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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
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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
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(Nominally one step per grid unit)

o

Y ‘,j The Idaho National Engineering and Environmental Laboratory Page 3a-3

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.

The Idaho National Engineering and Environmental Laboratory Page 3a-8




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
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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/
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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.

=
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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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