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1.0 Introduction

[JObjective

Provide exposure to advanced SIMION
features of:

[Jarray instances,
[Jgeometry files, and
[luser programs.
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Introduction

[J Format: Short Lectures (usually)
followed by labs.

[] Breaks at 10:15, and 2:30

O Lunch from 12-1:00 (provided)

[0 Bathrooms, fire exits

[] Material: Course Notes, Reference Notes,
SIMION 7.0 manual, CD with SIMION 7.0 and
everything else on it.
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Course Outline - Day 1

1. SIMION 7.0 — new features 9:15-9:30

2. Trajectories+Instance lecture 9:30-10:15
Break 10:15-10:45

3. Trajectory + Instance Lab 10:45-11:15

4. Geometry files + lab 11:15-12:00
Lunch 12:00-1:00

5. 2D and 3D gem files + lab 1:00-2:00

6. Strategy and tricks of the trade 2:00-2:30
Break 2:30-3.:00

7. Description of complex example 3:00-3:15

8. Creating gem files - Lab 3:15-4:30
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Course Outline - Day 2

9. User Programming Intro. & Lab 9:00-9:30
9:3

10. Details Lecture & Lab 0-10:15
Break 10:15-10:45

11. Lab continued 10:45-11:15

12. Strategies and tricks 11:15-12:00
Lunch 12:00-1:00

13. Lab & Application Vignettes 1:00-2:30
Break 2:30-3.:00

14. Lab & Application Vignettes cont.  3:00-4:15

15. Graduation ceremony 4:15-4:30
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2. SIMION 7.0 New Features

» Window gymnastics
» Uses Windows display drivers and video accelerator boards
» Activate window - cursor changes, underlines appear
« resize for printing
» multiple windows can be open (multiple processors)
File loading with IOBs
» auto-load saved/kept trajectories, voltages, scaling, data recording, etc
» Asymmetric scaling
Where — Absolute/relative distances (x,y,z,r)
Potential Array size
* 50 M point arrays (500 MB)
 address 2 GB of memory (current processor limit)
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Multiple Windows

Fly ions in foreground
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Asymmetric Scaling

Equal X
and Y

Zoomed Y
same X
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SIMION 7.0 New Features

» Read/Write Arrays within User Programs
« up to 200 arrays allowed
« array size limited only by virtual memory
* load/save data to ASCII files
 Additional commands in Geometry Files
» more precise within and notin commands
« Printing and annotations
« Any Windows compatible printer
 output to Clipboard
» output to Enhanced Metafiles
» Windows Metafiles
» Scalable True Type fonts in annotations
» Dimensions and arrows
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3.a lon Trajectories

JHow field gradients are obtained
[JConstant distance step integration
[JStop length step shortening
[JBinary boundary approach method

[JCV of acceleration provides some vision
[JHow Trajectory Quality param. controls all

[JFlying ions singly or in groups

=
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Obtaining Field Gradients

[JFrom Arrays:

O

O

O
Interpolated

O

\ *=End Point
o o \
XN\ A

O O
Array Splder
O Points O | O

OJOther: From User Programs
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Numerical Integration

[JSIMION uses a highly modified 4th order
Runge-Kutta method orientated to fixed
distance step integration.

lon Trajectory\
\Time Stepsu

e anansansnansasnsss Jnnssnsunssnnszannznnsnssfliassnssannansanssnnnsnnnnsnnnss]

(Nominally one step per grid unit)

o
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Numerical Integration

O Fixed distance step integration is modified
by stop length (1/10). _

SLIIIIIIIIIIIIIIIIIIII LI L Shorter Steps nea‘r
velocity reversals

N4
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Binary Boundary Approach

[JDetect, leap back, and halve the time step
is used to approach boundaries.

T 3 x 104 grid unit or less | T
N P
Instance Elz(;tlrgtde
ndar
— Boundary

=
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Binary Boundary Approach

[JDetected boundaries:
OInstance boundaries
OElectrode (splat) boundaries
OVelocity reversals

[JRegions of higher coefficient of variation of
acceleration -- field discontinuities (grids) or
time varying fields (step changes in
potentials).
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Adjusting Trajectory Quality

Normal PAs WrkBnch Contur

I0B Loadl §ave| Beams Trajectory
TIons Qefl RerunlEl Keep Il Dell|+l e | Qua“ty
[ooe= 101 [eroused] Fe/Esssse]Fopirerion Panel

Trajectory Distance Minimum Stop Binary CV Upper
Quality Stepingu Stepingu | Length | Boundary Limit
-n 1/(1+n) NA yes no NA
0 1 NA yes no NA
3 (default) 1 1/(3x10% | yes yes 1/3
1=n<100 1 1/(nx10% | yes yes 1/n
100<n 1/(1+(n-100)) | 1/(nx10% | vyes yes 1/n
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Trajectory Quality

[JPositive values of trajectory quality
generally give the most accurate
trajectories.

[The default value of 3 represents a good
starting compromise.

[JHigher values can improve accuracy at the
cost of speed.

OVary positive quality to evaluate accuracy.
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Trajectory Quality

[JZero or negative values of trajectory
quality give the fastest computations.

OThe value of 0 provides the fastest and least
accurate trajectories.

[OIncreasingly negative values improve
accuracy to a point.

[ONegative values are useful for flying ions in
groups or when history is lost (damping).

=
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Trajectory Quality hints

[1Flying ions singly (most efficient)
[JUse default value of 3
OTest for consistency with higher values
[J0 or negative values have no boundary detect
OJFlying ions in groups (can be very slow)
CJUse 0 or negative values for speed

[JPositive values can be VERY slow (most
constrained ion slows all others down)
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lon Trajectory Calculation Lab

Introduction

These labs are designed to demonstrate the impact of theion trgjectory quality parameter on the
accuracy of ion trgjectories.

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 al arrays

Load thereflections.iob file into view

Click the Fly'm buttons

Discussion

The pawith its central ideal mirror forms areflection trough. lons are launched with a
small amount of kinetic energy in the x direction half way up one side of thetrough iny.
Theion forms atrajectory 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 areference for peak height measurements for
the tests described below.

Experiment

Asatest, vary the trgjectory quality to 103 or above. Now try O and various negative
numbers. Notice that O or negative numbers do not conserve energy very well. Turnon
datarecording so that a marker is generated each time step. Notice that time steps bunch
near velocity reversals and around the ideal grid discontinuity when trgjectory 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 platesto 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 (iny). A collection of ions are given asmall ke in x
relatively close to one of the plates. Each ion follows awave-like trgjectory.

Preparation

Load RF Mirror.pa# and refine to 1.0e-7
Remove al PAs

Load RF Mirror.iob into View

Click the Fly'm button

Discussion
Theions are flown 1/2 cycle (by default) and then killed. The expected peak to peak dy (in

mm) using aformal 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 tragjectory quality improve the higher mass dy accuracies. The
issue hereisthat these ions have small wave sizesin relation to array grid intervals. To
Improve accuracy you need to either use a higher density array or turn up the trgjectory
quality to shrink the timesteps in trajectory curvature areas.

RF Square Wave Experiment

A sguare wave RF is used between the two plates (iny). A collection of ions are given asmall ke

in X relatively close to one of the plates. Each ion follows awave-like tragjectory. 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

Theions are flown 1/2 cycle (by default) and then killed.  The expected peak to peak dy
(in mm) using aformal 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 O or negative value of trgjectory quality cause considerable errors because of their
fixed time step nature.

Note that higher values of tragjectory quality improve the higher mass dy accuracies. The
issue hereisthat these ions have small wave sizesin 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 aress.

Turn on datarecording at each time step to verify that SIMION isindeed catching the edge
of the RF square wave.
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3.b Array Instances

OWhat they are

[JHow to define them

[JHow they interact

[JHow to control their priority

N
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What is an Array Instance?

A Projected Volume Image Array Instance Volume
of a Potential Array

\

Potential Array
2D Cylindrical
Mirrored iny

f
Workbench Volume
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Why are Instances Useful?

[1Links PAs into the virtual workbench world

[J Electrostatic and magnetic fields in same
volume

JAllows higher density arrays in certain
regions (e.g. sources).

[JSupports simulation of beam lines with
separated optics stages.

