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MonTec Particle Optics Simulation Tools

Overview

The MonTec Particle Optics Simulation Tools package supports the design and optimization of
particle optical systems in which the impact of Coulomb interactions on the system performance
is significant, e.g.:

e Electron- and ion-beam lithography systems,
e L ow-voltage scanning electron microscopes, and
e High brightness electron- or ion-sources.

The software provided by MonTec results from the research programs carried at out by Guus
Jansen and co-workers over the past two decades for Delft University of Technology and IBMs
General Technology Division in the USA. The theoretical models on which the MonTec software
is based have become the standard approach in particle optics to evaluate the impact of
Coulomb interactions in particle beams. The theory has been published in many articles and a
review can be found in the following publications:

1) G.H. Jansen, Coulomb Interactions in Particle Beams, Advances in Electronics and
Electron Physics, Supplement 21, Academic Press, Boston, 1990

2) G.H. Jansen, Trajectory displacement effect in Particle Projection Lithography Systems:
Modifications to the Extended Two-Particle Theory and Monte Carlo Simulation Technique,
Journal of Applied Physics, Vol.84, No 8, p. 4549 (1998)

3) P.Kruit and G.H. Jansen, Space Charge and Statistical Coulomb Effects (Handbook of
Charged Particle Optics, Ed. Jon Orloff, CRC Press, New York 1997)

The particle optics simulation software provided by MonTec was first commercially released in
1990 and is used by companies and universities around the world for the design and
optimization of electron- and ion-beam lithography systems and scanning electron microscopes.

Latest release features

The MonTec software has been recently (2003) upgraded into a Windows compliant integrated
modeling environment with the capability to apply and compare the following complementary
theoretical approaches to estimate the impact of Coulomb interactions in combination with lens
aberrations:

e Monte Carlo simulation, a brute force numerical method in which a bunch of particles with
randomly chosen initial coordinates, reflecting the properties of the beam in the vicinity of
the source, is traced through a user defined system,

e Analytical equations from the Extended Two-Particle (ETP) model as published in references
1 and 2, and

e Slice method based on a numerical integration of the analytical equations from the ETP-
model for a thin cylindrical slice of the beam.

The MonTec software provides the means to define a particle optical system, to apply the
analytical models for lens aberrations and particle interactions, to run and analyze the outcome
of Monte Carlo simulations and to compare the outcome of the different theoretical approaches.
It provides a modeling environment that is both powerful and easy to use. The performance of
particle beam systems can be evaluated with limited effort and without the need for a detailed
understanding of the underlying theory.
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Core software programs

The MonTec software serves to simulate electron (or ion) Gaussian beam, shaped beam and
projection lithography systems, electron (or ion) scanning microscopes and similar devices. The
MonTec package consists out of two separate, but tightly integrated, programs:

e INTERAC: An MS Excel based modeling environment to define and analyze particle optical
systems. It provides an interactive user interface to specify the properties of a particle
optical system consisting out of a particle source, followed by a succession of particle
optical components - such as lenses, quadrupoles, deflectors and apertures — separated by
drift spaces or spaces where the beam is linearly accelerated or decelerated. INTERAC
provides a plot of the system as it is defined, showing the various optical components and
the beam built-up from the first-order primary rays. The system plot is generated
dynamically, meaning that any changes made by the user to the input data are directly
reflected in the system plot. The system description defined this way is used by INTERAC to
calculate first order properties of the beam, the geometrical and chromatic aberrations and
the impact of Coulomb interactions. The same system description is used to execute both
the analytical and slice-method calculations and to generate the input files for the
corresponding MC simulation. The results of the MC simulation can be imported to allow a
direct comparison of the results obtained with the analytical approach, the slice method and
the MC simulation.

MC: A FORTRAN based program to execute Monte Carlo simulations. It can be run as a
stand-alone program or, which is more convenient, in conjunction with INTERAC. Monte
Carlo simulation of particle beams is a brute force numerical method in which a bunch (or
sample) of particles with randomly chosen initial coordinates, reflecting the properties of
the beam in the vicinity of the source, is traced through a user defined system. The
trajectories are determined by updating the positions and velocities of each particle at
regular time intervals, taking the Coulomb repulsion experienced from all other particles in
the sample into account. Lenses and other optical elements can be specified and are
modeled in the thin-lens approximation. The ray tracing can be repeated for a number of
samples, each starting with a different "seed" of initial conditions. The final coordinates,
accumulated from all seeds, are processed in order to reduce the information to a limited
number of characteristic quantities, such as the width of the energy distribution, the
defocusing distance and the spatial broadening in the plane of best focus. The particle
positions as well as their energy and spatial distribution are stored by to file for separate
analysis, for which INTERAC can be used.

Design objectives of the MonTec package

The MonTec Particle Optics Simulation Tools package has been designed to meet the following
objectives:

e Provide an Integrated modeling environment: INTERAC provides an interactive user
interface to specify the properties of a particle optical system consisting out of a particle
source, followed by a succession of particle optical components - such as lenses,
quadrupoles, deflectors and apertures - separated by drift spaces or spaces where the
beam is linearly accelerated or decelerated. INTERAC provides a plot of the system as it is
defined, showing the various optical components and the beam built-up from the first-order
primary rays. The system plot is generated dynamically, meaning that any changes made
by the user to the input data are directly reflected in the system plot. The system
description defined this way is used by INTERAC to calculate first order properties of the
beam, the geometrical and chromatic aberrations and the impact of Coulomb interactions.
The same system description is used to execute both the analytical and slice-method
calculations and to generate the input files for the corresponding MC simulation. The results
of the MC simulation can be imported to allow a direct comparison of the results obtained
with the analytical approach, the slice method and the MC simulation.
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Design objectives of the MonTec package- Continued

e Provide automatic parameter selection for analytical and Monte Carlo calculations. Given
the system specification, INTERAC automatically determines the input parameters for the
analytical and slice method calculations based on an analysis of the location of beam
crossovers, the location of the image planes conjugated to the source and the target and the
transverse magnifications from these planes to the source and target respectively. These
automatically generated input parameters for the analytical and slice method can be
overwritten by the user if desired. For the Monte Carlo simulations, INTERAC provides a
facility to automatically set some of the key MC model parameters such as the sample size
NSAM and number of seeds NSEED. For this, INTERAC evaluates the sample length relative to
the lateral dimensions of the beam, assuring that some user-specified critical ratios are met.
Based on the selected MC input data, INTERAC also estimates the run time of the
corresponding MC simulation. These facilities provide the means to balance the run-time and
the expected accuracy of the MC simulation prior to execution. The automatic parameter
settings provided by INTERAC allow the users to carry out analytical calculations and MC
simulations without the need to explore the details of the underlying modeling concepts.

Provide graphical tools to inspect Monte Carlo results. The various output files generated
by the Monte Carlo programming - containing the general output data, the energy
distributions, the spatial distributions in selected reference planes, the lateral particle
positions in selected reference planes and the complete phase-space co-ordinates of all
particles near the target — can be imported by INTERAC for subsequent analysis. INTERAC
automatically create plots of the energy and spatial distributions, the lateral particle positions
in the reference planes, as well as various cross-section of the phase space co-ordinates near
the target. INTERAC thereby provides the means to inspect all MC results in full detail and
replaces the program MCPLOT provided in the previous release of the MonTec package.

Provide data management facilities to design and administrate computer experiments:
INTERAC associates each case with a unique run-number and employs series IDs to allow the
user to specify groups of runs. Each run corresponds to a unique user-specified set of MC
input and output file names. Various file manipulations and data storage tasks can be
executed for a selected series of MC runs through a single instruction by the user.
Furthermore, INTERAC has incorporated the means to compare and plot the results of
different runs to investigate the dependency on system as well as model parameters.

Provide flexibility while assuring maintainability: INTERAC has been designed to provide
rich functionality and extensive flexibility. The user can specify various series of runs to
analyze a particle optical system under different experimental conditions, apply alternative
theoretical approaches, store the corresponding results and create customized plots to
analyze trends. The user may also change various modeling, data-management and plotting
parameters to tailor INTERAC to its specific needs. In order to assure that INTERAC can be
properly maintained, default settings can be retrieved on individual basis or for all parameters
as a whole. INTERAC includes various spreadsheet management functions to restore default
settings and clear user data.

Typical Usage

The MonTec Particle Optics Simulation Tools package is used by industrial R&D groups,
universities and research institutes around the world and is typically used to:

¢ Verify and optimize the design of high speed electron and ion lithography systems,

¢ Verify and optimize the design of low-voltage scanning electron microscopes,

e Verify and optimize the design of high brightness Schottky and field emission guns,

e Explore and evaluate novel particle optical concepts, such as e-beam projection systems and
high resolution & high throughput mask less wafer stepper, and

e Support university courses on particle optics.

