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Ion Trajectory Calculation Lab

Introduction
These labs are designed to demonstrate the impact of the ion trajectory quality parameter on the
accuracy of ion trajectories.

Location:  C:\Advance SIMION Class\03. Trajectories and Instances\Trajectory Lab

DC Reflection Field Experiment
The first experiment uses linear gradient fields and an ideal grid to test the conservation of energy
in linear fields with discontinuities.  The fields form an electrostatic trough that acts to reflect the
ion into wave-like motions.

Preparation

Load the reflections.pa# file and refine it to 1.0e-7
Remove all arrays
Load the reflections.iob file into view
Click the Fly’m buttons

Discussion

The pa with its central ideal mirror forms a reflection trough.  Ions are launched with a
small amount of kinetic energy in the x direction half way up one side of the trough in y.
The ion forms a trajectory wave as it swings across the center grid.  Energy is conserved if
successive peak heights remain the same (successive ymaxes remain the same).

Note: Two red neutrals are flown to serve as a reference for peak height measurements for
the tests described below.

Experiment

As a test, vary the trajectory quality to 103 or above.  Now try 0 and various negative
numbers.  Notice that 0 or negative numbers do not conserve energy very well.  Turn on
data recording so that a marker is generated each time step.  Notice that time steps bunch
near velocity reversals and around the ideal grid discontinuity when trajectory quality is
positive. This helps to better conserve the ion’s energy in the calculation.

Second and Third Experiments
These tests uses a RF linear gradient fields between two plates to test the conservation of energy in
linear RF fields with discontinuities.  The RF field forms an electrostatic RF trough that acts to
reflect the ion into wave-like motions.
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RF Mirror Experiment
A sine wave RF is used between the two plates (in y).  A collection of ions are given a small ke in x
relatively close to one of the plates. Each ion follows a wave-like trajectory.

Preparation

Load RF Mirror.pa# and refine to 1.0e-7
Remove all PAs
Load RF Mirror.iob into View
Click the Fly’m button

Discussion

The ions are flown 1/2 cycle (by default) and then killed.  The expected peak to peak dy (in
mm) using a formal integration of the expected forces is compared to the dy obtained from
the simulation.

If you want the ions to keep on flying set the adjustable variable:
Long_Simulation_if_1 to the value of 1.

Experiment

Note that higher values of trajectory quality improve the higher mass dy accuracies.  The
issue here is that these ions have small wave sizes in relation to array grid intervals.  To
improve accuracy you need to either use a higher density array or turn up the trajectory
quality to shrink the timesteps in trajectory curvature areas.

RF Square Wave Experiment
A square wave RF is used between the two plates (in y).  A collection of ions are given a small ke
in x relatively close to one of the plates. Each ion follows a wave-like trajectory.  The square wave
will induce conservation of energy problems unless the switch edge can be detected accurately and
automatically.

Preparation

Load RF Square Wave.pa# and refine to 1.0e-7
Remove all Pas
Load RF Square Wave.iob into View
Click the Fly’m button
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Discussion

The ions are flown 1/2 cycle (by default) and then killed. The expected peak to peak dy
(in mm) using a formal integration of the expected forces is compared to the dy obtained
from the simulation.

If you want the ions to keep on flying set the adjustable variable:
 Long_Simulation_if_1 to the value of 1.

Experiment

Note that 0 or negative value of trajectory quality cause considerable errors because of their
fixed time step nature.

Note that higher values of trajectory quality improve the higher mass dy accuracies.  The
issue here is that these ions have small wave sizes in relation to array grid intervals.  To
improve accuracy you need to either use a higher density array or turn up the trajectory
quality to shrink the timesteps in trajectory curvature areas.

Turn on data recording at each time step to verify that SIMION is indeed catching the edge
of the RF square wave.
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Array Instance Labs

Introduction
These labs are designed to demonstrate important aspects of array instances.

Location:  C:\Advance SIMION Class\03. Trajectories and Instances\Instance Lab

Orienting an array instance
This lab selectively orients an array instance of an einzel lens.

1. Load the Einzel.iob file into View.

2. Click the 3D Iso button for an isometric view.
Turn up display quality to 6.

3. Click the PAs tab.

4. Click the ? button and examine the instance’s parameters.
Move the cursor to the upper right corner of the data display.
Notice that the cursor switches to a double headed arrow.
Now drag (mouse button depressed) this corner to enlarge the data display to see all parameters.
Click the Print button and print a copy of these parameters.
Notice that all instance parameters have their default values (this will change).
Click Vew RD button to turn off the data display.

5. Click Edit and then the More buttons to gain access to instance edit screen number two.
(It is suggested that you have where active in mm abs and switch views to examine changes)
Set the Rt angle to +90 degrees (watch what happens in view for the next steps).
Set the El angle to +45 degrees
Set the Az angle to +30 degrees
Set Xwo (x working origin) to –100 gu (notice that the working origin is still at the WB origin)
Click the Back button to access instance edit screen number one.
Set Ywb (y workbench offset) to 100 mm (working origin is now 100mm above the WB origin)

6. Does what you observe agree with the order of transformations described in the lecture?
Now try orienting the instance yourself.
Notice that SIMION always expands the workbench volume to include all instances.
However it doesn’t automatically shrink the workbench volume.
To minimize this volume, click the Wrkbnch tab and click the Min button.
While you’re there add 1,000 mm to Xmax to expand the workspace beyond the array.

Adding a new array instance
This lab adds a second separately controllable einzel instance into the workbench volume.
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1. Click the Remove All PAs from Ram button on the main menu screen to remove our prior
mess.

2. Load the Einzel.iob file into View.

3. Now mark a region to the right of the current einzel instance for locating the new einzel
instance.

4. Click the PAs tab and the Add button.
Select the file einzel.pb0 and depress both mouse buttons.
Click the Done button to accept your fate.
The new instance is number 2.
Edit it if it needs to be moved or sized a bit.

5. Now try flying ions through both instances.
Make sure instance 2 is centered in y and z.
Change the scaling of instance 2 to 0.5 mm/gu.
Fly the ions.
Try a slight miss-alignment (offset or angular).

6. Change the potentials of each instance separately (PAs tab selected):
Select the  instance number (e.g. 2).
Click the Fadj button and adjust the instance’s potential.
Fly the ions.
Repeat the process with the other instance (e.g. 1).
Run one instance as an acceleration and the other as a deceleration einzel.

Superimposed instances
This lab uses two superimposed instances to demonstrate instance priority and the isolation of
fields within an instance.

1. Remove all PAs from ram.

2. Load the file mirror.iob into view and click the Fly’m button.
An instance of the einzel lens has been superimposed on a tube instance with a field free
internal volume and end ideal grids and electrodes that can be used as reflectors.

3. Notice that the ions that go through the einzel are focused.
However, ions that fly near the outside of the einzel are not affected. Why?  They should be.
What does this tell you about superimposed instances.

4. Now click the PAs tab, select instance 2 (einzel.pa0), click the L- button and the Yes button.
Re-fly the ions.
What do you see?  Explain what is causing this change.  Why is this knowledge important?
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5. Use data recording to show: ion number and instance number when instances change (verbose).
Compare the results when the einzel.pa0 instance is 1 or 2.
Explain.  Would this be a good troubleshooting method for instance priority?

6. For a little fun, set the left and right reflector voltages to 1000 V and fly all ions grouped (data
recording off).
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Cancel OK Use Geometry File

Max PA Size    100,000 Pts

Elect Cylind Mirror Y X Z

   100ng    100x     20y      1z
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Use Non-Electrode

 +        0.0000 Volts

Set Elect Cylind Mirror Y X Z

   100ng    100x     20y      1z

Quit

Keep

>Tmp Undo NonE        0.0000 Volts at x = 29 y = 6, z = 0

Z2D Colors Find Find Ö      0.0000 V 1 XY  2 ZY  3 XZ  XYZ  Box

Includ

CL RM

Bx Cr
Hyperb
Line
Parab

Replac
Edge F
Copy
Move
Mirror
RotCpy

/AB .
Where

Print

GeomF

Y

X
Z

Z =     0Z =     0
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SIMION 7.0 Geometry File Compiler
    Tue Apr 25 16:51:05 2000
    Errors for: egun2d.gem
---------------------------------

No Compiling Errors Encountered
----------------------------
Lines Processed
        Main File:    41
         Included:     0
        -----------------
         In Total:    41

Number of Fills Intersecting PA's Volume: 4

Volume of PA to Scan:
        0 <= x <= 134
        0 <= y <= 42
        0 <= z <= 0

Quit

Insert into PA

Erase Entire PA

egun2d.gem                 

Select Edit

Compile Xref

View .ger File

Default Position

X Off +    0.0000

Y Off +    0.0000

Z Off +    0.0000

Scale    1.00000

Az +  0.0000 Deg

El +  0.0000 Deg

Rt +  0.0000 Deg
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4.0 Introduction to Geometry Files - Lab

Files:      C:\Advanced SIMION Class\0.4 Geometry Files Introduction\Lab

Modifying the Trap Geometry File into a Stretched Trap

The contents of the trap geometry file above will be modified to define a Finnigan stretched trap which will
be saved as the STRETCH.GEM geometry file

No After Installation Files Need to be Created

1. Remove all PAs From RAM
2. Use New to load TRAP.GEM from directory:

C:\Advanced SIMION Class\4.0 Geometry Files Introduction\Lab
3. Examine the array with Modify.
5. Click the GeomF button to access the geometry file development system.