=
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How Instances are Defined

[IWorking Origin

[10Offset of Working Origin from WB Origin

[JScaling in mm/gu

[ Orientation Angles from Working Origin in
[JAzimuth

[1Elevation
[1Rotation
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Working Origin

[OWorking Origin is the reference point for
all positioning, scaling and orientations

1t is defined in terms of an offset from the
array’s physical origin (0 offset is default)

Array Instance

Projected
_—
2 e —
Physical WOT"‘.”g Physical Working
Origin Origin Origin Origin
X =43 gu X = 43 gu
,-"‘\7
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Instance Positioning, Scaling,
and Orientation

Workbench
Origin

Scaling =1 mm/gu

Instance’s
" Physical
Origin

45° elevation angle

Instance’s Working Origin
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Editing an Instance

1. Select PAs Tab 2. Select Instance’s Number

(H%@\(er}h)ch}égont NEZT

3. Select Ed|t /\*Editl IInstance s “ll

|raa][pe1] [EInzEL-EAO

| rp1][cpy] [ETe-cyil(x): 9ix 20y 1z

3 PAs N WrkBnchY( Contur) (ZZN (EIFUN (Normal\( PAs \(WEKBAchY Contur)
| Xwb+ 80.000| [, 1.00000mm/gu| [Foo— 13.000] [R=z +,,0.0000"]

| ok |[More]|[xwb+ 0.000] [x Back][Twor 0.000] [EL _+,45.0000]
[wait] [zwo+ 0.000] [Zwo+ 0-000] [Rt +,,0.00007]

J

>
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SIMION Instance Editing
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Order of Orientations and

displacements

Y Axis

El Angle
Az Angl

s

Angular Orientations

1. Rt angle
2. Elangle
3. Az angle

4. Working Origin offset
from array physical origin

5. Working Origin offset
from workbench origin

The Idaho National Engineering and Environmental Laboratory
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Adding an Instance

2. Click Add

Add|[pe1] [EInzEL.PAG |
|
[[ro1][coy] [Fre—cyicn: o1x 20y 1z ]
L

3. Edit Instance Definition

I8
[Longl v
WorkIRg Origin's Working Origin's PA Scaling and Special Angle
PA Offset (qu) Workbench Coords Orientation Orientation
[Ox+ poo] [ zeazen] [Lo-6pplimwod [Ez+, 0.9000%]
[oy+ 0008 [T+ 0-000] [=x[ =00 [EI= 90900~
“““ 0-000] i, ..p-000]

4. Click Done/

The Idaho National Engineering and Environmental Laboratory

1. Mark Volume

New Array Instance
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Instance Rules

OInstance Fields are Separate
[JEach instance is an isolated island.

COnly linear acceleration fields are assumed
when ions fly between instances of differing
electrostatic potentials (won't work with RF).

OInstance Fields that overlap do NOT merge.

[JOverlapping instance volumes defer to the
highest priority instance.

=

= ! The Idaho National Engineering and Environmental Laboratory Page 3b-11

Instance Priority

[The instance with the highest number has
the highest priority

Instance Number (and Priority)

(Normal\/ PAs \/WrkBnch)/Contur\ TZ30N\ (B

Edit E Inst. 42 U: L-|| L
(5] [ [mmiames () ]
| aad][ pe1] [gun-pao \ | [Fadi]
1
1 le—Cyl : 20 1
[&p1][ coy] [EIe—cyI(m) x 30y 1z \\| %

Lower Instance’s Number Raise Instance’s Number
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Other Instance Options

Display Instance’s Parameters Use instance under mouse cursor in View

Draw
Delete InStance\{Ijormal\\/ PAs N WrkBnch\/Contur/ZZmN\ (BT Instance

[Exic] IE | Instance | 2| [_J'se in View
,A_ddn\rDe_ll |gun.pa0 | |Fadj1

Rpl C'p_yl |Ele7Cyl(Y): 20x 30y 1z | W
>

Fast Adjust
Replace Instance Instance
Potentials
Copy electrodes from intercepting higher instances
into currently selected instance’s Access Instance’s
potential array (must be 3D) User Programs

(belong to array)
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Array Instance Labs

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

Location: C:\Advance SIMION Class\03. Trajectoriesand Instances\I nstance L ab

Orienting an array instance
Thislab selectively orients an array instance of an einzel lens.

1.

2.

Load the Einzel.iob fileinto View.

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

Click the PAstab.

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 al parameters.
Click the Print button and print a copy of these parameters.

Noticethat all instance parameters have their default values (thiswill change).

Click Vew RD button to turn off the data display.

Click Edit and then the M or e buttons to gain access to instance edit screen number two.

(It is suggested that you have wher e active in mm abs and switch views to examine changes)
Set the Rt angle to +90 degrees (watch what happensin 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)

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 al 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|ab adds a second separately controllable einzel instance into the workbench volume.
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1. Click the Remove All PAsfrom Ram button on the main menu screen to remove our prior
mess.

2. Load theEinzd.iob fileinto View.

3. Now mark aregion to the right of the current einzel instance for locating the new einzel
Instance.

4. Click the PAstab 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 theions.

Try adight 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 theions.
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

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

1. Removeadl PAsfrom ram.

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

3. Notice that theionsthat 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 thistell you about superimposed instances.

4. Now click the PAstab, select instance 2 (einzel.pa0), click the L- button and the Y es button.
Re-fly theions.
What do you see? Explain what is causing this change. Why is this knowledge important?
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5. Use datarecording 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 alittle fun, set the left and right reflector voltagesto 1000 V and fly all ions grouped (data
recording off).

Page 3.b lab-3



4. Geometry Files

1A geometry file is an ASCII file with the
.GEM filename extension that contains the
electrode/pole definitions for a potential
array.
01t also may contain the definition of the
potential array:
pa_define(100,20)

ivf The Idaho National Engineering and Environmental Laboratory Page 4-1

SIMION Functions that Use
Geometry Files

OThe New function via the Use Geometry
File button (makes use of pa_define

commands). /
|(_:ancel| | OK I |Qse Geometry Filel
|[Max PA Size || 100,000 Pts|

|Elect| ICylindl IMirror Y| X I Z I
e [ roes] [ 209 [ 77]
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SIMION Functions that Use
Geometry Files

[0 The Modify function via the GeomF button (/gnores
pa_define commands for an existing array).

xxxxxx

5|
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How Geometry Files Work

[1The geometry files contain a collection of
fill commands.

OFill commands define complex
areas/volumes using:

[inclusion/exclusion commands (e.g. within
and notin),

Corientation commands (e.g. locate), and
[Ibasic shape commands (e.g. circle).
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How Geometry Files Work

[1Each successive fill command has

increasing priority. Later fill commands
override earlier fill commands.

[JSIMION uses a geometry compiler to
create an ordered fill search tree.

[JEach point within the array is checked to
see if it is affected by a fill command
(from last fill toward first fill).

il ! The Idaho National Engineering and Environmental Laboratory Page 4-5

Example
e(l) ; electrode of one volt
{
fill ; fill command
{

within{ circle(0,0,5)} ; withinacircleat0,0 r=5
notin{  box(0,0,2,2)} ; notin a box with corners of
} ;xy: 0,0and 2,2
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Geometry File Language

[1The Language is nested - commands fit
inside each other.

e(l) ; electrode of one volt

{

fill ; fill command
{
within{ circle(0,0,5)} ; withinacircleat0,0 r=5
notin{  box(0,0,2,2)} ; notin a box with corners of
} ;xy: 0,0and 2,2

The Idaho National Engineering and Environmental Laboratory Page 4-7

Geometry File Language

e(1) ; electrode of one volt
fill ; fill command
{
within{ circle(0,0,5)} ; withinacircleat 0,0 r=5
notin{ box(0,0,2,2)} ; notin a box with corners of
} ;xy: 0,0and 2,2
}

[0 Each command has its {scope}: The region of
commands that are under its influence.

0 Commands have (parameters) and/or scope.
[0 Inline comments begin with a semicolon.
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Geometry File Nesting Rules

Base Fill Within
Nesting Nesting Nesting
Level Level Level

[\
!

e({)
{

; electrode of one volt

fill
{
within{ circle(0,0,5)} ; withinacircleat 0,0 r=5
notin{ box(0,0,2,2)} ; notin a box with corners of
} ;xy: 0,0and 2,2

; fill command

The Idaho National Engineering and Environmental Laboratory Page 4-9

Geometry File
Development System

[1 Accessed from Modify with the GeomF button.
[0 Geometry files are edited, compiled and debugged.
[J Potential array can be erased.

[0 Geometry definitions can be inserted into the
potential array.

[0 Provides full manual control over translation, scaling
and orientation via locate parameter panels (serves as
the outermost Locate command).
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Geometry File
Development System

[Default Position| [Scale . 1.00000]

[egun2d. gem
Tnsert into PA| [X ot +._._.0.0000 [A=z +..0.0000 Deg]

il ff 0.0000 1 0.0000
[compine] [wref] | [FofET | L= e

[view .ger rile] | [z off + 0.0000] [Rt +_,0.0000 Deg]

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

I | 1)
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Location, Scaling, Orientation

[JLocate commands are used to locate, scale, and
orient anything at any level. They even can be
nested within themselves:

locate(100)
{
fill
{
within{sphere(0,0,0,50,60,40)}
notin{sphere(0,0,0,45,55,45)}
locate(0,0,0,1,0,0,-90)
{
notin{circle(0,0,10,5)}
}
}
}
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Geometry File Lab

[JModifying the Trap Geometry File into a
Stretched Trap

[JModifying the Trap Geometry File to
Include End Cap Apertures
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4.0 Introduction to Geometry Files- Lab

Files. C:\Advanced SIMION Class\0.4 Geometry Files | ntroduction\L ab

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

10.