Mastering the MonTec Particle Optics Simulation Tools is straightforward for students and
academic professionals alike due to its easy to use graphical interface, its interactive system
definition facilities, its fully integrated capability to apply different theoretical approaches, its
automatic selection of key modeling parameters, the comprehensive documentation, available
electronically and in book form, and the extensive literature on the underlying theory
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INTERAC user interface components

The INTERAC workbook consists of 16 user worksheets. These worksheets contain a mixture of
headings, guidelines, input cells, output areas, graphs and controls (macro buttons that activate
Visual Basic routines to perform certain tasks for the user), which together constitute the user
interface. The cell- and font-colors are used in a systematic way, e.g. input areas are yellow,
section headings are light blue, macro controls are gray etc. The sections below and on the
following pages show some of the worksheets and describe the key functionality.

Dashboard: The Dashboard worksheet groups the key user controls and entry fields to specify
the user workspace; to import and export files; to schedule MC batch jobs for background
processing; to perform data analysis and calculations; to store results to memory and to
execute spreadsheet management functions (such as the clearance of user data and the reset of
the program to its default settings). The figure below shows the Dashboard screen.

Dashboard | System | Section | MC_in | WC_out | MC_ecli | WG _s i | MC_pios | WC_cor | PlotDis | FlotPos | FlatCor | Runs | Results | PlotRuns1 | PlotRuns2 | About | Settings

Full Sereen Ond0F | Expand

| Collapse | Z00m |

¥ersion 1.7, Licensed to Caneval BY, 19/1/2004

Interac Dashboard

“% MonTec

Particle Optics Simulation Tools

File Locations and Selected Runs from Worksheet 'Runs'

MC run files MC executable and run-files drive & directory C: |'-MonTec'-MC I Browse
Workload & executable files (minus extension) (Workld |1\-'IC
MC files for data analysis MC input files drive & directory C: ‘MonTec'Demo'ln Sam? as | Browse
MC output fileg drive & directory C: ‘MonTee'Demo Out run files | Browse
Selected series Series ID {or "AlI” for all runs in all series) Systems Previous series Hext series Go to "Runs’
Humber of runs in series 5 specification
Selected run no. 1 Previous run Hext run area
Selected run Data file identifyer DEMO1 Run 1 - Series Systems :
System file identifyer DEMO1 DEMO1.DAT & DEMO1.SYS
Input and Output File Names for Selected Run: 1
File type |Enension Filename Exist ?
Input files MC-data input file IPAT DEMCT DAT TRUE
MC-system input file 5VS DERMCT SYS TRLUE
MC- coordinates inputioutput file COR DEMOT .COR TRUE
MC- general output file ouT DEMCH .OUT TRUE
Output files MC-energy distribution output file EDI CEMC EDI TRIE
MC-spatial distribution output file SDI DEMCT =01 TRIIE
MC- radial positions output file POS DEMCT POS TRLUE

Workload execution command line

FUMMEC Cibon TectDemotitDEMO * Workld CabonTeciDemotOutDEMO1

Monte Carlo Simulation (Automatic MC Parameters: Off)

Export input file MC DAT ¥ Export files Add selected run to workload Run job
Export input file MC SYS ¥ Add selected series to workload | Run workload Workload started: C:\MonTec'\MC'\Workld.BAT
Copy system data first 7 i3 Edit files Edit workload I Clear workload Cil..
Data Analysis for Selected Run: 1
Input files W Import MC DAT Show
- Completed - Run 1
Copy input deta to system ? v & MC 5Y5 files system P
General output file ¥ Import MC OUT file Completed - Run 1
Energy distribution file ¥
L7 Import MC EDI file Completed - Run 1
hizintain current scale T r Import Clear
Spatial distribution fil @ L imported
patial distribution file -
L files Import MC SDI file data Completed - Run 1
Maintain current scale 7 r
Positions file I
hisintsin current scale T I Import MC P05 file Completed - Run 1
Max no particles (<E0000) 5,000
Co-ordinates file I
hiaintzin current scale 7 I Import MC COR file Completed - Run 1
W no particles (=60000Y 5.000

Data Storage to Worksheet 'Results’

Extrac key results from OUT files

Store data for

Execute analytical calculstion *

selected run

Store data for
selected series

Clear all data
from memory

MC input & output data and analytical calculation
stored - Run 1

Spreadsheet Management

User data and settings: Reset all Clear all Reset all model Reset entire
Clear workshest 'Runs' data? 3 SCreens user data parameters spreadsheet Task abandoned
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INTERAC user interface components- Continued

System: The System worksheet provides an interactive environment to enter, review and
modify all particle optical system variables and parameters and to specify the model parameters
for the different calculation methods. An implicit ray-tracing module displays the beam
envelope, the primary rays, the properties of the source, the optical components and the drift,
acceleration or deceleration spaces in between the components. The optical properties such as
the angular and spatial distributions, optical planes conjugated to the source and the target
respectively and corresponding magnifications are estimated by the program to automate the
input for the analytical and the slice method. The figure below displays the top part of the
System screen, where the user can interactively define the system to be modeled.

Dashboard | System| Section | MC_in | rc_out [ mc_edi | mc_sai | MC_pos [ me_cor | Plowis | Piotros | Plotcor | Runs | Resuts | PiotRunet | PiotRunsz | about | Settings |

Enpand all areas | Collapse all areas | Full Sereen OniOi | Unlockeharts | Zoom |

Incresse abs | Decrease abs [ TO0DDE-02 Increase s | Decresse

System Definition & Calculations

0.0001x

Expand | Collapse \c:upg data from MC_in | Copy system data to MC_in |

System plot: Principal Rays in Total System - X direction

Set-up screen for system input | Reset for new system

Load demo system

Scale plot | Show system plot in separate window | System file: DEMOLSYS
12608 |
TAE-D4
24E-04
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E3 — — =
=T p— == =
-2EE-D4 el — e
el T T —_— —
—_— =
T T T e e = = = = = e e
o e —=====
Tl T e ————— e — — — —
TEE-04 ] - —
aze.02
LOE.00 10E-01 Z0E-01 30E-01 4.0E-01 5.0E-01 5.0E-01 TOE-01
Distance from source Z (m)
Legend: Straightline { Dashed asis: I on I off
Espand | Collapss | Source Properties
Category Geometric properties Unit Yalue Beam properties Unit Yalue
H-coordinate of souree centre HCTR m 0.0000E 00 | Farticle mass FMASS ! FM [kg 9.1096E-31
-coordinate of source centre YCTR m 0.0000E+00 | Aibsolure value of particle charge in elementary charge units MCHRG PG |- 1.0000E+00
Source SEalIaI diztribution t pe (1=Circular uniform, 2= Circular Gauzsian, 3= Rectangular) 0s - 2] Beam current at emission =]} A 1.0000E-D5
F i Soures half width in X-direction (HWHNM] SHW m 8.0000E-06) FiwHIM energy spread at emiszion FWE o 1.000DE-00
Souree half width in Y-direation (HWHNM] YHW m 8.0000E-05| Type of energy distribution (1= Unifarm, 2= Gaussian, 3=Larentzian] IDE 2
Angular distribution type (1=Circular uniferm, 2= Circular Gaussian, 3= MB thermal distribution) | IDA, - 1) Cathode temperature TCA [ 2.5000E-03
Eteam semi angle HWwHN AHW Fiad 5.0000E-03 | Beam semi angle HWHM corresponding to Cathod temperature AHW Fiad 172603
Expand | Collapse Optical Components and Drift Sections
Specification { value by beam section
Category ¥ariable description Unit 1 2z 3 4 5 & 7 3 10 Target
R Farticle interaction switch [0=0FF, 1= On) INTER - ) [ 1 1 1
eam
i Auial coordinate at start of sestion [first = source, last = target) z0 m 0.0000E.00| 1.6000E-01| 3.2000E-01| 4.8000E-01) 6.8000E-01 7.2000E-01
Eizam potential at start of sestion (= value at end previous sestion) | EW0 v 1.0000E -05
Collapse | active (1= Yes. 0= ko) lens-suitch 5 1 1 1
*-coordinate of lens centre HCTR m
-coordinate of lens centre YCTR m
Lenses [at
ctartofbeam | FoCd distanee F F m 1.E000E-01 1LE000E-01| 4.0000E-02
section] Sphetical aberration eosfficient [object side, infinit magnifiation] CE{Obinf)  |m 1LE000E-01 LEOODE-01| 4.0000E-02
Chromatic sberration cosificient [object side, infinit magnification] | CCiObjinf] | m 8.0000E-02 2.0000E-02| 2.0000E-02
Coefficient of rotational distorsion [magnetic lens) RO Fiad
Coeffisient of chromatic error in rotational distorsion (magnetic lens) | FC Fiad
Collapse | astive [z es, 0= ko) Defl-switch 5
Defleotors (af] 2124 defection in Hodirsction A m
start of beam | Angular deflection in Y-direation Av m
s2ction] Dispersion [shromatic aberration] soetfisient oc Fad
Collapse | Active [1=Tes, 0= ho) Apert-switch |- 1 1
H-coordinate of lens centre HCTR m
Apertures [at -
crart of b, | T-onondinate of lers centre YCTR m
section] Half width in %-direction #H m 6.6000E-04| 5.0000E-04
Half width in Y-direction YHEA m 6.6000E-04| 5.0000E-04
Shape index [1=Cireulur sperture, 2= Square sperture) ISHF E z 2
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The System worksheet provides the capability to advice on or automatically select the optimum
MC parameters - such as the sample size and the number of seeds - based on the properties of
the beam and certain criteria set by the user, such as the minimum sample length relative to
the lateral dimensions of the beam. All parameters can be overwritten by the user if desired.
The figure on the top of the next page shows the part of the System screen, where the user can
verify and, if desired, overwrite the MC parameters selected by INTERAC.
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INTERAC user interface components- Continued