6. Click the Edit button to edit the geometry file with EDY.
7. Rename the File STRETCH.GEM

EDY keystrokes:  Esc N STRETCH.GEM  and press Enter
8. Now Let’s save the file, exit EDY and Select and use this file as the geometry file:

Esc Q Y  and you’re back in SIMION.
9. Click the Select button and click both mouse buttons on STRETCH.GEM to make it the currently

selected .GEM file.
10. Use the Erase Entire PA button and then the Insert into PA button to verify that the geometry file

still makes the array OK.

11. Now the task is to shift both end caps 0.76 mm away from the trap center to create a stretched trap.
The nominal scaling of this potential array is 0.1 mm/grid unit.  Thus we need to shift the left end
cap (and its contents) 7.6 grid units to the left and the right end cap 7.6 grid units to its right.

The best strategy is to insert locate commands that have the proper shifts and enclose the proper
electrode definitions.  This will result in the caps being shifted properly.

Go for it!

12. Assuming you’ve given it a good college try and failed.  Use the Select button and click both
mouse buttons on the STRETCH1.GEM file.  Insert the geometry from this file.  It works!  Look
at the file with EDY to see how it was done.



Page 4.0 Lab-2

Files:      C:\Advanced SIMION Class\0.4 Geometry Files Introduction\Lab

Modifying the Trap Geometry File to Include End Cap Apertures

The contents of the trap geometry file will be modified to define apertures in the end caps and then saved as
the HOLE.GEM geometry file.

No After Installation Files Need to be Created

1. Remove all PAs From RAM
2. Use New to load TRAP.GEM from directory:

C:\Advanced SIMION Class\4.0 Geometry Files Introduction\Lab
Look at it with Modify.

3. Click the GeomF button to access the geometry file development system.

4. Click the Edit button to edit the geometry file with EDY.
5. Rename the File HOLE.GEM

EDY keystrokes:  Esc N HOLE.GEM  and press Enter
6. Now let’s Save the file and exit EDY:  Esc Q Y  and you’re back in SIMION.
7. Click the Select button and click both mouse buttons on HOLE.GEM to make it the currently

selected .GEM file.
8. Use the Erase Entire PA button and then the Insert into PA button to verify that the geometry file

still makes the array OK.

9. Now the task is to modify the geometry file to put a 2 mm hole through both end caps.  The
electrodes are all defined in units of mm.  Hint the notin family of commands can be very useful
for this.  Notin_inside works perfectly for this assignment.  A simple notin does not. Why?

You might explore use of both the box and circle commands to make these apertures.

Go for it!

10. Assuming you’ve given it a good college try and failed.  Use the Select button and click both
mouse buttons on the HOLE1.GEM file.  Insert the geometry from this file.  It works!  Look at the
file with EDY to see how it was done.
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defined in x and y and have a ± 106 extent in the z
direction when applied to 3D arrays.

XZ

Circle 3D Array Volume
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❙ All 3D shape commands (e.g. sphere) have their
2D intersection area (z = 0) when applied to 2D
arrays.
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Z

2D Intersection
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2D Array
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5.0 2D3D lab-1

5.0 Geometry Files - Projection and Scaling of 2D and 3D
Geometry files

Files:      C:\Advanced SIMION Class\05. 2D and 3D Projections\2d3d lab

Inserting a Geometry File into Different Sized Arrays

The contents of a geometry file can be scaled to fit within arrays of different sizes.  This lab shows how this
is done

No After Installation Files Need to be Created

1. Remove all PAs From RAM
2. Use New to load intro01.gem from directory:

Files:      C:\Advanced SIMION Class\05. 2D and 3D Projections\2d3d lab
3. Examine the array with View and then Modify.
4. Click the GeomF button to access the geometry file development system.
6. Change the Scale panel from 1.0 (default) to 0.5 to re-scale the geometry definitions to the smaller

potential array.
7. Click the Erase Entire PA button then click the Insert into PA button.  You should now be looking

at the halved scale potential array.
8. Look at the object in View.
9. Follow steps 4-8, changing the scale factor and using the x, y, and z panels to move the object

around in the array.  What happens if you displace it by 20 units in x?

Inserting a Geometry File into 2D and 3D arrays

The contents of a geometry file can be projected into 2D or 3D arrays, fill definitions must be consistent.
This lab demonstrates typical issues.

1. Exit Modify and Remove all PAs from ram.
2. Use New to load intro01.gem from directory C:\….\2D3D lab
3. Go into Modify to access the geometry file development system screen.
4. Use Edit to access Edy, delete the “ ; ” comment from line 2 and insert a “ ; “ at the beginning of line

1.
5. Rename the file 3Dcircle.gem,(keystrokes:  Esc S 3Dcircle.gem and press Enter).
6. Alt-tab back to the geometry development screen, choose quit, then quit out of Modify, and remove all

PAs from Ram.

7. Use New to load the geometry file 3Dcircle.GEM.
8. Go into View.  Now what do you see?  Why?
9. Go into Modify, then to the geometry file development screen.
10. Use Edit to get to the 3Dcircle.gem file
11. Replace the circle(0,0, 50) command with sphere(0,0,0,50) then rename and save the file as

3Dsphere.GEM (keystrokes: Esc N 3Dsphere.GEM,  Enter, Esc S Enter), Alt-tab back to geometry
file development screen, use select to choose 3Dsphere.gem, click the Erase Entire PA button then
click the Insert into PA button.

12. Look at the array in Modify (XYZ view).  Now look at it in View.

13. use the locate panels to offset the object (try x=20). Click the Erase Entire PA button then click the
Insert into PA button. Go into View.  What happened?  Why?



5.0 2D3D lab-2

14. Exit View and remove all PAs from Ram.
15. Using New load the geometry file 3D.GEM.  Look at the array in Modify, how is it different from

what you saw in the 3Dsphere.gem file?  Alt-tab to Edy and look at the 3D.GEM file. (Esc L 3D.gem
Enter).

16. In the Geometry file development screen adjust the x offset by 20.  Erase entire PA and Insert into PA.
Look at the result in Modify and then in View.  How is this different from what you saw in step 13?
Why?



5.0 Einzel lab-1

5.0 Geometry Files:  Creating a geometry file
from scratch
Files:      C:\Advanced SIMION Class\05. 2D and 3D Projections\Einzel lab

Creating a geometry file for an EINZEL lens

A geometry file for an einzel lens will be created.

No After Installation Files Need to be Created

1. Remove all PAs From RAM
2. Load the EINZEL.PA# array with Load
3. Look at the electrode definitions with Modify.
4. Write down, on paper, the image of a geometry file that would create the einzel array.  Try to

include the proper PA_Define if you can.  Seek the assistance of an instructor as necessary.
5. Remove all PAs from Ram.  Use New with the Use Geometry files button to access the file

manager.  Click the Edit button to access EDY.
6. Name the file EINZEL.GEM with EDY (keystrokes: Esc N EINZEL.GEM  then ENTER)
7. Enter the contents into the file from the keyboard.
8. Now Let’s save the file (Esc, S, Enter), alt tab back to the Geometry definition screen and Select

and use this file as the geometry file (Click both buttons on the EINZEL.GEM file’s button).
10. If all is OK the array will be created.  If not, you will be informed.
11. In any event, enter modify and see what you created.
12. Click the GeomF button to begin to change or fix your geometry definitions

13. If you want to see a successful example, look at the EINZEL1.GEM file.
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Z2D Colors Find Find Ö      0.0000 V 1 XY  2 ZY  3 XZ  XYZ  Box
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CL RM
Bx Cr
HyperbLine
Parab
Replac
Edge FCopy
Move
MirrorRotCpy
/AB .Where
Print
GeomF

Y

XZ

Z =     0Z =     0
Z2D Colors Find Find Ö      0.0000 V 1 XY  2 ZY  3 XZ  XYZ  Box
Includ
CL RM
Bx CrHyperb
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MoveMirror
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/AB .
Where
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Y
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Z2D Colors Find Find Ö      0.0000 V 1 XY  2 ZY  3 XZ  XYZ  Box
Includ
CL RM
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MoveMirror
RotCpy
/AB .
Where
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Fill
   {
   IF within  {  circle()   AND   box()   AND   polyline()  }   OR
        within_inside  {  testa   AND   testb  }   OR
        within_inside_or_on  {  testc  }

   BUT notin  {  sphere()   AND   box3d()  }   OR
            notin_inside  {  testd   AND   teste  }   OR
            notin_inside_or_on  {  testf  }
   }