11.

12.

No After Installation Files Need to be Created

Remove al PAs From RAM

Use New to load TRAP.GEM from directory:

C:\Advanced SIMION Class\4.0 Geometry Files I ntroduction\L ab
Examine the array with Modify.

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

Click the Edit button to edit the geometry file with EDY .

Rename the File STRETCH.GEM

EDY keystrokes. Esc N STRETCH.GEM and press Enter

Now Let's save thefile, exit EDY and Select and use thisfile as the geometry file:

Esc QY andyou'reback in SIMION.

Click the Select button and click both mouse buttons on STRETCH.GEM to make it the currently
selected .GEM file.

Use the Erase Entire PA button and then the Insert into PA button to verify that the geometry file
still makes the array OK.

Now the task isto shift both end caps 0.76 mm away from the trap center to create a stretched trap.
The nominal scaling of this potential array is0.1 mm/grid unit. Thuswe 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 unitsto itsright.

The best strategy isto insert locate commands that have the proper shifts and enclose the proper
electrode definitions. Thiswill result in the caps being shifted properly.

Go for it!

Assuming you've given it agood college try and failed. Use the Select button and click both
mouse buttons on the STRETCH1.GEM file. Insert the geometry from thisfile. It works! Look
at thefile with EDY to see how it was done.
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Files. C:\Advanced SIMION Class\0.4 Geometry Files I ntroduction\L ab

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.

=

10.

No After Installation Files Need to be Created

Remove al PAs From RAM

Use New to load TRAP.GEM from directory:

C:\Advanced SIMION Class\4.0 Geometry Files Introduction\L ab
L ook at it with Modify.

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

Click the Edit button to edit the geometry file with EDY .

Rename the File HOLE.GEM

EDY keystrokes: Esc N HOLE.GEM and press Enter

Now let’s Save thefileand exit EDY: Esc QY and you're back in SIMION.

Click the Select button and click both mouse buttons on HOLE.GEM to make it the currently
selected .GEM file.

Use the Erase Entire PA button and then the Insert into PA button to verify that the geometry file
still makes the array OK.

Now the task is to modify the geometry file to put a2 mm hole through both end caps. The
electrodes are al 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?

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

Go for it!

Assuming you've given it agood college try and failed. Use the Select button and click both

mouse buttons on the HOLEL.GEM file. Insert the geometry from thisfile. It works! Look at the
filewith EDY to see how it was done.
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5. 2D and 3D Projection

[JAIl 2D shape commands (e.g. box and circle) are
defined in x and y and have a+ 10° extent in the z
direction when applied to 3D arrays.

Circle Y 3D Array Volume

= ' The Idaho National Engineering and Environmental Laboratory Page 5-1

2D and 3D Projection

LAl 3D shape commands (e.g. sphere) have their
2D intersection area (z = 0) when applied to 2D
arrays.

2D Intersection
Surface
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5. 2D and 3D Labs

[JExplore scaling and locating
[JProject a 2D geometry file into a 2D array
[JProject a 2D geometry file into a 3D array

[OModify a geometry file for a 3D array

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

Files. C:\Advanced SIMION Class\05. 2D and 3D Proj ections\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. Thislab shows how this
isdone

No After Installation Files Need to be Created

1 Remove al 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. Y ou should now be [ooking
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 inthe array. What happensiif you displace it by 20 unitsin 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.
Thislab demonstrates typical issues.

Exit Modify and Remove all PAs from ram.

Use New to load intro01.gem from directory C:\....\2D3D lab

Go into Modify to access the geometry file development system screen.

Use Edit to access Edy, deletethe” ; ” comment from line2 and insert a*“ ; “ at the beginning of line
1

Rename the file 3Dcircle.gem,(keystrokes. Esc S 3Dcircle.gem and press Enter).

Alt-tab back to the geometry development screen, choose quit, then quit out of Modify, and remove all
PAs from Ram.

Bl AN o

oo

Use New to load the geometry file 3Dcircle.GEM.

Gointo View. Now what do you see? Why?

Go into Modify, then to the geometry file development screen.

Use Edit to get to the 3Dcircle.gem file

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 thearray in Modify (XY Z view). Now look at itin View.

R B2 © o
RRo®:

13. usethe 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?
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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 isit 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. Inthe Geometry file development screen adjust the x offset by 20. Erase entire PA and Insert into PA.

Look at the result in Modify and thenin View. How isthisdifferent from what you saw in step 13?
Why?

5.0 2D3D lab-2



5.0 Geometry Files: Creating a geometry file
from scratch

Files:. C:\Advanced SIMION Class\05. 2D and 3D Projections\Einzel |ab

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 PAsfrom Ram. Use New with the Use Geometry files button to access the file
manager. Click the Edit button to accessEDY ..

. 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 thefile (Esc, S, Enter), alt tab back to the Geometry definition screen and Select
and use thisfile as the geometry file (Click both buttons on the EINZEL.GEM fil€' s button).

10. If all isOK 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, ook at the EINZEL1.GEM file.
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6.0 Geometry File Tricks

5\_; The Idaho National Engineering and Environmental Laboratory Page 6-1

Important Concepts

. Geometry creation is array point centered.
. The array is scanned a point at a time.

. Each point is tested to find the LAST fill in the list of
fills that would change its value (if any).

. If the point is within a fill's volume, it is changed to
the fill's value (e.g. E(0)).

. The process is repeated until all array points have
been tested and changed as required.

.
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Important Concepts

. Fills tests are ALWAYS made in the reverse list order.
The last fill in the list ALWAYS has the highest

priority.

. FilKinside{circle()}}
. Fil{inside{box()}}
. FilKinside{sphere()}}

. The sphere fill has highest priority if more than one
fill changes the array point’s value.

5\_; The Idaho National Engineering and Environmental Laboratory Page 6-3

Important Concepts

. ALL fill definitions are ALWAYS projected to their
final locations in array coordinates BEFORE the
actual decision to fill is made.

. Any overlap conflicts are resolved at the final array point
locations.

As defined: As located:

e
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Important Concepts

. ALL fill definitions are ALWAYS projected to their
final locations in array coordinates BEFORE the
actual decision to fill is made.

. Unbounded volume fills can accidentally change the
geometry of other electrodes.

e
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el

Important Concepts

Nested Languages work from the inside outward

Locate(50,50,50,10) ;Fifth

{
fill{within{sphere(0,0,0,5)}  ;Fourth
Locate(0,0,0,1,0,-45) ;Third

{
Locate(0,5) ;Second
{
notin{cent_box(0,0,2,8)} ;First
}
¥
¥
}
.
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Important Concepts

Nested languages have nesting level rules:

E(1) ;Base nesting level
Locate(50,50,50,10) ;Locates work at any nesting level
{
fill{ ;Fill nesting level
within{ ;Within nesting level
sphere(0,0,0,5) [;Volume function definition
Locate(0,0,0,1,0,-45) ;Locates work at any nesting level
{
Locate(0,5) ;Locates can be nested to define translation order
{
notin{cent_box(0,0,2,8)} [, Within nesting level
}
¥ L
}
}
} L
,’/—\‘
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Important Concepts

Boolean language rules:
Fill
{
IFwithin { circle) AND box() AND polyling() } 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 }
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Important Concepts

Use within and notin alternatives for more precision

within_inside, within_inside_or_on.

LLLL L L) ENEEEEEEEEN
L} L] L] L1
L} L1 L} L1
L] L] L] L]
L L L L
L L L L
u u u u
u L1 u L1
u L1 L} L1
L] EEEN L] EEEN
LLLLLLLLLLL] LLLLLLLLLLL]
Use notin, notin_inside, notin_inside_or_on
< The Ildaho National Engineering and Environmental Laboratory Page 6-9

The Divide & Conquer Approach

. Define each entity (electrode) separately
. Define entity in physical coords (e.g. in, mm)
. Define the entity at the origin to simplify effort.
. Use body and/or machining centered methods.
. Pick the strategy that is easiest for YOU to understand.

. Then position each entity at its physical location

. Finally, scale and position the entire assembly into
target array’s area or volume.