Expand | Collapse | Monte Carlo Simulation Parameters | ic: | Off | _on | o
Key MC data input file parameters [See workshest MC_in for full details] MC system input file commands For data analysis and storage [Seeworkshest MC_in for full details)
ICONS MNDE MOTI NOT2 ISTOREE ISTORET1 ISTORETZ2 IMAT1 T2 Coordinates staragedretrieval [ Radial positions analysis and storage [0=ko, 1= in target plane, 2= | Energy distribution analysiz (0=Ne.,
MC input [1= s, D= ha) in plane of best Fosus, 3=in target and plane of best foous) | TEwithout PROCCD, 2=without and
files settings 2 50 50 100 1 1 1 -1 1 with PROCCOT
INTER NSAM MSEED MFIELD MSTER ISTEPA, IRLI MINT IPROC STOREC READC TER FMDTER FECTER STOREF SYMEER ASYEER
1 1.700 [ 10,000 2,000 1 [ 1.000 [] 1 [] 2 0 2 2 2 [
Beam section 1 2 3 4 5 [ 7 8 9 10 Target
Fay tracing i by beam section [=DRIFT1,2=0RIFT2,3=0RIF T3 2=Default] Z Z F F F
Ray tracing | mper of particles in the sample by beam section [MSAM) 1,700 1472 HE E 45
and run-time | Total number of particles by beam sestion in all seeds (NTOT = NSAM ¥ NSEED) 10,200, 2,239 5073 5073 5073
estimate | Espected run-time per section per seed (min] 2.268E-04] 21B5E-04 2778E02 27T78E02 2778E-02
All NSAMINSEED criteria met Total number of particles at source: 10.200] Minimum sample lengthi beam width:
Estimated total job run time (Settings: Comp. speed relative to benchmark - 1.00): 42 s Total number of particles at target: 5,072| Mazimum sample length? beam width:
Seale plor | = Beamuwidth Beam Diameter and Sample Length in Total System

—— Sample length
—— Sample length | Beam width

1.0E+02
g 10 """‘"'-——_.__,___‘__ e —— e
E 1.0E+00
g 1.0E-01
E 1.0E-02
?: 10E-03
= //"'""-_——'— ‘___'—_“—'—-—--....__‘_____...--———.__
1.0E-0¢
0.0E+00 10E-01 2.0E-01 3.0E-01 2(m) 4.0E-01 5.0E-01 6.0E-01 T.0E-01
Plot scaling |Linear scale (1] or logarithmic soale [2): 2| Reset automatic scaling |NSAM/ Minimurm sample length ¢ minimum beam radius all sections B.O0E-00 | ==> NSAM_source » 1,564| Suggested setting:
Lol Co-ordinate |Min scale Maz scale Margin % Min data Maz data NS.EEIEl Minimurm s ample length # masimum beam radius all sections 2.00E+00]( ==> NSAM_source » T32| NSAM-source 1,700}
r4 0.00E-00 7.20E-01 0 0.000E.00 7.200E-01) Set to Minimurm sample size at the target 100 == NSAM _source > 201) MSEED E|
F(2) 1.SEE-U-1 3_]9_E-UT u_x 1.SUU-E-U4 3.19:5401 default MlnlmumtDtaInumberOFEart\clesatthetarEet 5,000( -=> NTOT source » 10,053 MTOT-target 5,073
The analytical and slice method calculations are executed and stored on a per beam section
basis. The total system results are derived by adding the results obtained for the different beam
sections constituting the total system. Various controls are included to calculate the results for
an individual beam section or for all sections in one go. The total system evaluation can be
based on the analytical method only, the slice method only or a mix and match of the methods
on a per beam section basis, referred to as the "selected results". In the default mode the
program automatically selects the best method per beam section and the type of analytical
equations used (that is the equations for a beam section with crossover or a parallel beam
section). The System worksheet includes facilities to calculate and plot the analytical/slice
method results for various user specified ranges of system input variables in order to analyze
the dependency of the system performance on these parameters. The figure below shows some
graphs from the System worksheet depicting the various contributions to the total probe size for
an individual system input setting (top graphs) and as function of the beam current and beam
voltage (bottom graphs).
pse | Plots of Analytical Results for Total Probe Size
Comparison of total probe size i [Sel d width -d2573) G ical vs i i ibuti Compari: of diff width for rotal probe size
3.0E-05 SUEDE T.0E-05
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INTERAC user interface components- Continued

Section: The Section worksheet provides the means to inspect the results of the analytical and
slice method per beam section in more detail. The properties of the individual beam sections can
be copied from the System worksheet. This input can be subsequently modified to analyze the
dependency on the model parameters. The analytical and slice method calculations are dynamic,
which means that the results are shown immediately after the input has been entered. The
Section worksheet is used by the System worksheet to calculate the interaction effects in the
individual beam sections. The figure below displays the top part of the Section worksheet with
the input parameters and key results for the crossover section of the system defined in the
System worksheet.

Buns | Besults | PlotRunst [ Plotfunsz | About | Settings |
Expand all areas | Collapse all areas | Full Sereen Oniif | Unlockeharts Beam Section Definition & C: i Increase abs |Decreass abs| 1.ODDE-06] jnorease:: | Deor | 100
Expand | Collapse | Previous Section | Mest Section [ At same scale 1= | Plots of Key Results for Beam Section 4 - Beam with a Crossover Tune slice parameters
Scale plots | Geometry of Beam Section 4 Boersch Effect Trajectory Displ. Effect Space charge defocus  Build-Up Interaction Effects in Beam Section [Slice Method)
2E5E-01 4.0E-05
B.0E-05 g ) f\
SIE-04 35E-05 T.0E-05 = 2003
2.0E-01 =z
B4E-04 SO 6.0E-0 | 5
15E-0 SSEE 5.0E-0% ‘E i
- 1LE-04 g
E 2.0E-05 4.0E-05 =2
-3.1E-05 s 100
- (Gl 15E-08 F.0E-05 E
[X]
-23E-04
SoE-02 10E-0& 20E-05 1 g S0
-43E-04 50E-03 10E-05 B
=
-5.3E-04 D.0E00 0.0E+00 o080 E 0 "
0.0E+0 20E-02 4.0E-02 6.0E-D2 5.0E02 10E-01 12E-01 14E-01 16E-01 1ZE-01 2.0E-01 Analytical  Slice meth. EalvLCIS eS b LR T LS ] 0.0E+00 5.0E-02 10E-01 15E-01 2.0E-01
Filleffe sebected RD&FF- zelected —— RO zelected —— ROC- selected FWEOE [2V) FWE0R (m) DzF[m) © Eioersch effect Angular defl. Trajectory displ. —— 3C defocus
—— ROMs elacted —— ROM: solacted = —+— Asis & Slice Conters
Evpand_| Collapse | Plot Parameters & Key Results
Expand | Collapse [ Beam Section 4 Input Parameters
Category [Descripti Symbol __|Unit Input Value [Minimum M Remarks on selected input value
Beam current | 0 4.974E-06] 1000E-15
Bi=am patertial st start of section [non-relativistic) WINE, W 1.000E+05] 1.000E-15
Genoral beam section |f=oeleiationratic Vendhistart [Slice method orly) WRAT - 1.000E+00| 1.000E-15
properties Beam section length L m 2.000E-01] 1.000E-15
Transuerse magnification from physicsl mage plane to reference plane | TMP - 1.000E+00] 1.000E-15
Transuerse magnification from optical image plane o reference plans MO - 4_000E—12| 1.000E-15
Beam type: () section with crossover, (2] parallel section IET - 1 1 2|Beam section with crossover
Crossover position SC - 8.000E-01| -1.000E+03| 1.000E+03
Physical image plane position 5P - 1. Z00E+00
Opticalimage plane poskion Si0 - —5.000E+10
Input Input for beam section | Angular disibution tupe (1= Uniform, 2= Gauss, 3= Trunc. Gauss, 4= Square.| IDAD - 1 1 4| Square uniform angular distribution in crossover
parameters |with a crossover (nput  |Characteristic be am semi-angle (HwHM) ADC Rad 3.125E-03| 1.000E-15
forbeam  [requiredwhen BT=1) Maimum beam semi-angle (HWHM, used when IDA0=3] A Rad 3.125E-03] 1.000E-15
section Spatial distribution type (1= Uniform, 2=Gauss, 3= Trunc. Gauss, 4= Square.U| IDAC - 2 1 4| Gaussian spaial distribution in crossouer
Characteristic crossower radius [HwHM) RCC m 8.000E-05| 1.000E-15
Masimum crossower radius (HWHM, used when IDRC=3] RCM m 8.000E-05| 1.000E-15
Spatial distribution type (1= Uniform, 2=Gauss, 3= Trunc. Bauss, 4= Square. U] IDAD - 1 4
Input for parallel beam  |Charactetistic beam radius [HwHM) ROC m 1.000E-15
section (Inputrequiced | Manimum beam radius (HWHM, used when IDRE=3) ROM m 1.000E-15
whenlBT=2] Physical distance to image plane [Focal length] FLP, m 0.000E+00
Optical distance to image plane [Focal length] FLO m 0_000E+00
Relation between beam |Eeam section number ISEC - 4 1 10
section and total Include interaction effects in total sustem evaluation [1="Y'es, 0=Na) INT - 1 1] 1| Interaction effects included in system caloulation
system specification Interactions comelsted to next beam section (1=4'es, O=Ma] ICOR = [1] o 1| Interactions independent from other sections
Model selection 1] Use analutical formulas; (7] Uze slice method IMETH - il 1 2[Uze analical formulae
Ranges of results, denoted as user curves can be generated to assess the dependency of the
Coulomb interactions effects on the beam current and beam voltage. These curves are
calculated be means of control buttons and stored to the output areas on this worksheet. The
data is plotted in various graphs. The figure shows some user curves depicting the the FWg,:
energy spread generated in the crossover section as function of the beam current for different
beam voltages.
Hide Scales | Boersch Effect in a Beam Section with Crossover Boersch Effect in a Beam Section with Crossover [Analytical eq.]
Chow Goales Comparison of Analytical and Slice Method Results for Yarious Beam Yoltages
1.0E+02 10E+02
/ .00 gt
1.0E+01 / /
-
v /
A -
w =]
g = 1.0E+00 /
w w
k] >
T8 T8
LOE00 pral /
/ Ll =
1.0E-01 EoEss
1.0E-05 1.0E-04 1.0E-03 1.0E-02 1.0E-0 1.0E-05 L.OE-04 10E-03 10E-02 10E-M
1141 1Al
—— FWEDE - Analytical —i— FWE0E - Slice method —+— W = L.O0E.D4 —s— 4 = LO0E+05 W = LO0E«0G —_— ——
Collapse I

