 588
 0.03754
 .032936
-.334616

Table 2 shows the data for several recoils using various formats to show how to specify numbers. The numbers must be separated by spaces or commas. The first column is a five character ID which will be displayed on the screen while that recoil is active. Columns 2-3 show the recoiling atom atomic number and energy (eV). Column 4 indicates the depth (Å) in the target where the recoil atom starts- this is the x-axis coordinate. The depth must be a positive number. Columns 5-6 are the initial lateral position of the atom (Å). The initial trajectory of the recoiling atom is specified by its directional cosines, columns 7-9, with the x-axis corresponding to depth into the target. For a recoil trajectory normal to the target surface, the three directional cosines would be: cos(X)=1, cos(Y)=0, cos (Z)=0. Note that cos(X) is positive when the ion is going into the target, and negative when moving towards the target surface. The TRIM.DAT file may be up to 99999 lines long. If any illegal input values are discovered, an error message is displayed on the screen and that input line is skipped.

The sample input data file shown in Table 2 and in the SRIM directory, /SRIM Tools/TRIM2.DAT, is for 1.67 MeV electrons into a target of SiO2 (1200 Å) on GaAs (10000 Å). If you wish to try TRIM using the sample data file, follow these steps:

Copy the file TRIM2.DAT into the main SRIM directory. Rename it TRIM.DAT.
Start SRIM. Go to TRIM.
· In the upper right of the TRIM Setup window is a pull-down menu called: Type of TRIM Calculation, DAMAGE. Select item (7), “Damage cascades from Neutrons, etc. (full cascades) using TRIM.DAT”.

· You will use the default values of Ion Type and Mass, since this data is not used. However, the ion Energy is important. Look at your input file (Table 2) and find the highest energy (71,300 eV). Round this up to 100 keV, and enter it as the ion energy. No recoils will have an energy greater than this.

· In the Target Data window, use the Periodic Table, PT, to specify a target atom of Si.
· Press Add New Element to Layer. Use the Periodic Table, PT, to specify a target atom of O. For this entry, change the Atom Stoich. from 1 to 2 (the compound is SiO2).
· On the left side, change the Target Width to 1200 Å 
· Specify target Layer Name as SiO2 and the Density as 2.32.
· Press Add New Layer. Specify that the layer name is: GaAs
· In the Target Data window, use the Periodic Table, PT, to specify a target atom of Ga.
· Press Add New Element to Layer. Use the Periodic Table, PT, to specify a target atom of As.

· On the left side, check that the Target Width is 10000 Å (default).
· Specify the Density as 5.32.
· Finally, at the bottom of the window, check the box under Output Disk Files: Collision Details. This will produce a large file with all the details of each cascade.

Check your input data. You should have: ION DATA: Ion Type (any), Atomic Number (any), Mass (any), Energy (100 keV). TARGET DATA: Layer #1 = SiO2 (1000A, ρ = 2.32 g/cm3) with Stoich of Si=1, O=2. Layer #2 = GaAs (10000A, 5.32 g/cm3) with Stoich of Ga = 1, As = 1.
· When done, press Save Input & Run TRIM.

· A window will pop-up confirming that you want to run using TRIM.DAT. Click on OK.
TRIM will load and start executing. The calculation will go VERY FAST since there are only a 6 recoil events specified in TRIM.DAT (see Table 2). During the cascade calculation, on the screen you will see small isolated pockets of damage, with no intermediate ion tracks. The TRIM damage plots may be accessed normally at any time. The cascade results will be stored in COLLISON.TXT. You may interrupt the calculation at any time, and continue it later (TRIM will start where it left off).
When you run your own calculation, be sure that the ion that you has an energy larger than any recoil in your TRIM.DAT, and that the target is thick enough to include all the ions and recoils. Also, the numbers in TRIM.DAT must follow the convention of using a period for a decimal place. No commas!
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