.
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The Divide & Conquer Approach

Locate(position and scale into array area or volume)

Eocate(position entity 1 in physical volume)
I{Deﬂne entity 1 in physical unitsat origin
Locategposition entity 2 in physical volume)
I{Deﬂne entity 2 in physical unitsat origin
- and} soon
}
:\ The Idaho National Engineering and Environmental Laboratory

Page 6-11

The Secret in Real Estate is:

. Location
. Location
. Location

L,
<« The Idaho National Engineering and Environmental Laboratory
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The Secret in Geometry
Files is:

. Locates
. Locates
. Locates

P
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The Locate Command

. Locate(x, y, z, scale, az, el, rt){}
. Locate(0,0,0,1,0,0,0) defaults

. Order Transforms are Applied
. It
. el
« dZ
. scale
. XY,2

Angular Orientations

.
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Nested Locate Commands

. No performance costs (locate cmds are combined)
. Insures the order that transforms are applied
. Supports progressive definitions

Locate(50,50,50,10)1{

fill{ within{ sphere(0,0,0,5)}
Locate(0,0,0,1,0,-45){
Locate(0,54

notin{ cent_box(0,0,2,8)}
111}

LGP
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Indent Nested Commands

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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Body Verses Machining
Oriented Definitions

. You can move and orient either the entity (body),
the cuts (machining), or both (can be confusing).

. The body oriented approach moves the entity and assumes
that the machine is fixed.

. The machine oriented approach moves the machining and
assumes the body is fixed.

. Moving both the entity and machine can at times simplify the
process, but it can also be confusing.

. Select the approach that is easiest for YOU.

e
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Machining Oriented

Definitions
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 degreesin el
{
Locate(0,5) ;2: Shiftslotup 5
notin{ cent_box(0,0,2,8)} ;1. Definedot at origin
}
}
}
}

L,
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Body Oriented Definitions

L ocate(50,50,50,10)
{
fill{
Locate(0,0,0,1,0,-45)
{
Locate(0,5)

{
notin{ cent_box(0,0,2,8)}
L ocate(0,-5)

{
within{ sphere(0,0,0,5)}

L,

A

;6: Scale and center in array

;5. Rotate sphere to slot angle
;4 Shift sphere to origin

;3: Drill slot at origin
;2: Shift sphere down 5

;1. Define sphere at origin

{ ~_ The Idaho National Engineering and Environmental Laboratory
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Combined Approach

Definition

Locate(50,50,50,10)
{
fill{
L ocate(0,0,0,1,0,-45)

{
notin{ cent_box(0,5,2,8)}
within{ sphere(0,0,0,5)}
}
}
}

e
[ 1]

.l

;4: Scale and center in array

;3. Rotate sphere and slot to angle

;2. Definedlotaty =5
;1. Define sphere at origin

The Idaho National Engineering and Environmental Laboratory
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Using Notins or Erasing
Fills?

. With normal Fill commands it is best to use Notins
to limit or remove material.
. Notins can act exactly like a normal erasing fill.

. 2D commands (e.g. circle) can be used in a Notin without
fear of drilling infinite holes.

. With Rotate_Fills any non-cylindrically symmetric
removal will normally required a subsequent
erasing fill.

. Erasing fills (e.g. n(0)) must be volume limited.
. 2D commands are dangerous (unlimited volume).

.
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Using Notins and Erasing
Fills with a Rotate_Fill

Rotate Fill(90)

Then swing 90° az and ...

{
“————Within{ Polyline()}
N{(O) Notin{ Circle()}

Fill }

{

Within{ Polyline()

Box3d()
}

}

}

L,
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The Role of Include Files

. Pros
. Useful for individual electrode definition.

. Handy if electrode used in multiple places in same volume or
in different volume (e.g. normal and exploded views).

. Cons

. Hides electrode definitions in different files (can be
confusing).

. Care must be used to insure maximum utility.

P
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Recommended Method for
Using Include Files

Calling File:
locate() ; position in physical volume Include File: draw out.gem
{ o
. ; locate() ; place at origin
e(5) ; set fill type T L o i
- call include file { ; fill (within-notin)

Include(draw out.gem) electrodefill definitions

} n(0) ; optional erases
ptional erasing fill(s)
}
}

L
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Include File Examples

Left Ground Electrode
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7. A Complex Example

! The Idaho National Engineering and Environmental Laboratory Page 7-1

A

Adopted Strategy

. Do initial designs in 2D with Modify then 3D GEM.

. Symmetry allowed y and z mirroring so that 1/4 sized
array can be used.

. Snap design dimensions to 0.010” to match maximum
practical array size of 40,000,000 points (400 MB).

. Define each lens element separately at the origin and then
move it to its physical location in the assembly.

Use rotate_fills because of high cylindrical symmetry and
then drill holes and slots with erasing fills.

Design GEM for 2D/3D arrays and flexible orientation.
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Buildup of Exit Ground
Electrode

As Defined

135° in details to support
45° alignment changes

N
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Mounting Hole Alignment

As Defined

with Mirroring

\s/

Mounting hole aligned
rotated 45°

VY
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1st -- Create Electrode Blank

Locate(0,0,0,1,90)
{
rotate fill(180)
{
within{ polyline(x,y,
X.Y,
)
}
}
}
Edge Face Iso
s
‘.. The Idaho National Engineering and Environmental Laboratory Page 7-5

Drill 1st Quad Mounting Hole

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)

/Mcummg Hole
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Drill 2nd Quad Mounting Hole

(Copy 1st and modify)
; swing 90 deg. inel.
Locate(0,0,0,1,0,-90)

le

/ Mounting Hol

{ ; orient drill
Locate(0,1.4,-.31,1,0,0,-90)
{
Within_inside
{ ;drill hole
Cylinder(0,0,.001,.04,.4)
}
}
} Mounting Hole
:/_‘\,
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Create 1st Mounting Hole

; swing into position
Locate(0,0,0,1,0,-45) Mounting Hole
{
locate(0,1.65)  ; mounting circle

{

within_inside{ cylinder(Ift insul)}
within_inside{ cylinder(hole)}
within_inside{ cylinder(rht insul)}
}
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Create 2nd Mounting Hole

(Copy of 1st mounting hole)
; swing into position
Locate(0,0,0,1,0,-135)

Mounting Hole:

locate(0,1.65)  ; mounting circle

within_inside{ cylinder(Ift insul)}
within_inside{ cylinder(hole)}
within_inside{ cylinder(rht insul)}
}

Mounting Hole

N
!
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1st Wiring Slot

Wire Slot

;swing -22.5 deginel e
Locate(0,0,0,1,0,-22.5)
{
Within_inside
{ ; define 3D box
; on mounting
; circleradius
box3d(-.3,1.5,-.201,.3,2,.001)
}
}
-

& The Idaho National Engineering and Environmental Laboratory
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2nd and 3rd Wiring Slots

(copy 1st slot twice)

; swing -67.5 deg 2nd
Locate(0,0,0,1,0,-67.5)
{ Wiring Slots.
Within_inside
{ ; define 3D box
; On mounting
; circleradius
box3d(-.3,1.5,-.201,.3,2,.001)
}
}
; swing -112.5 deg 3rd Witing Siot
Locate(0,0,0,1,0,-112.5) s

{

(second copy of slot)

}

s,
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8. Geometry File Lab

Write several geometry files:
¢ A 2D cylindrically symmetric design
e A 3D asymmetric design

¢ Additional components for the speedy
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Ao

Electron Gun

2-D Model
with
cylindrical
source.

i,
-

3-D Model
with
rectangular
source.
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8. Geometry Files — Creating 2D and 3D GEM files

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

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

Create agem 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 agem file that will produce the 2D electron gun. Usereal units (inches)
in your geometry file and alocate 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 theionsin 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.

r— 1.050in 0.420 in
‘ ¢ +

0.030in
FEFEE
i 6400 in 0420
0.250in  0.200in 0.290in -
0.030in
¢— o.oeoinl
[} [}

1

—> 0.010in

0.970in

Figure8.1 2D cylindrically symmetric electron gun.

2. Referring to Figure 8.2 and 8.3, create a gem file that will produce the 3D electron gun. Userea units
(inches) in your geometry file and alocate command to scale the system to fit into an array of 140 x 45
x 45 grid units. Fly theionsin the file egun3dL1.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
egun3dl.gem and egun3d2.gem.
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0.420 in
5

1.050 in

0.030in

0.200 in

0.420in

0.250in

i< 0.070 in

0.400 in

N
0.150 in

l

0.1301in
y

0.970in

0.010in

—=H <

3D electron gun, symmetric about the X axis. Filament is0.012” wide (Z in this

Figure 8.2

view).

Isometric view of 3D electron gun design. Filament is0.012” wide.

Figure 8.3

For the Speedy

3. Addaset of X-Y deflectorsto the exit of the electron gun, check your design for beam distortion, how

can this be minimized?
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9.0 What is a User Program File ?