MonTec Product Brochure - v1.2 -8- 28-1-2004




INTERAC user interface components- Continued

Runs: The worksheet Runs facilitates the file management of all user specified MC runs. The file
ID's (that is the file names minus the standard extensions) corresponding to each run are listed
on this sheet and associated with a unique run-number. The top part of the Runs worksheet is
displayed in the figure below.

Full Screen O/ MC Fun Jobs Specilication
MC run & series specification System Input ML program parameter setting

Run |Series ID  |DAT file minus 5%'5 file minus

no ext. [max 10 char.)| ext. (max 10 char.)| | (uA) W 10 kV] NSAM NSEED DRIFTX
1 Default DEMO1 DEMO1 10 100 Automatic DRIFT2
2 Di-test DEMOIT1 DEMO1 100 100 200 100 DRIFT2
3 Di-test DEMO1T2 DEMO1 100 100 500 40 DRIFT2
[} Di-test DEMOIT3 DEMO1 100 100 1000 20 DRIFT2
5 Di-test DEMO1T4 DEMO1 100 100 2000 10 DRIFTZ2
[] Di-test DEMOITS DEMO1 100 100 5000 4 DRIFT2
¥ Di-test DEMO1TE DEMO1 100 100 10000 2 DRIFT2
8 Di-test DEMOIT? DEMO1 100 100 20000 1 DRIFT2
3 1) DEMO1I1 DEMO1 1 100 Automatic DRIFT2
10 |D1-IS DEMO1I2 DEMO1 2 100 Automatic DRIFT2
1 0i-15 DEMO1IS DEMO1 5 100 Automatic DRIFT2
12 |D-IS DEMO1I0 DEMO1 10 100 Automatic DRIFT2
13 |D1-IS DEMO1120 DEMO1 20 100 Automatic DRIFT2
14 |D1-IS DEMO1IS50 DEMO1 50 100 Automatic DRIFT2
15 |D1-IS DEMO11100 DEMO1 100 100 Automatic DRIFT2
16 |D1-¥S DEMO1VS DEMO1 10 5 Automatic DRIFT2
17 |D1-¥5 DEMO1YV10 DEMO1 10 10 Automatic DRIFT2
18 |DI1-¥S DEMO1V20 DEMO1 10 20 Automatic DRIFT2
19 |DI-¥5 DEMO1Y50 DEMO1 10 50 Automatic DRIFT2
20 |D1-¥5 DEMO1Y100 DEMO1 10 100 Automatic DRIFT2
21 |D1-¥5 DEMO1V200 DEMO1 10 200 Automatic DRIFT2
22 |D1-15-01 [DEMO1HD DEMO1D1 1 100 Automatic DRIFT1
23 |D1-15-D1_|DEMO10D DEMO1D1 10 100 Automatic DRIFT1
24 |D1-15-D1 [DEMO1100D DEMOD1D1 100 100 Automatic DRIFT1

MC-out: The data read from the various MC input and output files can be imported by INTERAC
and is stored in the worksheets MC_in (".DAT' and "SYS' files containing the system and MC
parameters input data), MC_out (.OUT' file containing the general output data), MC_edi (".EDI'
file containing the energy distributions at the target), MC_sdi ('.SDI' file containing the spatial
distributions in the selected reference planes), MC_pos ('.POS' file containing the lateral particle
positions in the selected reference planes) and MC_cor (.COR' file containing the complete
phase-space co-ordinates of all particles near the target). The figure below shows a selection of
the data stored in the MC_out worksheet. This worksheet provides the main results from an
individual MC run and compares it to the corresponding results obtained from the selected
analytical method.

Full Screen OndOF Expand Collapse Data from MC OUT General Output File: DEMO1.0UT and Comparison with Anahtical Results
Data extracted from MC OUT Input file: DEMO1.OUT Selected analytical results
Category Variable description Identifier Unit Value Yalue Rel.dif- [MC-A)MC
Source type [1=Round, 2=Rectangular, 3=Mult, 4= Multi te=t] ISRC = 1
Final spot shape [1=round, &= rectangular, 3=both RMOTER and RECTER ui IFSSHP - 2]
Final energy dis. shape (1=sum, 2= asy, 3=both SYMEER and ASYEER used IFESHP =
Auial coordinate of source 20 m 0.000E+00 0.000E+00
Beam properties Auial coordinate end of last ORIFT section 2T m 7. 200E-0 T.200E-07 0.0
Bieam curren at source ISOURCE A 1.DDUE—DSI 'I.DDUE—DEI 0.0
Bieam curren through last aperture ITARGET A 5.000E-06| . 974E-OF 0.5
Eieam voltage at source WSOURCE W 1.000E+05| 1.000E+05| 0.0
Bieam voltage in last DRIFT section WTARGET ¥ 1.000E+05 1.000E+05 0.0
o particlesinthe zample at the source SAM-zource 2 1700
o particlesinthe sample at the target SAM-target = 850
Tatal na. particles atthe target TOT-target 2 5.0
MONTEC parameters Relative statistical error in FWS0R - TER SE-F'w'50R = 552
Fielative statistical error in F\W/S0E - EER SE-F'w'S0E = 524
PROCCO used [!="es,0=Mo) FROCCO = 1
Reduction in FwS0E through PROCCO FSEFWSOE 2 0.6
Energy b deni Fie'HM energy distribution F'/HME W 1.087E+00) 1.057E+00| 2.9
[Boersch effect and F'wS0 energy distribution F'w/SOE =t 5. 256E-01 5. 161E-0 2.0
Spatial b dening F«/HM dizplacement distribution Fiw/HMR m 3. 015E-0:5] 3051508 12w
[Trajectory displacement |Average F'w'HM displ. Distr. in % and Y direction [F'wHM+F W HM I m 3.561E-05
effect) F'wS0 displacement distribution FhWS0R m 3. 865E-05 4. S6SE-05] =155
fF, Axial coordinate of reference plane used in TER'ENOTER/FECTER ZREF m T.200E-00 7. 200E-07 0.0
Space charge Avial defosus O2F m 1533605 2.079E-05 Taw
Fie/HM of final spot Fiuw/HMR m 3.404E-08|
fiverage F'wHM of final spotin 4 and®’ direction [F'wHM+F W HRINE m 2.437E-04]
Total spot resolution F''S0 of final spat Fw/S0R m 4. G51E-05
D285 edge width 412358 m 0.000E~+00) 5.4035-05' =100.05
02575 edge width d2575R m 1.851E-06) 2.603E-08] B536.3%
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INTERAC user interface components- Continued

MC_edi, MC_sdi and PlotDis: The energy and spatial distributions evaluated by Monte Carlo
simulation can be imported by INTERAC and are stored in the worksheets MC_edi and MC_sdi.
These results are plotted in the worksheet PlotDis. The figures below show a part of the data
listed in the MC_edi worksheet and the graphical representation of the distributions from the

worksheet PlotDis respectively.