Boolean language rules:
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Locate(position and scale into array area or volume)
{
Locate(position entity 1 in physical volume)

{
Define entity 1 in physical units at origin
}

 Locate(position entity 2 in physical volume)
{
Define entity 2 in physical units at origin
}

; … and so on
}
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Locate(50,50,50,10){
fill{within{sphere(0,0,0,5)}
Locate(0,0,0,1,0,-45){
Locate(0,5){
notin{cent_box(0,0,2,8)}
}}}}
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Locate(50,50,50,10)
{
fill{within{sphere(0,0,0,5)}
     Locate(0,0,0,1,0,-45)
        {
        Locate(0,5)
           {
           notin{cent_box(0,0,2,8)}
           }
        }
     }
}
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Locate(50,50,50,10) ;5:  Scale and center in array
{
fill{within{sphere(0,0,0,5)} ;4:  Define sphere at origin
     Locate(0,0,0,1,0,-45) ;3:  Rotate slot 45 degrees in el
        {
        Locate(0,5) ;2:  Shift slot up 5
           {
           notin{cent_box(0,0,2,8)} ;1:  Define slot at origin
           }
        }
     }
}
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Locate(50,50,50,10) ;6:  Scale and center in array
{
fill{
     Locate(0,0,0,1,0,-45) ;5:  Rotate sphere to slot angle
        {
         Locate(0,5) ;4:  Shift sphere to origin
            {
             notin{cent_box(0,0,2,8)} ;3:  Drill slot at origin
             Locate(0,-5) ;2:  Shift sphere down 5
               {
                within{sphere(0,0,0,5)} ;1:  Define sphere at origin
               }
            }
        }
     }
}
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Locate(50,50,50,10) ;4:  Scale and center in array
{
fill{
     Locate(0,0,0,1,0,-45) ;3:  Rotate sphere and slot to angle
        {
         notin{cent_box(0,5,2,8)} ;2:  Define slot at y = 5
         within{sphere(0,0,0,5)} ;1:  Define sphere at origin
        }
     }
}
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Rotate Fill(90)
  {
  Within{Polyline()}
  Notin{Circle()}
  }

Then swing 90° az and ...

N(0)
  {
   Fill
     {
      Within{Polyline()
                   Box3d()
                  }
     }
   }
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Calling File:

locate() ; position in physical volume
{
e(5) ; set fill type
   { ; call include file
    Include(draw out.gem)
   }
}

Include File:  draw out.gem

locate() ; place at origin
{ ; fill (within-notin)
electrode fill definitions
n(0) ; optional erases
   {
   optional erasing fill(s)
   }
}
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As Defined with MirroringIn Array

135° in details to support
45° alignment changes
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As Defined with MirroringIn Array

Mounting hole aligned
rotated 45°
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Locate(0,0,0,1,90)
   {
   rotate_fill(180)
      {
      within{polyline(x,y,
                                x,y,
                                …)
                 }
      }
   }

Edge Face Iso
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N(0) ; erasing fill
{
fill ; community fill
   {
   Locate()  ; dummy locate
      { ; orient drill
      Locate(0,1.4,-.31,1,0,0,-90)
         {
         Within_inside
            { ; drill hole
            Cylinder(0,0,.001,.04,.4)
            }
         }
      }
   }
}

Mounting Hole

Mounting Hole



Page 7-7The Idaho National Engineering and Environmental Laboratory

!��		�#���"��������������	


(Copy 1st and modify)
; swing 90 deg. in el.

Locate(0,0,0,1,0,-90)
      { ; orient drill
      Locate(0,1.4,-.31,1,0,0,-90)
         {
         Within_inside
            { ; drill hole
            Cylinder(0,0,.001,.04,.4)
            }
         }
      } Mounting Hole

Mounting Hole
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; swing into position
Locate(0,0,0,1,0,-45)
   {
   locate(0,1.65) ; mounting circle
      {
      within_inside{cylinder(lft insul)}
      within_inside{cylinder(hole)}
      within_inside{cylinder(rht insul)}
      }
   }

Mounting Hole

Mounting Hole
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(Copy of 1st mounting hole)
; swing into position

Locate(0,0,0,1,0,-135)
   {
   locate(0,1.65) ; mounting circle
      {
      within_inside{cylinder(lft insul)}
      within_inside{cylinder(hole)}
      within_inside{cylinder(rht insul)}
      }
   }

Mounting Hole

Mounting Hole

Mounting Hole

Mounting Hole
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; swing -22.5 deg in el
Locate(0,0,0,1,0,-22.5)
{
Within_inside
   { ; define 3D box

; on mounting
 ; circle radius
   box3d(-.3,1.5,-.201,.3,2,.001)
   }
}

Wire Slot

Wire Slot
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(copy 1st slot twice)

; swing -67.5 deg 2nd
Locate(0,0,0,1,0,-67.5)
{
Within_inside
   { ; define 3D box

; on mounting
 ; circle radius
   box3d(-.3,1.5,-.201,.3,2,.001)
   }
}

; swing -112.5 deg 3rd
 Locate(0,0,0,1,0,-112.5)
{
(second copy of slot)
}

Wiring Slots

Wiring Slot

Wiring Slots

Wiring Slot
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8. Geometry Files – Creating 2D and 3D GEM files

Files:      C:\Advanced SIMION Class\08. Creating Geometry File\Lab

Creating geometry files for an electron gun using 2D and 3D definitions

Create a gem file for the electron gun shown in Figure 8.1

No After Installation Files Need to be Created

1. Referring to Figure 8.1, create a gem file that will produce the 2D electron gun.  Use real units (inches)
in your geometry file and a locate command to scale the system to fit into an array of 140 x 45 x 45
grid units.  If you get stuck, refer to the file egun2d.gem.  Fly the ions in the file egun2d.fly with the
gun set to produce electrons with 70 eV of energy.  Tune the lens to focus the beam within the final
aperture.

2. Referring to Figure 8.2 and 8.3, create a gem file that will produce the 3D electron gun.  Use real units
(inches) in your geometry file and a locate command to scale the system to fit into an array of 140 x 45
x 45 grid units.  Fly the ions in the file egun3d1.fly with the gun set to produce electrons with 70 eV of
energy.  If you get stuck, or to see several different approaches to solving this, refer to the files
egun3d1.gem and egun3d2.gem.

0.420 in

     1.050 in

0.070 in

0.030 in

0.060 in

0.010 in

0.250 in 0.200 in

0.240 in

0.050 in

0.420 in

0.290 in

0.030 in

0.970 in

Figure 8.1  2D cylindrically symmetric electron gun.
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0.400 in 0.420 in

     1.050 in

0.070 in

0.150 in

0.130 in

0.010 in

0.970 in

0.250 in 0.200 in

0.240 in

0.050 in

0.420 in

0.290 in

0.030 in

Figure 8.2 3D electron gun, symmetric about the X axis.  Filament is 0.012” wide (Z in this
view).

For the Speedy

3. Add a set of X-Y deflectors to the exit of the electron gun, check your design for beam distortion, how
can this be minimized?

Figure 8.3 Isometric view of 3D electron gun design.  Filament is 0.012” wide.
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Block Diagram of Trajectory Calculations and Where User Program Segments are Called

Start Fly’m

Compile All User Programs, RESET ADJUSTABLE VARIABLES and ARRAYS,

While Single Run Not Made or in Rerun Mode

Create all Ions - Then SEG INITIALIZE each Ion

Before Flying any Ions Call SEG INIT_P_VALUES

While Ions Remain to be Flown

Before Flying Next Ion or Group - RESET STATIC VARIABLES AND ARRAYS

and Let User ACCESS ADJUSTABLE VARIABLES

Select Next Ion or Group and Start to Fly it

While Selected Ion or Group Still Flying

Determine Next Time Step to Use - Then SEG TSTEP_ADJUST

Integration Controller

SEG OTHER_ACTIONS

Compute Ion Replsions - If Active

Find Electrostatic Instance (If Any) - Then SEG FAST_ADJUST

Compute E Fields - Then SEG EFIELD_ADJUST

Compute E Acceleration - Then SEG_ACCEL_ADJUST

Find Magnetic Instance (If Any) - Then SEG FAST_ADJUST

Compute M Fields - Then SEG MFIELD_ADJUST

Compute M Acceleration - Then SEG ACCEL_ADJUST

Call SEG TERMINATE

Restore any SEG INIT_P_VALUES and/or
PE Updated Potentials

End of Fly’m

If PE Pot. Update
Call SEG

FAST_ADJUST

Single Time Step

After ALL Ions Splat

Apply Relativistic Total Acceleration Corrections as Required

Initialize

Init_P_Values

          Tstep_Adjust

          Fast_Adjust

          Efield_Adjust
          Mfield_Adjust

          Accel_Adjust

          Other_Actions

Terminate

The Idaho National Engineering and Environmental Laboratory Page 9-6
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Define_Adjustable Viscous_Damping  0 ; adjustable variable Viscous_Damping

 ; set to 0 (no viscous damping by default)
; adjustable at the beginning of each

Fly’m

 Begin_Segment Accel_Adjust ; start of Accel_Adjust program segment

Recall Ion_Ax_mm ; recall current x acceleration (mm/usec2)
Recall Ion_Vx_mm ; recall current x velocity (mm/sec)
Recall Viscous_Damping ; recall the viscous damping term
Multiply ; multiply times x velocity
Subtract ; and subtract from x acceleration
Store Ion_Ax_mm ; return adjusted value to SIMION

Recall Ion_Ay_mm ; recall current y acceleration (mm/usec2)
Recall Ion_Vy_mm ; recall current y velocity (mm/sec)
Recall Viscous_Damping ; recall the viscous

.