00 A user program file is an ASCII file with the .PRG
filename extension that contains the user program
segments for use with a potential array (.PA or .PAO).

[ It shares the name of the potential array it supports.
TEST.PRG would automatically be used to support
the TEST.PA array.

[0 User programs are associated with arrays not
instances.

The Idaho National Engineering and Environmental Laboratory Page 9-1

How SIMION Utilizes User
Programs

[J Each time the Fly’'m button is clicked SIMION
automatically compiles all user program files for any
instances that have user programs attached to their
associated potential array.

[ If Adjustable variables are found, the user will be
given a screen to view and change their initial values.

[0 User program segments are called only when ions are
flying within the array that the user program
segments support.
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User Program Segments

[0 The user program file contains user program
segments.

[J User program segments act like subroutines.

[J SIMION calls each type of program segment at
specific points in a trajectory calculation.

[0 Thus you must use a specific user program segment
to control a specific aspect of the trajectory
calculation.

il ! The Idaho National Engineering and Environmental Laboratory Page 9-3

The 9 Program Segments

e Initialize

Efield_Adjust
Mfield_Adjust
Accel_Adjust
Terminate
Other_Actions

e Init_P_Values
e Tstep_Adjust
e Fast_Adjust
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Integration into SIMION

4 Initialize Block Diagram of Trajectory Calculations and Where User Program Segments are Called
Init P Values ‘Compile All User Programs, RESET ADJUSTABLE VARIABLES and ARRAY:
— - and Let User ACCESS ADJUSTABLE VARIABLE:

— o e o o o o ]
Tstep_Adjust

Before Flying any lons Call SEG INIT_P_VALUEY

While lons Remain to be Flown

Fast_Adjust

[Before Fiying Next lon or Group - RESET STATIC VARIABLES AND ARRAYS|

Select Next lon or Group and Start o Fiy it

While Selected lon or Group Stil Flying|

[Determine Next Time Step to Use - Then SEG TSTEP_ADJUST
T

Compute lon Replsions - If Active

[Find Electrostatic Instance (If Any) - Then SEG FAST_ADJUST]

Efield_Adjust
Mfield_Adjust

Single Time Step
Integration Controller

[ sec otHER_AcTIONS |

If PE Pot. Update
Call SEG
FAST_ADJUST

[Compute E Fields - Then SEG EFIELD_ADIUST|

[Compute E Acceleration - Then SEG_ACCEL_ADIUST|

Ai:ceI_Adj ust

— Other_Actions M

Restore any SEG INIT_P_VALUES and/or
PE Updated Potentials

Find Magnetic Instance (If Any) - Then SEG FAST_ADJUST |

Compute M Fields - Then SEG MFIELD_ADJUS

[Compute M Acceleration - Then SEG ACCEL_ADJUST|

v
—Terminate

[Apply Refatvistic Total Acceleration Corrections as Required]
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Example - Good Style

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 lon_Ax_mm
Recall lon_Vx_mm

recall current x acceleration (mm/usec?)
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
Storelon_Ax_mm ; return adjusted valueto SIMION

Recall lon_Ay_mm ; recall current y acceleration (mm/usec?)
Recall lon_Vy_mm ; recall current y velocity (mm/sec)
Recall Viscous Damping ; recall the viscous

Exit ; exit to SIMION (optional statement)
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Bad Style - no Advantage

Runs no faster than a fully commented style.

defa viscous_damping 0,seg accel_adjust rcl ion_ax_mm
rcl ion_vx_mm rcl viscous_damping * - sto ion_ax_mm
rcl ion_ay_mm rcl ion_vy_mm rcl viscous_damping * -
sto ion_ay_mm rcl ion_az_mm rcl ion_vz_mm

rcl viscous_damping * - sto ion_az_mm
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Language Rules

[0 Case is Ignored (upper and lower case are the same)
O Blank lines and indention's are ignored
O The Semicolon ; Starts an In-Line Comment

0O The language is based on the HP RPN calculator format with a
10 register rotary stack:

2510*5/ ; means (25 *10) /5

O The Compiler looks for words and converts them into:
- Commands
- Numbers

- Variable Names and Labels
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Examples of Commands

+ or: Add

Adds contents of x and y registers, puts result in y-register, and
renames it as x-register ( e.g. 1 2 + becomes 3 in register where
1 was originally stored).

>KE or: Speed_to_Kinetic_Energy

Converts from speed (mmy/usec) to kinetic energy (el). On entry
the x-register is assumed to contain the ion's speed and the y-
register is assumed to contain the mass of the ion (amw). On exit
the x-register contains the ion's KE and the y-register is
unchanged. The >SPD command performs the reverse
transformation.

The Idaho National Engineering and Environmental Laboratory Page 9-9

Classes of Commands

¢ (Calculations
+ - */ SIN, COS, LOG

e Transformations
>DEG, >RAD, >KE, >P3D, >WBC

¢ Flow Controls
LBL, GSB, RTN, EXIT

e Tests (do next command if true else skip next command)
X=0, X<=0, X!'=Y, X>Y

e Communication to User and Variables
STO, RCL, R/S, KEY?, MESSAGE
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Types of Variables

e Adjustable Variables (defined at top of program file)
DEFA MY_VARIABLE 30.0
Global and lasts throughout a Fly'm

o Static Variables (defined at top of program file)
DEFS TIME_FLAG-2.0E4
Global and Reset to initial value before each ion is flown

e Temporary Variables
STO LUCKY
Local and Temporary: Created with STO command. Name must be
unigue (not Adjustable, Static, or Reserved variable name)

¢ Reserved Variables
Ion_Color Ion_Charge Ion_Px_mm
Used to communicate with SIMION. Each Program Segment has
specific read and write access to various reserved variables.
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Session 9 - Lab on User Programs

Files. C:\Advanced SIMION Class\09. User Program I ntroduction\L ab

Using an Existing User Program

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

N

ook w

© N

10.

11.

12.

13.

14.

15.

16.

17.

Remove al PAs From RAM

Use New to create anew array using EINZEL.GEM from directory
C:\Advanced SIMION Class\09. User Program Introduction\L ab
Save the array as EINZEL .PA# and then Refineit.

Remove al PAs From RAM

Use View to load EINZEL.IOB (EINZEL.FLY loads automatically)
Fly the ions and see that they focus properly.

Now exit View and click on the GUI file manager button

Select the file named RANDOM .PRG, click the Other button and rename the file to

EINZEL .PRG.

Return to the main SIMION menu.

Notice that the Test & Debug Selected PA’sUser Progs button is unblocked. SIMION has
recognized that there is now a user program associated with the EINZEL.PAO potential array.
Click the Test & Debug button to access the user program development system (just a quick [ook).
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.

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.

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

Re-enter View and fly theions. 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!

Y ou can turn off the user programs for asingle run. Click Fly’m and then Click the On button to
turn the user program off, and then fly the ions.

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

Perhaps you would like to change the starting values for the adjustable variables in the user
program. Click the PAstab and then the Debug button to access the user program devel opment
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 changesin 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 isto create a marker every time akeyboard key is pressed. Thisisredly avery
simple task.

1.

2.

Click the PAstab and then the Debug button to access the user program devel opment screen.
Now click the Edit button to access the user program file with EDY .
Add the following two lines at the bottom of thefile;

seg other_actions
key? x!=0 mark

Thefirst 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 akey

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 asingle marker. It uses the currently selected marker
color and can be used as atrigger event for data recording. The mark command
isexecuted if the x!=0 test istrue.

Now save the changes and exit EDY: ESC QY. Test compileyour 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.
Fly the ions as dots with the speed dlider to the center to slow theions down abit. Hit the
spacebar and watch for markers. Can you create markers anywhere? What is the problem?
Remember, an array’suser program will only be called when ions are actually within its
instance's array volume,

Additional Challenges

1.

2.

Modify the user program to output the ion’s x, y, and z position in workbench coordinates (mm)
when you hit akey. Hint: The MESSAGE, LBL, GTO, and EXIT commands might be helpful.
Change this program to output X, y, and z in 3D array coordinates and then in absolute array
coordinates.

For areal challenge calculate and display the ion’s KE when you hit akey. Hint; The >P3D and
>K E transforms might be helpful.
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10.0 Arrays in User Programming

e Both adjustable and static arrays (variables) are now
supported via user programs.

e Up to 200 (total) unique adjustable and static arrays
allowed for all user programs.

e Array data can be stored-to and read-from ASCII
files. Maximum of Save and Load commands for all
user programs is 200.