Full Screen OnfOFF | Expand | Collapse | Data from MC EDI Energy Distribaution File: DEMO1.EDI
Section 1 Section Z
AE plAFE] pLAE]1F™ AE plaE] pLAE]F
2.8237E-02 2. 3500E+02 2.4235E+02 2. FTE03E-02 2 1300E+02 2 41FEE+0Z
5. 64TdE-O2 2. ST00E+0Z 2 421E+02 S.5207E-OZ 2 S400E+0Z 2 d03ZE+02
S.47TIE-O= 2. 0400E+02 2 403TE+0= S Z510E-0=2 2 SH00E+0= 2 F925E+0E
1.1235E-01 2. 5ST700E+02 2. 37TIE+02 11049E-01 2 4100E+02 2 36TSE+02
1. 4113E-01 2 4100E+02 2. 3439E+02 . 3S02E-0 2 2600E+02 2 334EE+02
1.6942E-01 2 2600E+0Z 2 3020E+0= .BSEZE-0O 2 1400E+0=
1. 9TEEE-01 2. 2000E+02 2. 202TE+02 L 9SZEE-0 2. 3200E+02
2. 2530E-007 2 2100E+02 2 1364E+02 2 Z2033E-0 1. 9700E+02
= S5415E-01 Z 1300E+0Z Z1336E+0= = 454 3E-0 2 S400E+0= :
2.823TE-O1 2 I600E+0E 2. 0650E+0= 2. TE03E-01 1. 95S00E+0= 2. 0541E+0=
3. 1061E-01 2.0700E+02 1.9313E+02 3.0364E-01 1.8700E+0Z2 1.9323E+02
3. 3554E-01 1. 3300E+0Z 1 9150E+02 3. 312dE-01 1. 9S00E+0= 1 SIE0E+02
3.6TOSE-O1 1 ETO0E+0E 1. 8310E+02 3. 5EE4E-01 1. 5300E+0= 1.5355E+0=
3.9532E-01 1. FEO0E+02 1. 7459E+02 3.8645E-01 1. 7400E+02 1. 7S2EE+02
& 2356E-01 1.5200E+02 1.E585E+02 4 1405E-01 1. EO00E+0Z 1 EEESE+0=
4. 517IE-01 1.3300E+02 1.5636E+0= 4. 4165E-01 1. FO0CE+0= 1.5 TISE+O=
4. 3003E-01 1.E000E+02 1.473ISE+02 4 B32EE-01 1.5000E+02 1. 4310E+02
S.0527E-0O1 1.5200E+02 1.3301E+02 4 SESEE-01 1. 4300E+0Z 1 40ZZE+02
5. 3650E-01 11400E+0z 1. 3010E+02 S 2ddEE-01 11300E+02 1 315VE+O2
5.6474E-01 11300E+02 1.2131E+02 5.5207E-01 1.2100E+02 1.2261E+02
5. 9Z235E-001 1.0S00E+0Z 112VIE+0Z 5. TIEVE-O 1 1300E+02 1 AE+0=
5. #121E-01 1AS0O0E+0z 1.0435E+0= 5. 07FZ7E-0O 1 Z200E+0= 1. 0S5E1E+02
6. 494 5E-01 9. FO00E+0 S.6256E+0 6. 3455E-0 S.5000E+0 9. 74TSE+D
5. F7EIE-001 S 0000E+00 S.8555E+0 G E248E-0 S A000E+0 8. 9639E+0
T.0532E-01 S S000E-+00 & T192E+0 G S00SE-0O 5. SO00E+0 8. 2142E+0
T.3HEE-01 T FO00E+0 T.4Z2TE+O] TATEIE-O1 T.S000E+01 T.o0IZE+O1
T E240E-001 5 3000E+01 5 FETSE+01 7. 4529E-01 5. 3000E+01 5. S2TEE+01
Full Screen On /O Expand Collapse | Plots of Energy and Spatial Distributions from EDI and 501 Ffiles: DEMO1.EDI and DEMO1.5D1 Unlock Charts
Section 1 from File: DEMO1EDI Section 2 from File: DEMO1EDI
EHERGY DISTRIEUTION +FIT: E0- 1.000E+05: Y HD- 50 HEXF - 0 HT- £ IFIE- 0 EHERGY DISTRIEUTION +FIT: E0- 1.000E+05: Y HD- 50 HEXF - 0 HT- £ IFIE- 0
10E+03
25EH0E EoE0Z
L] -
[~
2.0E402 20E+02 \ 206402
o ez o ez o ez
g = g
= 5 5
1OE+IE 10E+DE 40E+0Z
S0E+0 | 5.0E+M 20E+02
e | | i D.0E400 ! | | I L D.0E400
OE+00 Z.0E-01 A0E-01 &.0E-01 #.0E-01 1.OE+00 1.ZE+00 1.4E+00 OOE+B) 2.0E-01 d.0E-01 &.0E-01 3.0E-01 10E+DD 1ZE+D0 1AE+00 O0E+DD ZO0E-01 d0E-01 EOE-01 8.OE-EEI.OE¢00 1ZE+00 1dE+00 LEE+00
AE
Section 1 from file: DEMO1L.SDI Section 2 from file: DEMO1.SDI [z-direction) Section 2 from file: DEMO1.5DI [y-direction)
IMTERACTION DISFLACEMENT DS TRIEUTION ¢ FIT: HD- S0 HEXF- 0MT-& IFIZ-0 ZPATIAL DISTRIETUTION OF RECTANGULAR SFOT + FIT: MO-100 HERF- 1HT- £ IFI- 3 ZPATIAL DISTRIETUTION OF RECTANGULAR SFOT + FIT: HO-100 HERF- 1HT- £ IFI- 3
FOE+OE 20+ TOE+M
TOE+0E - &OE+N
A+ i+
R n= B S.0E+ E.OE+iN
50BN - —
= ¥ d0E01 oy 4ESH
hpRrI bl o
= R B sapem
ERT)
AT Z.OE+N ZAE+M
10EE 10E+01 10E+0
BAEwN | | 1 BAEwN BOERDD
WOE+D) 2.0E-DE d.0E-0E EOE-DEF F0E-0% WOE+D) Z.0E-05 4.0E-05 &.0E-05 F0E-05 1.0E-0d 1.2E-04 OOE+O0 Z.0E-05 4.0E-05 EOE-05 F.0E-05 1.0E-0d 1.ZE-0d
Section 3 Ffrom File: DEMOD1.5DI Section 4 from file: DEMO1.5DI [z-direction) Section 4 from file: DEMO1.5DI [y-direction)
IMTERACGTION DISFLACEMENT DISTRIEUTION + FIT: HO- 50 HERF- 0 MHT- £ IFIH-0 EFATIALDISTRIETUTION OF RECTAMGULAR SFOT + FIT: HD-100 HERF - 1HT- & IFIR- 3 EFATIALDISTRIETUTION OF RECTAMGULAR SFOT + FIT: HD-100 HERF - 1HT- £ IFIR- 3
LB TAEM
TOEM
256409 E0E+N
BOEHT
sews ] | RETCT
S.0E+N
., LEE — —
[ = r 4.0E+01
D s g aorn )
& = = gt
1.5Eind EAT]
1.0E+08 Z0E0 20EwH
S.0E+0E | 10E+D1 1.0E+1
OLOE+ND T | | 1 OLOE+ND DOE+DD
DOEHDD SOE-DS LOE-03  1.5E-0% z.nEns ZSE-08 ZOE-0F BSE-03 d.0E-03 DOERND EOE-0S  dOE-0S s.nz-\E HDE-05 0E-0d 1ZE-0d DOESD0  EOE-05  AE-0F  G.0E-05  .0E-05  LOE-04  A.2E-0d
r
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INTERAC user interface components- Continued

MC_pos and PlotPos:

The data from the MC '.POS' output file containing the lateral particle

positions in selected reference planes near the target can be imported by INTERAC and is stored
in the worksheet MC_pos. This data is plotted in the worksheet PlotPos. The figures below show
a part of the data listed in the MC_pos worksheet and the corresponding plots in the worksheet
PlotPos respectively. The blue dots refer to the unperturbed particle positions (without Coulomb
interactions) and the red dots to the perturbed particle positions (with Coulomb interactions).
The figure on the right hand side shows the displacements from the unperturbed positions and
the figure on the left hand side and in the middle represent the actual spot without and with
Coulomb interactions respectively.