.

.
Exit ; exit to SIMION (optional statement)
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Session  9 - Lab on User Programs

Files:      C:\Advanced SIMION Class\09. User Program Introduction\Lab

Using an Existing User Program

The best way to start programming is to steal, steal, steal.

1. Remove all PAs From RAM
2. Use New to create a new array using EINZEL.GEM from directory

C:\Advanced SIMION Class\09. User Program Introduction\Lab
3. Save the array as EINZEL.PA# and then Refine it.
4. Remove all PAs From RAM
5. Use View to load EINZEL.IOB (EINZEL.FLY loads automatically)
6. Fly the ions and see that they focus properly.

7. Now exit View and click on the GUI file manager button
8. Select the file named RANDOM.PRG, click the Other button and rename the file to

EINZEL.PRG.
9. Return to the main SIMION menu.
10. Notice that the Test & Debug Selected  PA’s User Progs button is unblocked.  SIMION has

recognized that there is now a user program associated with the EINZEL.PA0 potential array.
Click the Test & Debug button to access the user program development system (just a quick look).

11. Click the Compile button and the program will be compiled.  If you want a cross reference listing
depress the Show Xref Listing button and then click the Compile button again.  If you want to
look at this cross reference listing, scroll the view using the window’s lower right hand corner
button.

12. To examine the user program file with EDY click the Edit:  EINZEL.PRG button.  Look at the
listing.  Exit EDY by the following keystrokes:  ESC Q N.

13. Click the Compile button again to verify everything is OK.  Now click the Quit key to return to
the main menu.

14. Re-enter View and fly the ions.  SIMION will compile the user programs and display the
adjustable variables.  Click the E Fmt button to switch from E to F format display.  Now fly the
ions with the default settings.  What a mess!

15. You can turn off the user programs for a single run.  Click Fly’m and then Click the On button to
turn the user program off, and then fly the ions.

16. Re-Fly the ions with various adjustable variable settings and see what happens.  Are the results
reasonable?

17. Perhaps you would like to change the starting values for the adjustable variables in the user
program.  Click the PAs tab and then the Debug button to access the user program development
screen.  Now click the Edit button to access the user program file with EDY.  Change the starting
values of the adjustable variables.  Now save the file and exit from EDY:  ESC Q Y.  Click the
Compile button to check for compile errors.  Now click the Quit button to return to View.  Re-Fly
the ions to confirm that the changes in initial value have been made successfully
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Adding a User Program Segment

User programs generally develop by evolution.  In this can we would like to exert some user control from
the keyboard.   The object is to create a marker every time a keyboard key is pressed.  This is really a very
simple task.

1. Click the PAs tab and then the Debug button to access the user program development screen.
Now click the Edit button to access the user program file with EDY.

2. Add the following two lines at the bottom of the file:

seg other_actions
key? x!=0 mark

The first line defines the start of an Other_Actions program segment.  The second line has three
commands:

key? Tests for keyboard input and returns a non-zero key code if you hit a key

x!=0 Tests the return value from key? for a non-zero value (you hit a key)
If the value is non-zero the next instruction will be executed (do if true) else it
will be skipped and the program segment will exit without doing anything.

mark This command creates a single marker.  It uses the currently selected marker
color and can be used as a trigger event for data recording.  The mark command
is executed if the x!=0 test is true.

3. Now save the changes and exit EDY:  ESC Q Y.   Test compile your efforts.  If you have an error
fix it with EDY.  Keep trying until it compiles OK.  Now click the Quit button to return to View.

4. Fly the ions as dots with the speed slider to the center to slow the ions down a bit.  Hit the
spacebar and watch for markers.  Can you create markers anywhere?  What is the problem?
Remember,  an array’s user program will only be called when ions are actually within its
instance’s array volume.

Additional Challenges

1. Modify the user program to output the ion’s x, y, and z position in workbench coordinates (mm)
when you hit a key.  Hint:   The MESSAGE, LBL, GTO, and EXIT commands might be helpful.

2. Change this program to output x, y, and z in 3D array coordinates and then in absolute array
coordinates.

3. For a real challenge calculate and display the ion’s KE when you hit a key.  Hint: The >P3D and
>KE transforms might be helpful.
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10.0 lab-1

Session  10 - Lab on User Programs

Files:      C:\Advanced SIMION Class\10. User Program Introduction\Lab

Modifying an Existing User Program

The best way to start programming is to steal, steal, steal.

1. Remove all PAs From RAM
2. From View load the file tune.iob from directory

C:\Advanced SIMION Class\10. User Program Introduction\Lab
3. Fly the ions.  Note the tuning voltage displayed in the data window.  Compare this with the

voltage on the middle electrode in the view screen.  Why are they different?
4. Click the PAs tab and then the Dbug button to get to the User Program file screen.
5. Click edit to see the user program in EDY.  Find the Terminate Segment and using the

Retain_Changed_Potentials variable modify this segment so that the last potential used is kept and
displayed in the view screen.  Save your changes (Exc, S, Y) then alt tab back to the user program
screen and compile the altered program.  If it compiles, quit back to SIMION and fly the ions
again.

6. Now compare the voltage displayed in the data window with that in the view window for the
middle electrode.  They should not agree.  Why?

7. Now fly the ions on a Potential Energy surface. Compare the voltage displayed in the data window
with that in the view window for the middle electrode.  They should agree.  Why?

8. Get to the ion definition screen and increase the number of ions being flown to 15 for each group.
9. Fly the ions with a goal of 1 e-5 and time how long it takes to complete all trajectories. (It will

abort after 20 iterations).  Write down the time.
10. Get back to the User Program screen, and then into the user program in EDY.
11. Modify the program to use the Init_P_Values segment instead of Fast_Adjust to set the voltage.

(Hint, put ; at the beginning of the lines in the Fast_adjust segment that change the voltages, and
add a Segment Init_P_Values just below it, adjusting the same electrode.)

12. Save your changes, compile the program and fly the ions using the same goal value (1 e-5).  Time
how long this version takes to run through 20 iterations.  Why is it faster?

13. Use manual fast adjust to set the middle electrode to 300 volts.  Now fly the ions in a 2D (xy)
view using Init_P_Values. Compare the voltage displayed in the data window with that in the
view window for the middle electrode.  They should agree.  Why?

Explain what is going on!  Hint: Under what conditions does the potential of the entire array
change under program control?
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Define_Data Defines Global variables and arrays
Init_P_Values Pre-sets fast adjust potentials (new)

Initialize Initializes ion’s starting parameters
Tstep_Adjust Controls time step size used
Fast_Adjust Fast adjusts potentials as ions fly
Efield_Adjust Adjusts electrostatic fields
Mfield_Adjust Adjusts magnetic fields
Accel_Adjust Adjusts ion accelerations
Other_Actions Post tstep control of ion’s parameters
Terminate Post flight analysis and rerun control

Only one segment of each type can be in a user program file
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Block Diagram of Trajectory Calculations and Where User Program Segments are Called

Start Fly’m

Compile All User Programs, RESET ADJUSTABLE VARIABLES and ARRAYS,

While Single Run Not Made or in Rerun Mode

Create all Ions - Then SEG INITIALIZE each Ion

Before Flying any Ions Call SEG INIT_P_VALUES

While Ions Remain to be Flown

Before Flying Next Ion or Group - RESET STATIC VARIABLES AND ARRAYS

and Let User ACCESS ADJUSTABLE VARIABLES

Select Next Ion or Group and Start to Fly it

While Selected Ion or Group Still Flying

Determine Next Time Step to Use - Then SEG TSTEP_ADJUST

Integration Controller

SEG OTHER_ACTIONS

Compute Ion Replsions - If Active

Find Electrostatic Instance (If Any) - Then SEG FAST_ADJUST

Compute E Fields - Then SEG EFIELD_ADJUST

Compute E Acceleration - Then SEG_ACCEL_ADJUST

Find Magnetic Instance (If Any) - Then SEG FAST_ADJUST

Compute M Fields - Then SEG MFIELD_ADJUST

Compute M Acceleration - Then SEG ACCEL_ADJUST

Call SEG TERMINATE

Restore any SEG INIT_P_VALUES and/or
PE Updated Potentials

End of Fly’m

If PE Pot. Update
Call SEG

FAST_ADJUST

Single Time Step

After ALL Ions Splat

Apply Relativistic Total Acceleration Corrections as Required

Program Segments

Initialize
Init_P_Values
Tstep_Adjust
Fast_Adjust

Efield_Adjust
Mfield_Adjust
Accel_Adjust
Other_Actions

Terminate
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Variable Name Us e Units Re ad Acce s s Write Ac ce s s
Adj_Elect00 to
Adj_Elect30