= ! The Idaho National Engineering and Environmental Laboratory Page 10-1

Array Format and Size

¢ All arrays are one dimensional. Index mapping is the
responsibility of the user.
(e1

€2
€3

e.n)
e Each element (en) is a double precision floating point
number (8 bytes).

e Index starts at 1 (not 0). Size is heap limited.
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Defining Arrays

e Adjustable arrays:
Command: ADEFA or Array_Define_Adjustable

ADEFA Name Size ; "filename"

Name = name of array
Size = number of array elements
"filename" = file containing initialization values (optional)

ADEFA my_array 100 ; "energy.dat"
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Defining Arrays

e Static arrays:
Command: ADEFS or Array_Define_Static

ADEFS Name Size ; "filename"

Name = name of array
Size = number of array elements
"filename" = file containing initialization values (optional)

ADEFS my_array 100 ; "energy.dat”
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Addressing Arrays

e Array elements are called with ARCL and stored with
ASTO commands.

When using ASTO, the va/ueis held in the y register,
the index in the x register:

7 ; valuein y register
50 ASTO my_array ; placed at index 50 in my_array

; stack rolled up, val/ue (7) now
in X register

When using ARCL, the index is placed in the x register
and ARCL replaces this index with the valve.
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Lifetime of Array Variables

¢ Adjustable array variables:

e Are initialized to zero (or from a file) before any Initialize
program segments are called.

e Values are retained throughout the period of ion flying.
Globally visible.

e Static array variables:

e Are initialized to zero (or from a file) immediately before
each ion (or group) begins to fly.

e Values are retained only until the end of the flight. Globally
visible.
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Array Initialization Options

e All array elements (adjustable and static) are
first initialized to zero as described previously.

* A file containing array initialization data can
be loaded after the array has been pre-
zeroed.

ALOAD array_name ; "filename"

(the name of the file comes after the semicolon and is inside
quotation marks)
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Array Initialization Options

o SIMION will read only the number of values needed
to fill the array (defined by size in ADEF).

o If there are fewer values in the file than the defined
array size, the remaining values in the array will be
zero.

e Files are free format ASCII, numbers separated by
spaces or commas, blank lines allowed, the ";"
recognized as start of an inline comment. Maximum
line length 200 characters.

e Errors in file format are trapped and flagged.
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Array File Saving Options

e ASAVE or Array_Save command.
ASAVE my_array ; "filename"
Saves contents of array my_array to file named "filename"

e If "filename" already exists, contents will be
destroyed and new data inserted (not appended).

e Format of file is ASCII with 5 coma-separated
numbers per line.
1,2,3,4,5
3,5.7,6,8
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Array Summary

Array Types:
e ADEFA Defines Adjustable Array
e ADEFS Defines Static Array
e ALOAD Load array with values from an ASCII file
e ASAVE Save array contents to an ASCII file
e ASTO Store a number into an array element

e ARCL Recall a number from an array element
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The Init_P_Values Segment

New User Program Segment

e Used to initialize an entire fast-adjust array (e.g.
.PAOQ) before flying any ions.

e Used in place of fast_adjust to increase speed (when
appropriate).
e Best for flying large number of ions in small arrays.

e Only applicable when fields do not change during ion flying.
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The Init_P_Values Segment

e Unlike all other program segments, ions do not
have to be in the instance for Init_P_Values to
be called.

e This means ion and instance context have no
meaning within an Init_P_Values segment.

e Can access only these reserved variables:
o Adj_Elect00 - Adj_Electro30
e Adj_Pole00 - Adj_Pole30
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The Init_P_Values Segment

¢ No instance related coordinate transformations
allowed (>WBC etc).

e Can retain changed potentials at end of fly'm
using the reserved variable:

Retain_Changed_Potentials

by saving a non-zero value to this variable
within any Terminate segment.
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Init_P_Values Example

Defa Tune_Voltage 100 ; tuning voltage default
Seg_Init_P_Values ; beginning of segment
RCL Tune_Voltage ; get tuning voltage
STO Adj_Elect01 ; store in fast adjust electrode 1
Exit
Seg_Terminate ; beginning of segment

1 STO Retain_Changed_Potentials ; set variable to non-zero
; to save ending potential.
Exit
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Session 10 - Lab on User Programs

Files. C:\Advanced SIMION Class\10. User Program I ntroduction\L ab

Modifying an Existing User Program

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

1
2.

3.

10.
11.

12.

13.

Remove al PAs From RAM

From View load the file tune.iob from directory

C:\Advanced SIMION Class\10. User Program Introduction\L ab

Fly theions. 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?

Click the PAstab and then the Dbug button to get to the User Program file screen.

Click edit to see the user programin 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.

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

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?

Get to the ion definition screen and increase the number of ions being flown to 15 for each group.
Fly theions with agoal of 1 e-5 and time how long it takes to complete all trajectories. (It will
abort after 20 iterations). Write down the time.

Get back to the User Program screen, and then into the user programin EDY .

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.)

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 isit faster?

Use manual fast adjust to set the middle electrode to 300 volts. Now fly theionsin 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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11.0 User Programming Tricks

. Important concepts
. Useful overall strategies

. When to use various user program
segments

L
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User Program Files

. A user program file contains one or more
program segments (functions).

. Each user program file is associated with
one and only one potential array.

. Each potential array can be associated
with one and only one user program file.

. User program files share the name of their
array (e.g. einzel.pa0 <> einzel.prg).
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Legal Program Segments

Only one segment of each type can be in a user program file

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

L~
= ! The Idaho National Engineering and Environmental Laboratory
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Program Segment Access Rules

. Each program segment is ONLY accessed

at specified points in the trajectory
computation cycle.

. The ion MUST be in an instance that

references a potential array that has a
user program file containing the program

segment (e.qg. Initialize). The ONLY

exception is the Init P Values segment.
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Program Segments and Calculations

Block Diagram of Trajectory Calculations and Where User Program Segments are Called

Program Segments

Compile Al User Programs, RESET ADJUSTABLE VARIABLES and ARRAY
and Let User ACCESS ADJUSTABLE VARIABLES)

Initialize
Init_P_Values
| _— Tstep_Adjust

Fast_Adjust
/%Efield_Adjust
Mfield_Adjust
?Accel_Adjust
Other_Actions

| Terminate

-

Compute M Fields - Then SEG x
Compute M Acceleration - Then SEG ACCEL_ADJUS

—[Apply Relatistic Total Acceleration Correctons as Required]
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Segment Access Paradigm

. Reserved Variables used for communication

. The propose and modify paradigm:
. 1. SIMION calculates: proposed time step

. 2. SIMION calls Tstep_Adjust (as per rules)
passing value in ion_time_step

. 3. Tstep_Adjust examines and/or modifies the
value in ion_time_step

. Reserved Variable r/w access is controlled
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Reserved Variables

. Reserved Variables used for communication

(PA's Coorcire)

WB Coordinaes)

Voltggid unit
(PA'sOrientation)

mmimicro:

Trajetory._Image, Control

Retan_Changed_Polerias

cherged poenials
end of Fy
Updite PE Srfece New PE Sufacé | VESI=0 Noe e Adions
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Temporary Variables

. Visibility: Visible only in user program
segment that defines it

. Lifetime: Exists only during a reference to
the program segment

. User Adjustability: No
. Conserves Changes: No
. Error Trapping: Yes (for sto without rcl)
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Static Variables & Arrays

. Visibility: Globally visible to most user
programs except: Initialize, Init_P_values,
and Terminate.

. Lifetime: Reset before each ion or group
flight.

. User Adjustability: No
. Conserves Changes: No

P
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Adjustable Variables & Arrays

. Visibility: Globally visible to all user
programs

. Lifetime: Values conserved throughout
entire fly'm (including reruns).
. User Adjustable:
. Before ion flying starts
. During ion flying (via AdjV tabbed screen)
. Conserves Changes: YES (before fly'm)
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Controlling Variable Visibility

(55 [ ] ] 55 oo oo mearnr]

s = All _OK
el Adjustable Leading
Variables Underscore
Adjustable
Variables

AdjV runtime Screen

. djustablé Variables
. Use leading underscore in names to see
(e.g. _Left_Electrode_Voltage)

=
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Controlling Variable Visibility

. Use Adjustable & Static Arrays for Flags

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)

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

rcl flag
1 sto flag
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Creating Integrated Demos

T e e
oun [ ¥[=]

D (xy) =:860-/32012, y:-166.962867 ma

1. Ke to Velocity
(Test Demo)

777777 Begin Next Flytm -
P

[Relutivistic ke —> v Test
[An el Th ke - irs rest mass

v TR Sarn

v D 5.5983788121005 mm/usec (expacted)

v Z 2lsveziuuser00s musce (SIMION)

ke T 511099906 e+005 eV (st mass Ke)

ke = 510390056a1005 eV (5IMION v kit fn)

ot = mm /v ;array and workbench 1000mm lon
tof - 3.85166611a 003 taco (axpecred)

oL 3lUS1866836-003 usec (S

INon Relativistic ke > v rest

[ proton with ke — lav

W e

Vo 1.366112036+001 mm/uses (expected)

v D 1l388112086+001 m/usec (SIMION)

ke = 110000000 21000 eV (dafined i

ke = 9599909988 001 v (5IMION v ki fn)

tof = 1000mm / v sarray and workbench 1000mm
TOL - 1.228888696+001 wsee (cxpected)

wor = B8BGSe+00L usee (SIMION)