Full Soreen Ontdf | Ewpand | Collapse | Data from MC POS (X,¥) Positions File: DEMO1.POS
Storage
Section 1 Section 2
Xperturbed “Yperturbed Hunperturbed | Yunperturbed Hperturbed Yperturbed Xunperturbed | “Yunperturbed

-3.0772E-05 -1.0260E-04 -3.0733E-05 -1.0265E-04 -3.0767E-05 -1.0261E-04 -3.0735E-05 -1.0264E-04
-1.7141E-05 3.2083E-05 -1. FIGOE-D5 3.2053E-05 -1.71S6E-05 3.2073E-05 -1.71r4E-05 3.2084E-05
-1.0573E-04 -6.1540E-05 -1.0571E-0O4 -6, 1556E-05 -1.05659E-04 -E.1555E-05 -1.0567E-04 -6, 157IE-05
1.4170E-05 -5. 7728E-05 1.4177E-0S -5.77E7E-05 1.4176E-05 -5. 77E4E-05 1.4153E-05 -5. T80ZE-05
-9.6531E-05 1.0032E-04 -9.7033E-05 1.0037E-04 -3.7045E-05 1.0030E-04 -9.7033E-05 1.0025E-04
-1.2431E-04 -4.3435E-05 -1.2431E-04 -4.9540E-05 -1.2487E-04 -4.9563E-05 -1.2487E-04 -4.9615E-05
-2 14535E-05 -5.1536E-05 -2.1507E-05 -5 1527E-05 -2.1434E-05 -5.1517E-05 -2 1545E-05 -5.1505E-05
-2.9503E-06 3.4073E-05 -2. 3415E-06 3.4153E-05 -2, 3435E-06 3.4143E-05 -2.9411E-06 3.4223E-05
-1.2236E-04 1.1535E-04 -1.2235E-04 1.1835E-04 -1.2235E-04 1.15834E-04 -1.2232E-04 1.1537E-04
-1.1313E-04 -4.4366E-05 -1.1324E-04 -4.5003E-05 -11321E-04 -4.4385E-05 -1.1327E-04 -4.5025E-05
-1.2474E-04 -7 446VE-05 -1.2474E-04 -T.4467E-05 -1.2472E-04 -7.4453E-05 -1.247=E-04 -7.4452E-05
-2.4053E-05 6.4314E-06 -2.4033E-05 5.4948E-06 -2.4053E-05 6.4545E-06 -2 4105E-05 6.5173E-06
-1.0436E-09 -1.7134E-05 -1.0435E-04 -1.71T9E-05 -1.0435E-04 -1. F1S0E-05 -1.04.3d4E-09 -1.T165E-05
-5.47235E-05 6.1332E-06 -5.4755E-05 6.2034E-06 -5.4734E-05 6. 2055E-06 -5.4 7EEE-05 6.2157E-06
-2.3663E-05 7.4008E-05 -2 3660E-05 7.3977E-05 -2.3660E-05 7.3968E-05 -2.3657E-05 7.3936E-05
-1.0415E-04 -1.0935E-04 -1.0423E-04 -1.1000E-04 -1.0421E-04 -1.0335E-04 -1.0426E-04 -1.1001E-04
-7.5938E-05 5. 2869E-05 -7.5948E-05 5. 28T1E-0S -7.5948E-05 5. 2873E-05 -7.5958E-05 5.2851E-05
-5.6323E-05 -1.12TEE-04 -5.6307E-05 -1.1275E-0d -58.6305E-05 -1.1275E-04 -5.6253E-05 -1.127VE-04
-4.5225E-05 -1.9755E-05 -4.8152E-05 -1.9532E-05 -4.5135E-05 -1.9511E-05 -4.5126E-05 -1.3856E-05
-4.0554E-05 1. 2167E-04 -4.0586E-05 1.2165E-04 -4.0563E-05 1.2163E-04 -4.0534E-05 1. 217E-04
5. 7E42E-05 4. 144 3E-05 5. FE1SE-05 4. 1453E-05 5. FEOVE-O5 4. 14533E-05 5. 7550E-05 4. 1534E-05
6.0562E-05 3.I672E-05 B.0S52E-05 3.1640E-05 5.0557E-05 3.1641E-05 B.0577E-0S 3.1603E-05
-1.2342E-05 -1.067TE-04 -1.2341E-05 -1.0651E-0d -1.2334E-05 -1.0673E-04 -1.2333E-05 -1.0652E-04
-3.1120E-05 -7.5754E-05 -3.1086E-05 -7.5523E-05 -3.1035E-05 -7.5737E-05 -3.1061E-05 -7.5866E-05
-1.2263E-04 1.2025E-04 -1.2266E-04 1.20=23E-04 -1.2263E-04 1.2013E-04 -1.22G66E-04 1.2017E-04
2.8074E-05 3. FTE5E-05 2.8073E-05 9.7837E-05 2.8064E-05 9. 7742E-05 2.8068E-05 3. 7795E-05
6.2724E-06 7. FE33E-05 6. 255 7E-06 7. FEI0E-0S 5. 2604E-06 7. FE23E-05 6. 2466E-06 7. F599E-05
-4.9037E-05 1.1033E-04 -4.3041E-05 1.1035E-09 -4. 3064E-05 1.1036E-04 -4.9005E-05 1.1041E-04
-1.1007E-06 -5.1137E-05 -1.0620E-06 -5.1251E-05 -1.0515E-06 -5.1226E-05 -1.04Z5E-06 -5 1251E-05
1.3665E-05 1.1240E-04 1.3616E-05 1.1241E-04 1.3600E-05 1.1233E-04 1.3543E-05 1.1240E-04
9.9566E-05 3.0930E-05 3.9613E-05 9.0333E-05 3.9573E-05 3.0916E-05 9.9626E-05 3.0924E-05
-9.7673E-05 -5.8757E-06 -9.7673E-05 -5.5300E-06 -3. 7EESE-05 -5.8926E-06 -9.7E7IE-05 -5.9063E-06
7.8001E-05 -1.0205E-04 7.8044E-05 -1.0210E-0d 7.5040E-05 -1.0205E-04 7.8053E-05 -1.0210E-04

Dazhbaoard | System | Siection | MC_in | MC_out| MC_edil MC_sd\l I\"IC_posl MC_cor| PlatDis

PIolF‘os| PlatCor | Funs | Results | PlatFuns1 | PlatRuns2 | About | Setlingsl

Full Screen OndOFF ‘ Expand

| Collapse |

Plots of Positions from POS File: DEMO1.POS

Unlack, Charts

Same scale similar plots:| P X&Y azis same soale |

Fiz current scale

Scale all plats

Reset automatic scaling |

Section U from file: DEMO1.POS

UNFERTURBED POSTIONS OF PARTICLES IN PLANE AT 2: 7.20000E-01 (m)

1IE-04

6.3E-05

1.3E-05

-5.7E-05

-5.1E-05

AAE-04

11E-04

6.3E-05

1.3E-05

-5.7E-05

-B.TE-05

-LAE-04

A4E-04 -5.7E-05 -3.7E-08

1.3E-08 £.3E-05

11E-04

Section 1P from file: DEMO1.POS

PERTUREED POSTIONS OF  FARTICLES IN PLANE AT 2 - 7.20000E-01 [m)

3.TE-0T

2.TE-07

1.7E-07

6.TE-05

-3.3E-05

AFE-07

-2.3E-07

-3.3E-07

AAE-04

-5TE-05 -3.TE-05

13E-08

£.3E-05

11E-04

-4.3E-07

Section 1Displacements P - U from file: DEMO1.POS

o

-4.5E-07 -3.5E-07 -2.3E-07 -L3E-0T -3.3E- BJE-0E 1TE-D7 ZJE-0T HTE-07

Scale plot_[Min scale

Max scale

Margin %__|Min data

Max data

Scale plot

Min scale |Max scale

Margin %_[Min data

Maix data

Scale plot

Min scale |Max scale

Margin %

Min data

Max data

X -1.37E-0d

1.37E-0¢

5% | -1.250E-0d

1250E-04

X
i

-1.37E-0d 1.37E-0d

55| -1.243E-04

1250E-04f X

-4 33E-07)  4.45E-07

53| -3.923E-07

4. 054E-(7]

Y -1.37E-0d

1.37E-0d

5| -1.250E-04

1. 247E-0df

-1.37E-04 1.37E-04

53| -1.249E-04

1.245E-0d]Y

-4 33E-07 4.45E-07

5| -2.d419E-07

3.094E-07]
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INTERAC user interface components- Continued

MC_cor and PlotCor: The data from the MC ".COR' output file containing the complete phase-
space co-ordinates of all particles near the target can be imported by INTERAC and is stored in
the worksheet MC _cor. This data is plotted in the worksheet PlotCor. The figures below show
some of the graphs from the worksheet PlotCor. The blue dots and lines refer to the
unperturbed particle co-ordinates (without Coulomb interactions) and the red dots an lines to
the perturbed particle co-ordinates (with Coulomb interactions). The figures in the third column
represent the displacements from the unperturbed co-ordinates, whereas the figures in the first
and second column pertain to the actual co-ordinates without and with Coulomb interactions

respectively.