Fast Adj Electrode1

Voltages
Volts Fast_Adjust

Init_P_Values
Fast_Adjust
Init_P_Values

Adj_Pole00 to
Adj_Pole30

Fast Adj Pole1

Mag Potentials
Mags Fast_Adjust

Init_P_Values
Fast_Adjust
Init_P_Values

Ion_Ax_mm
Ion_Ay_mm
Ion_Az_mm

Ion’s current
Acceleration
(WB  Coordinates)

mm/micro sec2

(WB Orientation)

Accel_Adjust
Other_Actions
Terminate

Accel_Adjust

Ion_BfieldX_gu
Ion_BfieldY_gu
Ion_BfieldZ_gu

Magnetic Field
at Ion’s Location
(PA’s Orientation)

Gauss
(PA’s Orientation) Mfield_Adjust Mfield_Adjust

Ion_BfieldX_mm
Ion_BfieldY_mm
Ion_BfieldZ_mm

Magnetic Field
at Ion’s Location
(WB Orientation)

Gauss
(WB Orientation)

Accel_Adjust
Other_Actions
Terminate

None

Ion_Charge Ion’s current charge in units of
elementary charge

Any Prog Seg
except
Init_P_Values

Initialize
Other_Actions

Ion_Color Color of Ion 0-15 Initialize
Other_Actions

Initialize
Other_Actions

Ion_DvoltsX_gu
Ion_DvoltsY_gu
Ion_DvoltsZ_gu

Voltage Gradient
at Ion’s Location
(PA’s Orientation)

Volts/grid unit
(PA’s Orientation) Efield_Adjust Efield_Adjust

Ion_DvoltsX_mm
Ion_DvoltsY_mm
Ion_DvoltsZ_mm

Voltage Gradient
at Ion’s Location
(WB Orientation)

Volts/mm
(WB Orientation)

Mfield_Adjust
Accel_Adjust
Other_Actions
Terminate

None

Ion_Instance Current Instance 1- max instance Any Prog Seg
except
Init_P_Values

None

Ion_Mass Ion’s current mass amu Any Prog Seg
except
Init_P_Values

Initialize
Other_Actions

Ion_mm_Per_Grid_Unit Min Current Scaling2 mm/grid unit Any Prog Seg
except
Init_P_Values

None

Ion_Number Ion’s Number 1- max ion Any Prog Seg
except
Init_P_Values

None

Variable  Name Us e Units Read Acces s Write  Acces s
Ion_Px_Abs_gu
Ion_Py_Abs_gu
Ion_Pz_Abs_gu

Ion’s current PA
Array Coordinates

grid units
(PA’s Abs
Coordinates)

Any Prog Seg
except
Init_P_Values

None

Ion_Px_gu
Ion_Py_gu
Ion_Pz_gu

Ion’s current
(PA’s  Coordinates)

grid units
(PA’s Coordinates)

Any Prog Seg
except
Init_P_Values

None

Ion_Px_mm
Ion_Py_mm
Ion_Pz_mm

Ion’s current
Workbench
Coordinates

mm
(WB Coordinates)

Any Prog Seg
except
Init_P_Values

Initialize
Other_Actions

Ion_Splat Ion Status Flag3 Flying = 0
Not Flying != 0

Initialize
Other_Actions

Initialize
Other_Actions

Ion_Time_of_Birth Ion’s Birth Time micro seconds Any Prog Seg
except
Init_P_Values

Initialize
Other_Actions

Ion_Time_of_Flight Ion’s current TOF4 micro seconds Any Prog Seg
except
Init_P_Values

Other_Actions

Ion_Time_Step Ion’s Time Step5 micro seconds All but
Initialize and
Init_P_Values

Tstep_Adjust

Ion_Volts
Electrostatic Pot
at Ion’s Location Volts

Efield_Adjust
Mfield_Adjust
Accel_Adjust
Other_Actions
Terminate

Efield_Adjust

Ion_Vx_mm
Ion_Vy_mm
Ion_Vz_mm

Ion’s current
Velocity
(WB  Coordinates)

mm/micro sec
(WB Orientation)

Any Prog Seg
except
Init_P_Values

Initialize
Other_Actions

Rerun_Flym Rerun Flym Flag6 NO  = 0
YES = 1

Initialize
Other_Actions
Terminate

Initialize
Other_Actions
Terminate

Trajectory_Image_Control Controls Trajectory
Image Viewing and
Recording7

Value View Retain
0 YES YES
1 YES NO
2 NO YES
3 NO NO

Initialize
Other_Actions
Terminate

Initialize
Other_Actions
Terminate

Retain_Changed_Potentials Controls restoring of
changed potentials at
end of Fly’m8

NO   =   0 (default)
YES =   1

None Terminate

Update_PE_Surface New PE Surface9 YES != 0 None Other_Actions
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                                +        0.000000Single_Run_if_one
                                +        0.000000_Bx_Gauss
                                +        0.000000_Primary_Beam_Charging
                                -       10.000000left_voltage
                                +       10.000000right_voltage
                                +        2.000000_Convergence_Objective
                                +    1,000.000000step_limit
                                +        0.000000target_voltage
                                +        0.000000use_defined_max_min_if_one
                                +      100.000000starting_max_voltage
                                -      100.000000starting_min_voltage
                                +      100.000000max_voltage
                                -      100.000000min_voltage
                                +        0.000000use_special_pos_if_one
                                +       89.000000_Cone_Angle_Off_Vel_Axis
                                +        6.000000_Random_Offset_mm
                                +        0.000000n_extracted
                                +        0.000000net_charge
                                +        0.000000p_count
                                +        0.000000n_count
                                +        0.000000e_count
                                +        0.000000p_charge
                                +        0.000000n_charge
                                +        0.000000e_charge
                                +        0.000000first_flym
                                +        0.000000first_ion
                                +        0.000000finished
                                +        0.000000ke_m_025
                                +        0.000000ke_m_05

Fly ON ALL E Fmt As Defined Sorted Adjustable

                                +        0.000000_Bx_Gauss
                                +        0.000000_Primary_Beam_Charging
                                +        2.000000_Convergence_Objective
                                +       89.000000_Cone_Angle_Off_Vel_Axis
                                +        6.000000_Random_Offset_mm

Fly ON _OK E Fmt As Defined Sorted Adjustable

Normal PAs WrkBnch Contur Z3D AdjVAdjV

                        +        0.000000_Bx_Gauss

                        +        0.000000_Primary_Beam_Charging

                        +        2.000000_Convergence_Objective

All
Adjustable
Variables

_OK
Leading

Underscore
Adjustable
Variables

AdjV runtime Screen
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● ��	��'�������	;	*����
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Adefa aflags 20 ;”defaults.dat” adjustable flags -- initialized
Adefs sflag    500  ; static array flag -- zeroed for each ion

1 arcl aflags ; simple recall (x = aflags[1])
0 1 sto aflags ; simple store (aflags[1] = 0)

defa flag 0  ;flag shown at start (unless _OK underscore)

rcl flag
1 sto flag
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IOB Load Save Beams X Y Z Hidden Clip

Ions Def Rerun V R Keep Del +  3 Stp

Dots Grouped No Charge Repulsion

WB View

x

y

z x

y

z

E
MXY ZY XZ 3D Iso

Bx Cut Edg 3

Z = -Z3D 0 +Z3D

2D(xy) x:860.712012, y:-166.462467 mm

Normal PAs WrkBnch Contur Z3D AdjV WB View PE View

Quit

Fly'm

mm

gu  1

/AB .