1

L21]
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Creating Integrated Demos

1. Ke to Velocity (Test Demo)

e, o e TR o o W A G 1

Tafina Tons By Group™\ (Dafing Tons Tndivi ™
i o v o o Tanto-tTy ] [Lond si] [seve] [acge]

[Ezafoctory Growp 3771  [Usc Eiostrons] [Use rrotons]

Dotault Grp|[Restore Grp|[cut Grp][Copy Grp][Paste crp)

Paramotors of Scloctod Ion GIoup

[ 3000 | [Dotta 05— p.ppUpDeioy used

[iTrot ton's tse b-AR5753030% 01 o [Datte

0. T WhEn to Rocord Thess Dats Tioments

Ton's sprat] [ALL Markers
— = — ===
[Fiese fy 30000 au) [oetta v + 00000 au]

[ oo | |l oo ml| |10 000 =]
s e — e P oeoEe] |E v 0oy ma] | | ][ ooy m] | [z ]I TR
Format to Usc For Recorded Data
Include Hoador]  [Bate & Time| [Elignt Scttings] [Descrine Tons|
[Ficst ton's ke 5 109590600+05 e [Delta K 0. o] |Motes i

Semmore] e v | Erecisios ) |
| [ Rreee mer oy ]

= Markars o] [t ker Stepa 1-pppatdy usec.] [cotor 1] ‘
[To Dev/File: oL iio anager]

Data Recording

lon Definitions Data Recording
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Creating Integrated Demos

1. Ke to Velocity (Test Demo)

seg other_actions

el ion_splat x=0 exit
1 rclion_mass x>y goto fons jump if proton

;exitif ion hasn't splatted

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

irelativistic velocity from

;2= 1(sqri(1 - vvic*c))
message ;v = c¢*sqr(0.75)

; given ¢ = 2.99792458e+005 mm/usec
message ;v = 2.50627884e+005 mmlusec (expected)
relion_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)
rclion_mass  get mass of electron
rclion_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)

rclion_time_of flight ;tof computed by SIMION
message ; tof = # usec (SIMION)

message ;

exit

N
[} ]

The Idaho National Engineering and Environmental Laboratory

bl ions
message ;Non-Relativistic ke -> v Test
message ;A proton with ke = 1eV
message ;v = sqrt(2 * ke/m)
IV = sqri(2.0 * 1.60217733e-19/1.6726231e-27)
wwhere leV =1.60217733e-19

;proton data output

R proton’s mass = 1.6726231e-27 kg
message ;v = 1.38411203e+001 mmlusec (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
rclion_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
message ; tof = # usec (SIMION)
exit

;tof computed by SIMION
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Creating Integrated Demos

. 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)

The Idaho National Engineering and Environmental Laboratory
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Randomizing lons

. Use Initialize Segment to Randomize Ions

_Random Directory

Initialize
Input lons

Group of ions with identical i
starting parameters.

Adjustable Variables

Percent_Energy_Variation
Cone_Angle_Off_Vel_Axis

P
{ §
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Randomizing lons

. Initialize Segment Strategy

Get ion’s velocity components from SIMION

Get polar v components Convert to 3D polar and save speed plus az and el angles

Compute KE get ion_mass, recall speed, convert to ke, and save ke
Randomize KE use rand and percent_energy_variation to randomize ke
Convertto v 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)

Create random conical
pattern in vertical
Convert to 3D Rectangular
Swing back to az =el =0

Rotate entry el rotate vector initial el angle
Rotate entry az rotate vector initial az angle
Pass V Rect. to SIMION pass ion’s velocity components back to SIMION
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Initialize for Random lons

 this user program randomly changes the inital 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
le 9.90.0is full hemisphere, 180 is a full sphere)

you can use it with your own lenses without modification
(just rename user progra 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

initilize ion's velocity and direction
get ion’s initial velocity components
 geton's specifled velociy components

seg iniialize

fclfon_vz_mm
rclion_vy_mm
el fon_vx_mm

convert to 3d polar coords
 convert to polar 3d

save polar coord values
; store ion's speed
; store ion'’s az angle

; store ion's el angle

sto speed rlup
sto az_angle rlup
stoel angle

make sure Percent_Energy_Variation is legal -
+force 0 t_ Energy_Variation <= 100
rcl Percent_Energy_Variation

100 x>y rlup sto Percent_Energy_Variation

make sure Cone_Angle_Off Vel Axis is legal
; force 0 <= Cone_Angle_OIf_Vel_Axis <= 180
| Cone_Angle_Off_Vel_Axis abs

180 x>y rlup sto Cone_Angle_Off_Vel_Axis

;- calculate on's defined ke
rcl ion_mass ; get ion's mass
ol speed ; recall its total speed

ke ; convert speed to kinetic ener

sto kinetic_energy save ion's defined kinetic energy
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compute new randomized ke
nvert from percent to fraction

ol Percent_Energy_Variation 100 /

o dalenergy 3* and *

ol del_energy - 1+ fac

o _energy* :

2 del_energy * rand

; convert new ke 10 new spe
fclion_mass

; recall ion mass.
o<y ;swap x any y
>spd i 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 -
=== 0 cone can be generaed ia rotatig az - 90
(2 * Cone_Angle_Off_vel Axis *rand)
2 1c1Cane._Angle Off Vel #os - ran
Cone_Angle_Of Vel Axis + 90
el Cone_Angle_Off Vel Axis - 90

compute randomized az angle change
his gves 360 efecive because of +- clevation angels
180 rand * 90 - i +90randomized az

B recall new ion speed
el speed ; recall new speed

st polnx = speed. y = a7

>r3d Coomen (polar 3010 rect 30

el rotate back to from 90 vertical -

90 >elr

el rotate back to starting elevation
el el_angle >elr

- az roate back 10 Starting azimuth -
ol az_angle >azr

updatefon' veloity components v new values
Sto fon_wx_mm

luy
sto ion_vy_mm sretum vy
rlup

sto ion_vz_mm sreum vz
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Another Randomizing Example

Monte Carlo example

Secondary ion energies (fitting)

In

— Molecular lons
- Electrons

Relative Intensity
o o o o
[=2 ) S o = N

10 20
Stopping Energy (eV)

30

Energy (€v)

Molecular lon Energy Distribution

2
o ¥ = 3472240 - 865,99 + B19.18x" - 358.17¢" + TL6BOC - 29558 + 0.0112
8
6
4
2

02 04 05 o8 1
2

random number from 0-1
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Another Randomizing Example

. Monte Carlo example cont.
. Secondary ion energies (coding)

;molecular energies
rand sto x
;get random number x (0-1)

0.0112
; +0.0112

2.9558 rel 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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Controling Times and Time Steps

. Critical Timing Example
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Controling Times and Time Steps

. Strategy: Tstep_Adjust via Ion_Time_Step

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
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Binary Boundary Approach

. Use Tstep_Adjust and Other_Actions

«—Kill Radius = 25 mm
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Binary Boundary Approach

. Strategy
Other_Actions Control Tstep Control
If boundary crossed If half step flgg not set
if not too close exit
restore prior ion state else
save time_step get saved time_step
set half step flag halve it
save to ion_time_step
else . clear half step flag
save ion’s state
(Px,Py,Pz,
Vx,Vy,Vz, TOF)
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Fast Adjusting Potentials

. Strategy: Fast_Adjust or Init_P_Values

. Time varying fields: Fast_Adjust (only)
. Tstep_Adjust may be needed for step size control

. Static fields: Fast_Adjust or Init_P_Values

. Fast_Adjust for large arrays and smaller numbers
of ions.

. Init_P_Values for smaller arrays and larger
numbers of ions.