From file: DEMO1.COR
Unperturbed positions at 2=7.2000E-01m

From file: DEMO1.COR
Perurbed positions at 2=7.2002E-01m

From file: DEMO1.COR
Penturbed pasitions at 2=7.2002E-07m - Unperturbed positions at Z=7. 2000E-01m

LIE-04 11E-04
24E-07
£.3E-05 B.3E-05
14E-07
1.3E-05 1.3E-05
¥ ¥ py HTE0E
-BTE05 -5TE-08
-B.3E-05
-&.TE-05 RIS ALEE-0T
AAE-04 AAE-04 2BE-OT
14E-04 BTE-05 -5.TE-05 13E-05 5.3E-05 1IE-04 L4E-04 -5.TE-05 -5.TE-05 13E-05 6.3E-05 LIE-D4 AAE-  -GAE-  -BAE- -IAE-O7 -G0E- BAE-05 16E-07 ZEE-OT HEE-OT
x x of o7 of odx
From file: DEMO1.COR From file: DEMO1.COR From file: DEMO1.COR
Histogram of unperturbed positions at 2= 7. 2000E-01m Histogram of perturbed positions at 2= 7. 2002E-01m Histogram of perturbed positions at 2= 7.2002E-01 m - unpeturbed positions at 2=7.2000E-01 m|
1.BE+02 1.6E+02 6.0E+0Z
14E+02 1.4E+02 S.0E+0Z
1.ZE+02 12E+02
4 B . d.0E+0Z 4
SR g 10Es02 E
=
g BmEm 2 zoem = 306402
= =
B.0E+01 B OF+01 I
o 0E+01 -
. 0E+01
2.0E+01
10E+02 4
l 2,08+ :
0.0E+00 v ! 1 1 ! 1 T T l | 1
0.0E+ Z0E- 4.0E- BOE- &OE- 10E- 12E- 14E- 1BE- 00+ ! 0.0E+00 T
a0 03 03 o3 05 04 0d 04 0d 0.0E+00 5.0E-03 1.0E-O¢ 1.5E-0d 0.0E+00 5.0E-03 1.0E-07 1.5E-07
“Kav _Xav K-Xav
— — —
From file: DEMO1.COR From file: DEMO1.COR From file: DEMO1.COR
Unperturbed lateral velocities Perturbed lateral velocities Lateral velocity displacements
4.0E-03 40E-03 SR8
2.0E-03 2.0E-03 33E-06
44E-05 LIE-05 , VDS
u u >
H H G
T * Fa
¥ o0z -2.0E-03 8 .63E-06
-4.0E-03 -4.0E-0%F -1.2E-05
-B.0E-05 -6.0E-05 ALTE-05
-B.0E-03 -8.0E-03 2. 2E-05
-6.3E-03  -4.3E-03  -23E-03 -3.2E-04 17E-03 STE-03 STE-03 -6.3E-03  -43E-03  -23E-03  -3.2E-04 17E-03 BIE-03 S.TE-03 -4 EE- -3EE- -2EE- -1GE-05 -53E- 4ME-0F 14E-05 24E-05 54E-05
¥ri¥z ¥ri¥z 3 3 s B¥xiVa
From file: DEMO1.COR From file: DEMO1.COR From file: DEMO1.COR
Histogram of unperturbed lateral velocities Histogram of perturbed lateral velocities Histogram of lateral velocity displacements
8.0E+02
2BE+02 25E+02
T.0E+0Z
20E+02 2.0E+02 5.0E+02 -
£ = £ 50E+02 1
2 1SE+02 2 15E+02 g
o o o 40E+02
= =
1.0E+02 1.0E+02 3.0E+02
2 0E+0Z
S.0E+01 S.0E+01
| | | | | | 1.0E+02 -
0.0E+00 : : } I“".‘“"" ' 0.0E+00 : " 111 |||!"""' ' 0.0E+00 L . . . .

LRt

00E+00 1.0E-03 2.0E-03 3.0E-03 4.0E-03 5.0E-03
{Vx-Veawn\z

0.0E+00 1.0E-03 Z2.0E-03 3.0E-03 4.0E-03 5.0E-03
V- Vxavivz

0.0E+00 5.0E-06 1.0E-05 15E-05 2.0E-05 2.5E-05 3.0E-05
(V- Vean vz
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INTERAC user interface components- Continued

Results: The results of the various MC and analytical calculations are stored in the worksheet
Results using the run-number as the primary key. Some of the data stored in the Results
worksheet is displayed in the figure below. This data can be selected to generate the graphs in
the PlotRuns1 and PlotRuns2, which are shown on the next page.

Dashboaldl Sgsteml Section |Ml3_in

MC_Dutl MC_edi | MC_sdi | MC_pas

MC_cDr| FlotDis |F"IotF"os | F"IDtCDrl FRuns |FIesuIts| PlotHuns1| FlotRuns2 | About | Settingsl

Full Zcreen | Expand Collapscl Zoom

MC Bun Cutpat Storage

Parameter specification

Selected run on

Selected memory

Results Storage [Memory entries 1 - 2000)
1

dashhoard enkry 2 3
Selected run 1] Bun: 1 Memory entry: 30 Fur: 1 Furn: 2 Fiun: 2
Specification A Selected memory 30 ) Series: Default Series: Systems Series: Default Series: O-test Series: Ol-test
First memory entry |DEMO1LDAT JEOL.DAT DEMOLDAT DEMOITIDAT DEMOMT2Z0AT
i Last memory entry 30| DEMDLSYS JEOL 5Y5 DEMCLEYS DEMCLEYS CEMOLSYS
Hesults read from Row | Symbol Tag Unit
Beam 1]ISRC -MC_ |- 1 1 1 1 1
properties 2| IFSSHP -MC - 2 1 2 2 2
3| IFESHF MC |- 1 1 1 1 1
4|20 MC [m 0.000E+00| 0.000E+00) 0.000E+00 0.000E+00 0.000E-+00
5T MC [m T.200E-01 3.810E-01 T200E-01 T.200E-01 T.200E-M
6| ISOURCE M A 1.000E-05 1.000E-05 1.000E-05 1000E-04 1.000E-04
T|ITARGET M (A 5.000E-06 1.E20E-03 5.000E-06 5.000E-05 5.000E-05
8| vwSOURCE MC W 1.000E+05 5.000E+03] 1.000E+05 1.000E+05 1.000E+05
3| W TARGET P [ 1.000E+05 5.000E+04] 1.000E+05 1.000E+05 1.000E+05
MONTEC 10| MNEAM-s0urce MC |- 1,700 500,000 1,700 200 500
parameters M NSAM-target -MC - A0 £l 860 100 250
12| MTOT-target MC |- 5,101 1,056 5,10 9,935 9,330
26| SE-F'WHOR MC |- B2 2654 EhIm i 283
27| SE-FWEOE MC |- B.24x 1283 24 456 i
28| IPROCCO -MC 1 1 1 1 1
29| FSEFWEOE S |- 084 0155 0545 4441 E1.565
MONTEC 30| FwHME MC fe 1.027E-00 3953E-01 1.027E-00 1.260E-00 1.5E2E-00
Interaction 31| FwE0E PG [et B.28EE-01 3.518E-01 E.28EE-01 7AIEE-01 9.142E-01
36| FwHMR MC [m J.08E-08 2.421E-10 J08E-08 1L057E-07 1415E-07
37| [FwHMEFWHMYZ [-MC | m 3.5E1E-08 1.429E-03 3.5E1E-08 1128E-07 1.E02E-0F
38| FwhIR MC [m 3.368E-08 2471E-03 3.363E-03 1.237E-07 1.700E-07
45| ZREF MMC [m ¥.200E-01 3.810E-01 ¥.200E-01 T.200E-01 T.200E-M
46| OZF MC [m 1.333E-05 -5.059E-03 1.333E-08 4. 25EE-05 5.026E-05
AT TM-1 MC |-
48| CE S (m LA, [\.2, [\.2, [\.2, [A.
MONTEC 43| FwHME MS m 5.10E-08
total spot 50| [FwHMaFWHMYNE [-MC |m 2.497E-04 5.7 ME-0E 2.497E-04 0.000E.00 0.000E+00
resolution 51| FwhOR -MC m 1.034E-05
52| dizaaR MC [m 0.000E+00| 0.000E+00 0.000E+00 0.000E-+00
52| d2675H S (m 1.221E-06 1.221E-06 0.000E.00 0.000E 00
54| FwHMNME -EF m 0.I0ZE-0E
MONTEC B4 | Start time T [date and time 15231 0N 27! 112004 15: 4:58 OM 27/ 112004 B2 0 27/ 12004 16:26: 5 DM 26! 142004 16:26:13 OR 26/ 112004
calculation time 63| End time MMC [date and time 1:52:47 Ok 27/ 112004 18:18:09 0N 27/ 112004 1:52:47 0N 27/ 112004 16:26:13 0N 26/ 112004 16:26:28 OR 26/ 12004
B6 | MIC run time MC [min 2.BE7E-01 1.340E+02 2.BEVE-01 1.333E-01 2 500E-01
Results from anal Row | Symbol Tag Unit
INTERALC B8 ltarget -5, £ 4.974E-06 1E0ZE-09 4.974E-06 4.974E-05 4.974E-05
beam properties 63| Wearget 158 W 1.000E+05 5.000E+04 1.000E+05 1.000E+0% 1.000E+D%
at the target FO|L=ystem -15, m ¥.200E-01 3.810E-01 T.200E-01 T.200E-01 T.200E-0
INTERAC 78| FwHME -5, el J.2IBE-01 1.998E-02 J2IE-01 1.442E.00 1.442E-00
Interaction T3] FwhilE -5, el 2.163E-01 1LEZ0E-02 2.163E-01 953EE-01 .53E6E-M
effects 80| GamEHE 15, - 1.530E+00 1.239E+00 1.530E+00 1.605E+00 1.605E+00
87| FwHME B -] el 1.057E-00 3938E-01 1.057E-00 1.804E-00 1.804E-00
88| FwhIE B (4= ey E.1B1E-01 3.893E-01 E.1B1E-01 1.136E+00 1.135E+00
89| GamEHE B (it=] - 1.847E+00 1.01E+00 184 7E+00 1.730E+00 1.730E+00
30| FwHMR 15, m 3.051E-08 4. 740E-11 3.051E-08 1B0SE-07 1.E0GE-0F
91| FwhiR -5, m 4 5EEE-08 6.500E-11 4 5E3E-03 1.988E-07 1.955E-07
92| di22R -5, m 5.041E-08 T.244E-11 5.041E-08 2I02E-07 2.102E-07
93| d2575R 158 m 2.659E-08 3.F30E-11 2.E59E-08 1L135E-07 1135E-07
94 | GamET -15, - 1.222E+00 5.7 39E-01 1.222E+00 1.283E.00 1.283E+00
105| D=F 158 m 2.073E-05 B.309E-10 2.073E-05 2.073E-04 2.073E-04
106 ] P1-1 -1 - -B.1G0E-05 -1.336E-06 -B.1G0E-05 -B.139E-04 -B.139E-04
107|C5 -15, miFad" 3 0.000E-00 1.855E-21 0.000E-00 0.000E-00 0.000E+ 0]
INTERAC 114 | FwHM-Gauss -1 m 0.000E+00| 5.633E-07 0.000E+00 0.000E+00 0.000E-+00
total spot 15| FwHM-Airy -5, m 9.372E-10 4.521E-11 9.372E-10 9.372E-10 9.372E-0
resolution ME| FwHM-Spherfb -5, m 7.099E-09 5.260E-05 7.099E-09 T.099E-09 T.0939E-09
M7 | FwHM-ChromaAbSre | -4 m 0.000E+00| 0.000E+00| 0.000E+00 0.000E+00 0.000E+00
18| FwHM-ChromABBE | -12 m 0.000E+00| 0.000E+00) 0.000E+00 0.000E+00 0.000E-+00
19| FwHM-TD -5, m J05E-08 4.740E-11 J0FE-08 1E08E-07 1.605E-07
120] FwHM-DefocucsC -5, m 1.000E-15 T.ETEE-11 1.000E-15 1LO00E-13 1000E-15
121] FwHM-SpheribSC -1 m 0.000E+00| 1.396E-25 0.000E+00 0.000E+00 0.000E-+00
122 | FwHM-TotalGeom -5, m 7.238E-09 5.271E-05 7.233E-03 T.288E-03 T.288E-03
123 | FwHM-Totallinter -5, m 2052E-08 T.EEZE-10 J0852E-08 1EN8E-OF 1.E0GE-OF
124 | FwHM-Total 15, m 344E-08 5.2TE-05 344E-08 1LEETE-O7 1.E27E-O7
125 | Fwbl-Gauss -5, m 0.000E-00 3.983E-07 0.000E-00 0.000E.00 0.000E-00
126 | Fw'Bi0-Airy 158 m 9.743E-10 4.693E-11 9.743E-10 9T43E-10 9.743E-10
127 | Fwhil-Spherib 15, m 7.099E-08 5.260E-05 7.093E-03 T.033E-03 T.033E-03
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INTERAC user interface components- Continued