Where

Align

Colors

Print

Vew RD

Stp >

------ Begin Next Fly'm ------
Relativistic ke -> v Test
An electron with ke = its rest mass
 v   =  c * sqrt(0.75)
 v   =  2.59627884e+005 mm/usec (expected)
 v   =  2.59627883e+005 mm/usec (SIMION)
 ke  =  5.1099906 e+005 eV (rest mass ke)
 ke  =  5.10999056e+005 eV (SIMION v >KE fn)
 tof =  1000mm / v ;array and workbench 1000mm lon
 tof =  3.85166641e-003 usec (expected)
 tof =  3.85166643e-003 usec (SIMION)

Non-Relativistic ke -> v Test
A proton with ke = 1eV
 v   =  sqrt(2 * ke/m)
 v   =  1.38411203e+001 mm/usec (expected)
 v   =  1.38411204e+001 mm/usec (SIMION)
 ke  =  1.0000000 e+000 eV (defined ke)
 ke  =  9.99999998e-001 eV (SIMION v >KE fn)
 tof =  1000mm / v     ;array and workbench 1000mm
 tof =  7.22484869e+001 usec (expected)
 tof =  7.22484865e+001 usec (SIMION)

1. Ke to Velocity 
(Test Demo)
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1. Ke to Velocity (Test Demo)

Parameters of Selected Ion Group

Cancel OK Positions & Angles Relative to PA Instance 1(1) Origin

Define Ions by Groups Define Ions Individually

Time Markers Draw Marker Steps 1.000e+00 usec. Color  1Color

Data Recording Record Define To Dev/File: NUL         File Manager

N =     1 Ions Color  1Color CWF =   1.000 Delta TOB = 0.00000e+00 usec

First Ion's Mass 5.485799030e-04 amu Delta Mass   0.000000000e+00 amu

First Charge -    1.000 Units Delta Charge + 0.0000 Units

First x    +      0.0000 gu Delta x +      0.0000 gu

First y    +      3.0000 gu Delta y +      0.0000 gu

First z    +      0.0000 gu Delta z +      0.0000 gu

First Az Angle +  0.000000 Deg Delta Az     + 0.000000 Deg

First El Angle +  0.000000 Deg Delta El     + 0.000000 Deg

First Ion's KE    5.109990600e+05 eV Delta KE       0.000000000e+00 eV

ke to v to ke tests.fly    Load .FLY Save Merge

Trajectory Group  1(  ) 2 Use Electrons Use Protons

Default Grp Restore Grp Cut Grp Copy Grp Paste Grp Swap UP Swap DN

 

What Data Elements to Record

When to Record These Data Elements

Format to Use For Recorded Data

Cancel OK
Undo Default

Blank Ion
ke to v to ke tests.rec    Load Save

Ion n Events TOF Mass Charge Instance En Instance Mn

X Y Z Vt Azm Elv Vx Vy Vz Accl Ax Ay Az

E grad E dE/dx dE/dy dE/dz B Bx By Bz KE KE Error

Ion's Start Ion's Every Time Step Ion's Splat All Markers

Entering an Instance Crossing Discontinuities Velocity Reversals

X= +      0.000 mm Y= +      0.000 mm Z= +      0.000 mm

Include Header Date & Time Flight Settings Describe Ions

Notes:                                                            

Verbose Delimited By: , F E G Width 16 Precision  8

 0 Leading Spaces Form Feed: Before Each Ion After Each Fly'm

Ion Definitions Data Recording
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1. Ke to Velocity (Test Demo)
seg other_actions

rcl ion_splat x=0 exit ;exit if ion hasn’t splatted
1 rcl ion_mass x>y goto ions ;jump if proton

;else output relativistic electron data
message ;Relativistic ke -> v Test
message ;An electron with ke = its rest mass

;relativistic velocity from
; 2 = 1/(sqrt(1 - v*v/c*c))

message ; v   =  c * sqrt(0.75)
; given c = 2.99792458e+005 mm/usec

message ; v   =  2.59627884e+005 mm/usec (expected)
rcl ion_vx_mm ; velocity at splat
message ; v   = # mm/usec (SIMION)

; rest mass of electron
; and starting ke

message ; ke  =  5.1099906 e+005 eV (rest mass ke)
rcl ion_mass ; get mass of electron
rcl ion_vx_mm ; get its exit velocity
>ke ; convert back to ke as check
message ; ke  = # eV (SIMION v >KE fn)

;equation for const velocity tof
message ; tof =  1000mm / v ;array and workbench 1000mm long

;tof assuming expected velocity
message ; tof =  3.85166641e-003 usec (expected)
rcl ion_time_of_flight ;tof computed by SIMION
message ; tof = # usec (SIMION)
message ;
exit

lbl ions ;proton data output
message ;Non-Relativistic ke -> v Test
message ;A proton with ke = 1eV
message ; v   =  sqrt(2 * ke/m)

; v   =  sqrt(2.0 * 1.60217733e-19/1.6726231e-27)
;where  1eV = 1.60217733e-19 J
;    proton’s mass = 1.6726231e-27 kg

message ; v   =  1.38411203e+001 mm/usec (expected)
rcl ion_vx_mm ; velocity at splat
message ; v   = # mm/usec (SIMION)

; defined initial ke
message ; ke  =  1.0000000 e+000 eV (defined ke)
rcl ion_mass ; get mass of proton
rcl ion_vx_mm ; get its exit velocity
>ke ; convert back to ke as check
message ; ke  = # eV (SIMION v >KE fn)

;equation for const velocity tof
message ; tof =  1000mm / v ;array and workbench 1000mm long

;tof assuming expected velocity
message ; tof =  7.22484869e+001 usec (expected)
rcl ion_time_of_flight ;tof computed by SIMION
message ; tof = # usec (SIMION)
exit
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● Recommended Strategies
● Use auto-loading FLY (or ION) and REC files
● Control displayed number format with REC

file
● Use self-evident message output if possible

via Initialize, Other_Actions, Terminate,
and/or data recording (REC)

● Hide Adjustable Variables from user (e.g.
_Voltage (shown), flag (hidden), or via arrays)
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_Random Directory

Initialize
Input Ions

Group of ions with identical
starting parameters.

Adjustable Variables

Percent_Energy_Variation
Cone_Angle_Off_Vel_Axis
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Get ion’s velocity components from SIMION
Convert to 3D polar and save speed plus az and el angles

get ion_mass, recall speed, convert to ke, and save ke
use rand and percent_energy_variation to randomize ke
get ion_mass, recall new ke, convert to v, and save speed

assume ion flying vertical
randomize el off vertical by cone angle
randomize az to +- 180 degrees
convert to rectangular 3D coords
rotate vector -90 in elevation (restores a starting point)

rotate vector initial el angle
rotate vector initial az angle
pass ion’s velocity components back to SIMION

Get polar v components

Compute KE
Randomize KE

Convert to v

Create random conical
pattern in vertical

Convert to 3D Rectangular
Swing back to az = el = 0

Rotate entry el
Rotate entry az

Pass V Rect. to SIMION
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;--------------------------------------------------------------------
; this user program randomly changes the initial ke and direction of ions
; energy is randomly changed +- Percent_Energy_Variation * ke
; ions are emitted randomly within a cone of revolution around the
; ion’s defined velocity direction axis
; the full angle of the cone is +- Cone_Angle_Off_Vel_Axis
; (e.g. 90.0 is full hemisphere, 180 is a full sphere)
;--------------------------------------------------------------------

;--------- you can use it with your own lenses without modification ----------
;            (just rename user program file using your pa’s name)
;------ Note: you can also modify the emission distributions as desired ------
defa Percent_Energy_Variation     50    ; (+- 50%) random energy variation
defa Cone_Angle_Off_Vel_Axis      90    ; (+- 90 deg) cone angle hemisphere

seg initialize                          ; initialize ion’s velocity and direction
        ;------------------- get ion’s initial velocity components -------------
        rcl ion_vz_mm                   ; get ion’s specified velocity components
        rcl ion_vy_mm
        rcl ion_vx_mm

        ;------------------- convert to 3d polar coords -------------
        >p3d                            ; convert to polar 3d

        ;------------------- save polar coord values ----------------
        sto speed rlup                  ; store ion’s speed
        sto az_angle rlup               ; store ion’s az angle
        sto el_angle                    ; store ion’s el angle

        ;------------------- make sure Percent_Energy_Variation is legal -------------
                                ; force 0 <= Percent_Energy_Variation <= 100
        rcl Percent_Energy_Variation abs
        100 x>y rlup sto Percent_Energy_Variation

        ;------------------- make sure Cone_Angle_Off_Vel_Axis is legal -------------
                                ; force 0 <= Cone_Angle_Off_Vel_Axis <= 180
        rcl Cone_Angle_Off_Vel_Axis abs
        180 x>y rlup sto Cone_Angle_Off_Vel_Axis

        ; ---------------------- calculate ion’s defined ke -------------
        rcl ion_mass                    ; get ion’s mass
        rcl speed                       ; recall its total speed
        >ke                             ; convert speed to kinetic energy
        sto kinetic_energy              ; save ion’s defined kinetic energy

; ---------------------- compute new randomized ke -------------
                                        ; convert from percent to fraction
        rcl Percent_Energy_Variation 100 /
        sto del_energy 2 * rand *       ; fac = 2 * del_energy * rand
        rcl del_energy - 1 +            ; fac += 1 - del_energy
        rcl kinetic_energy *            ; new ke = fac * ke

        ; ---------------------- convert new ke to new speed -----------
        rcl ion_mass                    ; recall ion mass
        x><y                            ; swap x any y
        >spd                            ; convert to speed
        sto speed                       ; save new speed

        ;-- compute randomized el angle change 90 +- Cone_Angle_Off_Vel_Axis -------
        ;-------- we assume elevation of 90 degrees for mean ----------
        ;-------- so cone can be generated via rotating az +- 90 -------
                                    ; (2 * Cone_Angle_Off_Vel_Axis * rand)
        2 rcl Cone_Angle_Off_Vel_Axis * rand *
                                    ;  - Cone_Angle_Off_Vel_Axis + 90
        rcl Cone_Angle_Off_Vel_Axis - 90 +