. Conduct time trials (very useful).
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Specifying Known Fields

. Strategy: Mfield_Adjust or Efield_Adjust

. Fixed Magnetic fields (Mfield_Adjust)
. Use field-free magnetic array

. 0 sto BfieldZ_gu ;Zzero Bz
sto BfieldY_gu ;Zzero By
rcl _Bfield_gauss ;get Bx from Adj. Var.
sto BfieldX_gu ;save user defined Bx
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Specifying Known Fields

. Strategy: Mfield_Adjust or Efield_Adjust

. Measured Magnetic fields (Mfield_Adjust)
. Use field-free magnetic array
. Adefa Bfield 10000 ;"mfield.dat” measured B

. Get ion’s gu coords (abs or 3D)
Use to get interpolated B fields at point
Pass Bx, By, and Bz fields back to SIMION
(see measured magnetic fields example)
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Specifying Known Fields

. Strategy: Mfield_Adjust or Efield_Adjust
. Analytic Electrostatic fields (Efield_Adjust)

Selectively use

Compute and store
potential

Compute and store
x gradient

Compute and store

seg efield_adjust

3 rclion_number x<=y exit

rcl ion_px_mm entr *

rcl ion_py_mm entr * -

10/ sto ion_volts

rcl ion_px_mm 0.2 *

rcl ion_mm_per_grid_unit *
sto ion_dvoltsx_gu
rclion_py_mm -0.2 *

rcl ion_mm_per_grid_unit *

;quadrupolar field
:use refined field <= 3

T X2

; (X2 - y"2)

; (X2 - y"2)/10

; volts/mm x gradient
; volts/gu x gradient

; pass to SIMION

; volts/mm y gradient
; volts/gu y gradient

y gradient sto ion_dvoltsy_gu ; pass to SIMION
Zero z gradient 0 sto ion_dvoltsz_gu ; no field in z
exit
,-"‘\7
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Modifying lon Accelerations

. Strategy: Use Accel_Adjust

seg accel_adjust ; beginning of accel_adjust segment
rclion_time_step x=0 exit ; exit if zero time step

rel 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 - 3 (1 - eN(-(t * damping)))

rcl tterm / sto factor ; factor = (1 - e/(-(t * damping)))/(t * damping)

Drag Demo

rclion_ax_mm
rclion_vx_mm
rcl damping * -
rcl factor *

sto ion_ax_mm

; recall ax acceleration

; recall vx velocity

; multiply times damping and sub from ax
; multiply times factor

; store as new ax acceleration

rclion_ay_mm
rclion_vy_mm
rcl damping * -
rel factor *

stoion_ay_mm

; recall ay acceleration

; recall vy velocity

; multiply times damping and sub from ay
; multiply times factor

; store as new ay acceleration

rclion_az_mm
rclion_vz_mm
rcl damping * -
rcl factor *

stoion_az_mm

; recall az acceleration

; recall vz velocity

; multiply times damping and sub from az
; multiply times factor

; store as new az acceleration
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Arbitrary lon Accelerations

. Strategy: Use Accel_Adjust
. Can define arbitrary field forces (e.g. 1/r>)

. Can define arbitrary field directions
. Always normal to ion’s current velocity
. Always parallel to ion’s current velocity
. Moving points of attraction
. Random points of attraction
. Whatever you can imagine

=
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Controlling lon’s Fate

. Strategy: Other_Actions
. Position
. Velocity
. Mass
. Charge

Color
. TOF (Most Powerful Program Segment)

User Programming’s

Master Controller

Splat
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Controlling lon’s Fate

. Strategy: Other_Actions
. Mass and/or charge
. Energy and/or position
. Boundary approaches
. Collision simulations
. Simulations involving jumps
. Selective ion marking (e.g. via color & marks)
. Selective ion killing
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Controlling lon’s Fate

Non-ideal grid

\

Resulting ion trajectories

Other_Actions
used to jump ions
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Controlling Successive Runs

. Strategy: Terminate and Initialize
. Via the Rerun_Flym reserved variable
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Controlling Successive Runs

. Strategy: Terminate and Initialize

Fast_Adjust
Init_P_Values

/ Set electrode potential \

- Terminate
Initialize

Get test results

If first run If goal attained then exit

set starting potential

A

Compute new potential

Clear Rerun_Flym flag Set Rerun_Flym flag
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Complex Multi-Run Simulations

. Monte Carlo -- Self-Charge Stabilization
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Afternoon User Programming Lab

. Self-directed lab. Do what interests you.

. Options:
. Form groups to work on a common interest
. Explore user program demos in reference
. Continue to explore a previous lab

. Attack the instructors

The Idaho National Engineering and Environmental Laboratory Page 11-38




12.0 User Programming Lab

. Self-directed lab. Do what interests you.
. Options:
. Form groups to work on a common interest
. Explore user program demos in reference
. Continue to explore a previous lab

. Attack the instructors

n
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Demo Topics in Reference

Critical Timing

Boundary Approach
Measured Magnetic Fields
Symmetry Jump
Non-Ideal Grids

Monte Carlo

4 2
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Short Strategy Discussions

. As Time and Interest Permits
. Measured Magnetic Fields
. Symmetry Jump
. Non-Ideal Grids
. Monte Carlo
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12.a Measured Magnetic Fields

e Problem: How to simulate measured
magnet fields with SIMION

e Solution: Save the magnetic field data
in an ASCII file, load the data file into a
user program array, and use
Mfield_Adjust to define the fields
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Tricks Used

o Potential Array data used to create data
file

e Data file loaded into user program array

o Mfield_Adjust uses linear interpolation of

array data to define magnetic fields to
SIMION
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Potential Array to Data File

Bx and Br saved to file

Markers

e Fly neutrals on
array intervals

e Use hollow
electrodes
(edge filled)

e Use time markers |
and data recording |

lon
Trajectories
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Comparison Simulations

e Fly first ion in
potential array’s
Field

e Fly second ion N
in data file’s field

e Trajectories are
almost identical

Trajectories
overlap
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For More Information

* See the Measured Magnetic Fields demo
in the user program reference directories

o Useful strategies
e Ways to create data file from array data

e Use of data files and user program arrays to
simulate fields
e 2D structure array addressing
e Linear interpolation of fields
e Conversion of 2D fields into 3D fields
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12.b lon Jumping Tricks

e Ton jumping tricks can be very useful
e Jumping between symmetries

* Non-ideal grid simulations

°?

e Other_Actions program segments are
used to jump the ions.
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Symmetry Jump Example

e Problem: Non-ninety degree housing
symmetry causes unwanted jags near
some surfaces.

e Solution: Create two or more housings
with array orientations appropriate for
portions of flight.

Then jump ions between housings.
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Create Housings with GEM

e Each housing is orientated differently

e

-
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Project Housings

e Shift Housings in z and orient properly

/Lower

Upper

e
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Jump lons Between Housings

e Use Other_Actions and radius criteria

Jump fixed z
when at jump
radius
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For Detailed Information

e See Symmetry Jump Demo in user
program reference section.
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12.c Non-ldeal Grids

e Problem: Non-Ideal grid simulations can require
extremely large arrays

e Grid wires are usually very small and closely
spaced

e Remaining volume usually very large relative to
grid wire dimensions

¢ Solution: Use ideal grids in main array and jump ions
into and out of a non-ideal grid repeating volume to
simulate the non-ideal grid effects.
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The Tricks

e Use a small repeating non-ideal grid
pattern to simulate an arbitrarily large
non-ideal grid.

e It is important that the boundary
conditions match at jump in and out
points

e Jump instances are used to control action
(field free instances with other_actions)
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The Use of Jump Instances

Instance 1 base array
I'e

Instance 4 non-ideal grid
o I\ [ ]

Instance 3 jump back P \

IMPORTANT: Size instances to avoid Instance 2 jump out
jumping onto edges
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Ideal Grid Trajectories

Cross grid wires
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Non-ldeal Grid Trajectories

Cross grid wires

Non-ideal grids refract ions

lons hit grids
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Non-ldeal Grid Trajectories

Paraxial grid wires

Non-ideal grids refract ions sideways

lons hit grids

lon jumping is active
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For More Information

e See Non-Ideal grid demo in user program
reference section

e Demo includes 3D square grid simulations
also
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12.d Monte Carlo Simulations

e Problem: How to simulate and
understand self-charge stabilization
(electrostatic self-servos for sample
charge control)

e Solution: Use SIMION with complex
user programs and Monte Carlo
techniques to investigate the nature of
charge balance points.
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Tricks Used

e 6th order power functions used to simulate
secondary ions and electron ke

e Simulation keeps track of all charge
entering, leaving, and returning

e Target’s potential adjusted for charging
direction on each successive rerun (binary)

e Simulation terminates when charge
balance criteria are met
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Example of Charge Balance

Sample Target

Results

.

Extracted Negative
lons
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Charge Balance (electrons)

Sample Target Negative ions sacrifice
~1.| themselves for electrons

Extracted electrons
(green)

Results

.

Extracted Negative
lons (red)
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Charge Balance (electrons) with
Magnetic Field Suppression

Sample Target Magnetic field traps electrons &

restores secondary ion signal

RS

Results

.

< X
- A AR Extracted Negative
D - lons (red)
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For More Information

o See the Monte Carlo demo in the user
program reference directories

e Useful strategies
e Complex control

e Secondary ion and electron energy
distribution

e Data recording and display
e Magnetic field inclusion

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