PlotRuns1 and PlotRuns2: The results of the various MC and analytical calculations are stored
in the worksheet Results using the run-number as the primary key. The worksheets PlotRuns1
and PlotRuns2 provide the capability to compare selected results from different runs, as shown

in the figures below.

Unlock Charts

Full $<reen OniDff | Expand [ Collapse | Plot Resulis of Selected Runs - Laheled X-axis
[ JeaTes] T lts B h eff
CEOICLR G Tt C Test results raj. displ. effect and defocus e It e i
1.0E+01 - 10E-02 10E+02
. ﬁ
B / 10E-01 %
& L ) w
2 -~ a £
+ + > — el * + =
E 10E+00 ——— Eroeos £
> 1 T [
L ] ]
& H
x 4
w 10E00
10508 /
10E-01 T T T T T 1 10E-07 1.0E-01 T T T T T 1
2 3 4 5 3 7 3 2 3 N 5 & b g 2 3 . . & : B
Run numbers Run numbers Run numbers
—m- FWSOE-BP —a— FWHIE-AF —o— FWSOE&S B FWEIR-EF  —8— FWSOR-AF  —é— FWSORHE  —k— DZF-MC DZF-1a —m— 1 un time-MC: —#— M run time estA4
Specify Plot Data through ‘Results’ Row Index
Used labels 2 3 4 7 F]
33 |FwhlE-EF 1427E.00 300200
¥-Azis data 35 [FWhIE-AF 7ATEE-07] 9.882E-01
from Results 88 | FWhIE-&S 1135E-00]
worksheet 1
Addtag ? W
Chart 2 41| Fwh0R-BF
¥-Azis data 44 [ FWEOR-AF
from Results ] BOR-1A,
worksheet Ll F-IC
Addtag? W 105 [DZF-12
Chart 3 B8 | IC run time-MC| 1 I0E
¥-Azis data 158 [T run time est |
from Results TO00E- 15
worksheet
LAddtanz P
Full Screen On!0F | Evpand | Collipze | Plot Results of Selected Runs - Continuous X-axis Unlack Charts
Expand | Collapse
System results Boersch effect System results wajectory displacement effect System results space charge defocus
10E-01 1.0E-0E - 10E-03
10E+00 rk.-‘:'f;f—:—___:x—" 10E-07 10E-04 /
g : ;
T [
4 H H
= I3 ]
R ¢ i
w &
10E-01 / 10E-08 |.0E-05
10E-02 ¢ T T T T T T T T T 1 1.0E-09 T T T T T T T T 1 1.0E-06
0.0E+0 B.0E- 10E-05 15E-05 ZOE- 25E- 30E- 35E- 40E- 45E  G.OE- QU0 SOE- WE5 1508 20E 25E J0E- 35 40E- 45 SOE- 00E-0 GOE- 10E-05 1GE.05 20E- 25E 20E 325E- 40E- 45E  G0E-
0 i 05 05 05 0§ 05 05 05 0 0 05 05 05 05 05 05 05 ) 05 05 % 05 o5 05 05
ITARGET-MC ITARGET-MC ITARGET-MC
—&- FW50E-BP —4— FWSIE-AP —— FW30E-1A —ic— FWEIE-&ES —=-FWEIR-BF —4— FWEIR-AF —— FWEIR-1A —&-DZF-MC ——DZF-1A
Specify Plot Data through "Results” Bow Index:
Used: TARGET-MC S.000E-0F| 2500E-08] 2500E-06| 4.336E-06) 3.373E-06] 2455E-05( 4353E-05
33 |FWilE-EF 5.931E-01] B5.3GIE-01] E.242E-01) B.950E-01f 3.305E-01[ 1421E.00
35 |FWolE-AF 5.927E-01] 5.927E-01] E12FE-0N] G538E-M| S433E-01] 1120E.00
¥ [ FWanE-1A 137BE-01] 1.376E-01] 2163E-01] 3403E-01f €.143E-01[ 3.536E-01
B8 [FWolElos, 5.300E- m ‘iﬁ];ﬁ] G.750E-01] _5.580E-01] _1135E+00
41| FwE0R-BF QR S us 3 L 7| 4.e79E-07| 9.820E07
A4 [FuE0R-BF EIZIE-09] 2290E-03] 2298E-08] 3. EOE-03] E.44ZE-03] 1.303E-07| Z300E07
91[FWEIRIA 4O1E-09] 2294E-03] 3.051E-03] 4. 2] 1.339E-07] 2067E07
X 6| 1000E-15] 1000E-15
Addtag? W | 1000E-15] - O00E-16] 1.000E-15
[Chart 3 46 [DZF-MC OE-D: 2.101E-0
[¥-Azis data 105 [DZF-1A A04E-04] 2.202E-0.
from Results .OOOE 15| O00E-1! 1.000E-1
jworksheet O00E-1S O00E-1 1.000E-1
Addtag ? W O00E-15) 1.000E-15
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Prices

The MonTec Particle Optics Simulation Tools package is brought to the market by Caneval BV.
The complete package includes the INTERAC and MC run time program versions. For users who
want to run the MC program as a stand-alone application, the MC run time version can be
ordered separately. The FORTRAN source code of the MC program is not included in the

standard licenses, but can be ordered at an additional charge.

MonTec Educational Licenses are available at a reduced price and can be ordered by any
educational establishments on the understanding that it will not be used for commercial
purposes. Caneval BV is entitled to refuse a license upon request or refuse an extension of the
license when improper use of the license is suspected.

The table below gives the prices for the different licenses.

license

All prices in MonTec Monte Carlo Additional

Euro complete Simulation charge for
package: program MC Monte Carlo
INTERAC and run time Simulation
MC run time version program MC
version source code

Commercial 7,000 5,000 10,000

license

Educational 3,500 2,500 5,000

All prices are for single use local licenses and do not include shipping and taxes. Prices are

subject to change without notice.

See the MonTec License Agreement for additional terms and conditions

Further information

For further information on the software provided by MonTec or for ordering the software, please
send an email to montec@caneval.com
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