        ;-------------- compute randomized az angle change ------------
        ;--------- this gives 360 effective because of +- elevation angels ---
        180 rand * 90 -                 ;          +- 90 randomized az

        ;---------------------- recall new ion speed ------------------
        rcl speed                       ; recall new speed

        ;--------- at this point x = speed, y = az, z = el --------------
        ;------------- convert to rectangular velocity components ---------
        >r3d                            ; convert polar 3d to rect 3d

        ;------------- el rotate back to from 90 vertical -------------
        -90 >elr

        ;------------- el rotate back to starting elevation -------------
        rcl el_angle >elr

        ;------------- az rotate back to starting azimuth -------------
        rcl az_angle >azr

        ;------------- update ion’s velocity components with new values --------
        sto ion_vx_mm                   ; return vx
        rlup
        sto ion_vy_mm                   ; return vy
        rlup
        sto ion_vz_mm                   ; return vz

        ;---------------------- done -----------------------------------------
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Molecular Ion Energy Distribution

y = 347.22x6 - 866.99x5 + 819.18x4 - 358.17x3 + 71.686x2 - 2.9558x + 0.0112

R2 = 0.9997
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;molecular energies
rand sto x

;get random number x (0-1)
0.0112

; +0.0112
2.9558 rcl x * - ; -2.9558x
71.686 rcl x   rcl x * sto xpower * + ; +71.686x^2
358.17 rcl xpower rcl x * sto xpower * - ; -358.17x^3
819.18 rcl xpower rcl x * sto xpower * + ; +819.18x^4
866.99 rcl xpower rcl x * sto xpower * - ; -866.99x^5
347.22 rcl xpower rcl x * sto xpower * + ; +347.22x^6
abs
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 ion mass          =  1.50000000e+002 amu
 dy (at stop time) =  3.91737596e+000 mm (expected from theory)
 dy (at stop time) =  3.91737596e+000 mm (SIMION)
 dy (at ion splat) =  3.91737596e+000 mm (SIMION)

 ion mass          =  5.00000000e+002 amu
 dy (at stop time) =  1.17521279e+000 mm (expected from theory)
 dy (at stop time) =  1.17521279e+000 mm (SIMION)
 dy (at ion splat) =  1.17521279e+000 mm (SIMION)

 ion mass          =  5.00000000e+003 amu
 dy (at stop time) =  1.17521279e-001 mm (expected from theory)
 dy (at stop time) =  1.17521279e-001 mm (SIMION)
 dy (at ion splat) =  1.17521279e-001 mm (SIMION)

 ion mass          =  5.00000000e+004 amu
 dy (at stop time) =  1.17521279e-002 mm (expected from theory)
 dy (at stop time) =  1.17521279e-002 mm (SIMION)
 dy (at ion splat) =  1.17521279e-002 mm (SIMION)
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If TOF >= left  then right test
If TOF + TS < left then exit
ion_time_step = left - TOF
exit

LBL right test
If TOF >= right then exit
If TS > MAX then TS = MAX
If TOF + TS < right then exit
ion_time_step = right - TOF
exit

The Idaho National Engineering and Environmental Laboratory Page 11-24

+����!�+
�����!��  �
��(

● ��	(����,��'���	���	#����,�
�����

Kill Radius = 25 mm
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Other_Actions Control

If boundary crossed
if not too close
restore prior ion state
save time_step
set half step flag

else
save ion’s state
(Px,Py,Pz,
Vx,Vy,Vz,TOF)

Tstep Control

If half step flag not set
exit

else
get saved time_step
halve it
save to ion_time_step
clear half step flag
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Selectively use
seg efield_adjust ;quadrupolar field

3 rcl ion_number x<=y exit ;use refined field <= 3

rcl ion_px_mm entr * ; x^2
rcl ion_py_mm entr * - ; (x^2 - y^2)
10 / sto ion_volts ; (x^2 - y^2)/10
rcl ion_px_mm 0.2 * ; volts/mm x gradient
rcl ion_mm_per_grid_unit * ; volts/gu x gradient
sto ion_dvoltsx_gu ; pass to SIMION
rcl ion_py_mm -0.2 * ; volts/mm y gradient
rcl ion_mm_per_grid_unit * ; volts/gu y gradient
sto ion_dvoltsy_gu ; pass to SIMION
0 sto ion_dvoltsz_gu ; no field in z
exit

Compute and store
potential

Compute and store
x gradient

Compute and store
y gradient

Zero z gradient
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seg accel_adjust ; beginning of accel_adjust segment

    rcl ion_time_step x=0 exit ; exit if zero time step
    rcl linear_damping x=0 exit ; exit if damping set to zero
    abs sto damping ; force damping term to be positive
    * sto tterm ; compute and save number of time constants
    chs e^x 1 x><y - ; (1 - e^(-(t * damping)))
    rcl tterm / sto factor ; factor = (1 - e^(-(t * damping)))/(t * damping)

    rcl ion_ax_mm ; recall ax acceleration
    rcl ion_vx_mm ; recall vx velocity
    rcl damping * - ; multiply times damping and sub from ax
    rcl factor * ; multiply times factor
    sto ion_ax_mm ; store as new ax acceleration

    rcl ion_ay_mm ; recall ay acceleration
    rcl ion_vy_mm ; recall vy velocity
    rcl damping * - ; multiply times damping and sub from ay
    rcl factor * ; multiply times factor
    sto ion_ay_mm ; store as new ay acceleration

    rcl ion_az_mm ; recall az acceleration
    rcl ion_vz_mm ; recall vz velocity
    rcl damping * - ; multiply times damping and sub from az
    rcl factor * ; multiply times factor
    sto ion_az_mm ; store as new az acceleration

Drag Demo
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User Programming’s

Master Controller

(Most Powerful Program Segment)
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Non-ideal grid

Resulting ion trajectories

Other_Actions
used to jump ions
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------ Begin Next Fly'm ------
n = 3,  y = 11.6435,  volts = 500
n = 4,  y = 8.28852,  volts = 750
n = 5,  y = 4.95177,  volts = 875
n = 6,  y = 1.99915,  volts = 937.5
n = 7,  y = -0.26864,  volts = 968.75
n = 8,  y = 0.963924,  volts = 953.125
n = 9,  y = 0.376026,  volts = 960.938
n = 10,  y = 0.0612697,  volts = 964.844
n = 11,  y = -0.101745,  volts = 966.797
n = 12,  y = -0.0197205,  volts = 965.82
n = 13,  y = 0.020897,  volts = 965.332
n = 14,  y = 0.000628626,  volts = 965.576
Attained Tuning Goal of 0.001
Final Rerun to Save Trajectories
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Initialize

If first run
     set starting potential

Clear Rerun_Flym flag

Fast_Adjust
Init_P_Values

Set electrode potential

Terminate

Get test results
If goal attained then exit

Compute new potential
Set Rerun_Flym flag
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------ Begin Next Fly'm ------
TVolts = 0, t = -146, p = 0, n = -146, e = 0
TVolts = -5, t = -137, p = 0, n = -137, e = 0
TVolts = -7.5, t = -108, p = 1, n = -109, e = 0
TVolts = -8.75, t = -74, p = 2, n = -76, e = 0
TVolts = -9.375, t = -38, p = 0, n = -38, e = 0
TVolts = -9.6875, t = -16, p = 4, n = -20, e = 0
TVolts = -9.84375, t = 18, p = 18, n = 0, e = 0
TVolts = -9.76563, t = 5, p = 5, n = 0, e = 0
TVolts = -9.72656, t = -3, p = 6, n = -9, e = 0
TVolts = -9.74609, t = 7, p = 10, n = -3, e = 0
TVolts = -9.73633, t = 0, p = 2, n = -2, e = 0

Finished       ; converged

Ion Energy Profile:
 11.3333% below 0.25eV
 10% between 0.25eV and 0.5 eV
 26.6667% between 0.5eV and 1 eV
 26.6667% between 1eV and 2 eV
 16.6667% between 2eV and 4 eV
 6.66667% between 4eV and 8 eV
 2% between 8eV and 16 eV
 0% between 16eV and 32 eV
 0% over 32 eV

Balance Data:
Left = -10V, Right = 10V, Target = -9.73633V
Magnetic Field = 0 Gauss
Charge From Primary beam = 0
Emitted  p = 150, n = 150, e = 0
Returned p = 2, n = -2, e = 0
net_charge = 0, n_extracted = 98

The Idaho National Engineering and Environmental Laboratory Page 11-38

�'����

�������	�
����������

● *���=����
���	����		:�	����	���������	����

● #������0

● <���	������	��	���B	��	�	
�����	��������

● �+�����	����	�������	�����	��	�������
�

● 5�������	��	�+�����	�	��������	���

● ����
B	���	������
����



Page 12-1The Idaho National Engineering and Environmental Laboratory

��������	�
	��	��������

● ���������	
��������������
���
����
������

● ��
�����

● ������������
������������	��������
����


● �������������������������������������	�

●  ��
�����
���������������!�������

● "

�	��
������
��	
���

Page 12-2The Idaho National Engineering and Environmental Laboratory

�������������������	����

●  ��
�	���#�����
● $��������"�����	�
● %��������%����
�	�������
● �����
���&���
● '���(�����)����
● %��
�� ����



Page 12-3The Idaho National Engineering and Environmental Laboratory

���	����	����������������

● "��#��������(�
����
�*����
�
● %��������%����
�	�������
● �����
���&���
● '���(�����)����
● %��
�� ����



The Idaho National Engineering and Environmental Laboratory Page 12a-1

���������	
�����������������

� �������	

���
�
�������
��������
�����
������
���
������

� �������	

����
��
�������
�����
���
��
��
�����
���� 
����
��
���
����
���
�
����
!������
����" 
���
���
������#��$��
�
������
��
������

The Idaho National Engineering and Environmental Laboratory Page 12a-2

�
���������

� �������
����"
���
����
�
�����
���
����

� %��
����
������
���
����
!������
����"
� ������#��$��
����
������
����!������
��

����"
���
�
������
�������
������
�
������



The Idaho National Engineering and Environmental Laboratory Page 12a-3

����������

���������������

� &�"
�������
��
����"
��������

� '��
������
���������
(����
������)

� '��
���
���*���
���
���
���������

X

Y

Z

 0.0947490, 1.4175235
 0.5186241, 1.3970214
 0.9773564, 1.3428307
 1.4125314, 1.2562471
 1.8136513, 1.1393440
 2.1710313, 0.9949253
 2.4760340, 0.8264622
 2.7212801, 0.6380121
 2.9008302, 0.4341229
 3.0103322, 0.2197232
 3.0471302, 0.0000023
 3.0103314,-0.2197185
 2.9008287,-0.4341181
 2.7212779,-0.6380072
 2.4760311,-0.8264571
 2.1710278,-0.9949200
 1.8136473,-1.1393384
 1.4125271,-1.2562413
 0.9773517,-1.3428245
 0.5186192,-1.3970149
 0.0947489,-1.4175166
 0.0891014, 0.9276216
 0.4877095, 0.9142030
 0.9190918, 0.8787357
 1.3283116, 0.8220687
 1.7054955, 0.7455607
 2.0415373, 0.6510484
 2.3283181, 0.5408047
 2.5589040, 0.4174856
 2.7277158, 0.2840675
 2.8306665, 0.1437747
 2.8652626, 0.0000016
 2.8306658,-0.1437715
 2.7277144,-0.2840642
 2.5589019,-0.4174823
 2.3283154,-0.5408012
 2.0415341,-0.6510447
 1.7054918,-0.7455569
 1.3283075,-0.8220647
 0.9190873,-0.8787314
 0.4877049,-0.9141986
 0.0891013,-0.9276169
 0.0857290, 0.4732526
 0.4692499, 0.4664061
 0.8843014, 0.4483099
 1.2780242, 0.4193976
 1.6409178, 0.3803628
 1.9642212, 0.3321431
 2.2401249, 0.2758985
 2.4619605, 0.2129843
 2.6243633, 0.1449190
 2.7234042, 0.0733475
 2.7566862, 0.0000009
 2.7234036,-0.0733457
 2.6243620,-0.1449173
 2.4619585,-0.2129825
 2.2401223,-0.2758966
 1.9642180,-0.3321411
 1.6409142,-0.3803607
 1.2780202,-0.4193955
 0.8842971,-0.4483077
 0.4692455,-0.4664038
 0.0857289,-0.4732501

Markers

Ion
Trajectories

Hollow
Poles

Bx and Br saved to file
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Instance 1 base array

Instance 2 jump out

Instance 3 jump back

Instance 4 non-ideal grid

IMPORTANT: Size instances to avoid
jumping onto edges

The Idaho National Engineering and Environmental Laboratory Page 12c-4


��������������������

Cross grid wires

Ion jumping is not active
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Cross grid wires

Ion jumping is active

Ions hit grids

Non-ideal grids refract ions

The Idaho National Engineering and Environmental Laboratory Page 12c-6

���	
��������������������

Paraxial grid wires

Ion jumping is active

Ions hit grids

Non-ideal grids refract ions sideways
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------ Begin Next Fly'm ------
TVolts = 0, t = -147, p = 0, n = -147, e = 0
TVolts = -5, t = -140, p = 1, n = -141, e = 0
TVolts = -7.5, t = -110, p = 0, n = -110, e = 0
TVolts = -8.75, t = -60, p = 4, n = -64, e = 0
TVolts = -9.375, t = -31, p = 3, n = -34, e = 0
TVolts = -9.6875, t = -3, p = 4, n = -7, e = 0
TVolts = -9.84375, t = 15, p = 15, n = 0, e = 0
TVolts = -9.76563, t = 3, p = 8, n = -5, e = 0
TVolts = -9.72656, t = -1, p = 3, n = -4, e = 0

Finished       ; converged

Ion Energy Profile:
 13.6667% below 0.25eV
 6.33333% between 0.25eV and 0.5 eV
 21.6667% between 0.5eV and 1 eV
 26.6667% between 1eV and 2 eV
 20% between 2eV and 4 eV
 8.66667% between 4eV and 8 eV
 3% between 8eV and 16 eV
 0% between 16eV and 32 eV
 0% over 32 eV

Balance Data:
Left = -10V, Right = 10V, Target = -9.72656V
Magnetic Field = 0 Gauss
Charge From Primary beam = 0
Emitted  p = 150, n = 150, e = 0
Returned p = 3, n = -4, e = 0
net_charge = -1, n_extracted = 95

Sample Target

Extracted Negative
Ions

Results
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------ Begin Next Fly'm ------
TVolts = 0, t = -129, p = 0, n = -145, e
TVolts = -5, t = -53, p = 1, n = -130, e
TVolts = -7.5, t = -2, p = 2, n = -116, 

Finished       ; converged

Ion Energy Profile:
 12.3333% below 0.25eV
 9% between 0.25eV and 0.5 eV
 20.3333% between 0.5eV and 1 eV
 26.6667% between 1eV and 2 eV
 21% between 2eV and 4 eV
 8.66667% between 4eV and 8 eV
 2% between 8eV and 16 eV
 0% between 16eV and 32 eV
 0% over 32 eV

Electron Energy Profile:
 0% below 0.25eV
 4% between 0.25eV and 0.5 eV
 4.66667% between 0.5eV and 1 eV
 10% between 1eV and 2 eV
 31.3333% between 2eV and 4 eV
 23.3333% between 4eV and 8 eV
 21.3333% between 8eV and 16 eV
 5.33333% between 16eV and 32 eV
 0% over 32 eV

Balance Data:
Left = -10V, Right = 10V, Target = -7.5V
Magnetic Field = 0 Gauss
Charge From Primary beam = 0
Emitted  p = 150, n = 150, e = 150
Returned p = 2, n = -116, e = -38
net_charge = -2, n_extracted = 19
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Sample Target

Extracted Negative
Ions (red)

Results

Extracted electrons
(green)

Negative ions sacrifice
themselves for electrons
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------ Begin Next Fly'm ------
TVolts = 0, t = -144, p = 0, n = -144, e = 
TVolts = -5, t = -135, p = 1, n = -136, e =
TVolts = -7.5, t = -108, p = 0, n = -108, e
TVolts = -8.75, t = -73, p = 0, n = -74, e 
TVolts = -9.375, t = -35, p = 2, n = -38, e
TVolts = -9.6875, t = -7, p = 3, n = -11, e
TVolts = -9.84375, t = 11, p = 12, n = -1, 
TVolts = -9.76563, t = 8, p = 8, n = -3, e 
TVolts = -9.72656, t = -4, p = 2, n = -8, e
TVolts = -9.74609, t = 0, p = 4, n = -6, e 

Finished       ; converged

Ion Energy Profile:
 12.3333% below 0.25eV
 8.66667% between 0.25eV and 0.5 eV
 25.3333% between 0.5eV and 1 eV
 22.6667% between 1eV and 2 eV
 21.6667% between 2eV and 4 eV
 8% between 4eV and 8 eV
 1.33333% between 8eV and 16 eV
 0% between 16eV and 32 eV
 0% over 32 eV

Electron Energy Profile:
 0% below 0.25eV
 4.66667% between 0.25eV and 0.5 eV
 6% between 0.5eV and 1 eV
 8% between 1eV and 2 eV
 27.3333% between 2eV and 4 eV
 20% between 4eV and 8 eV
 28% between 8eV and 16 eV
 6% between 16eV and 32 eV
 0% over 32 eV

Balance Data:
Left = -10V, Right = 10V, Target = -9.74609
Magnetic Field = 500 Gauss
Charge From Primary beam = 0
Emitted  p = 150, n = 150, e = 150
Returned p = 4, n = -6, e = -148
net_charge = 0, n_extracted = 105
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Sample Target

Extracted Negative
Ions (red)

Results

Magnetic field traps electrons &
restores secondary ion signal
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