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Introduction

Virtual Device is an Add-on software to SIMION v.7. Virtual Device covers several
features which are not fully developed in SIMION, such as fast creation of 3D geometry (CAD
program), fast analysis of results of simulation in SIMION and fast creation of different ions
distributions.

CAD program. The main idea of CAD program allowing fast creation of 3D geometry is
following. It is known that ion optic often consists of typical electrodes like lenses or rods,
therefore it is possible to create specific users’ ion optics only by using standard components.
However, SIMION itself provides possibility to create any desirable shape of electrodes, because
there is special language and any user can develop his/her own geometry by using this language.
On the one hand this gives the user a very powerful tool, but on other hand specific skills are
required.

CAD program is based on the idea that a user can use finite number of electrodes to
recreate specific geometry and each typical electrode can be represented as a bit of program in
SIMION language. The CAD program has a number of well defined 3D geometrical objects like
sphere, cone or bar, and each geometrical project coupled with bits of program in SIMION
language. User can graphically recreate specific 3D geometry as a combination of standard
electrodes by setting geometrical parameters of each electrode. Therefore total geometry can be
transformed into a program in SIMION language (GEM file). The advantage of this way of
creation is the following: 1. Very quick creation of 3D geometry. 2. Very simple way of
rearranging of geometry (shifting moving electrodes relatively to each other). 3. Automatic
transformation of 3D geometry into geometrical file (GEM file). The disadvantage of this way of
creation is only one: not any 3D geometry can be created into Virtual Device due to finite
number of electrodes. But this limitation can be overcome by increasing the number of typical
electrodes. At this moment total number of typical electrodes is 14, which covers about 90-95 %
of typical ion optics schemes.

Analysis of results of simulation. SIMION gives possibility to save results of simulation
into a “txt” file and format of this file is open (see SIMION manual). Therefore user can write
his/her own software to analyze results of simulation or use some well known mathematical
software. Actually there are several standard procedures often used in ion optics: building ion
distribution in different planes, phase distribution in different planes, creation of histograms of
specific ion optics parameters (for example time of flight), calculation of resolution of energy
analyzers and mass-spectrometers.

Virtual Device gives possibility to make such standard procedures as ion distribution,
phase distribution in different planes, calculation of histograms of exit parameters (therefore
definition of shape of peak), transformation of time of flight into mass/charge terms and
calculation of mass resolution. It is also possible to transform data to Excel format.

Initial ion distribution. SIMION provides creation of initial ion distribution, but until
recently some key features have not been realized in SIMION. At this moment SIS has
developed new format of creation of ion distribution. But this feature is available only online ().
Virtual Device gives possibility to create initial ion distribution as it was realized in version 7
and to create some specific ion distribution (for example Gauss distribution of energy).



Main menu of Virtual Device

¥irtual Device v. 17 10l x|

Each pictogram in menu presents different parts of software.

l-.‘ §.}I

& - analyze SIMION data,

D
-close software, @ - run program to create 3D model, H2 - create ions distribution,

z Ij-—'h.
1 - create special ion distribution (disc), . - create

special ion distribution (point source), % - about author.
To run any part of software it is necessary just to click the appropriate button by mouse
(left mouse button).

Chapter 1. CAD program.

Chapter 1.1 Menu.

This part of software covers creation of 3D project and transformation it to GEM file. It
consists of three windows.
Workbench. The first one is workbench, where user can see 3D geometry. Below there is an
example of 3D geometry (picture 1). You can rotate 3D geometry by moving mouse with left
button pressed. The grid shows the size of the project. All parts, that are beyond the grid, will be
cut by SIMION.

171 3D ¥iew (Workbench) and PRG files -0l x|
File  Additional Parame! ters PRG

gsMe C T P/ & © G0 ¢ B & @ &
Ratation: Step(Z): [Tl  Step (X):[0.1 | Step (¥):[0.1 | Distance my:]ﬁ“ Axises  Grid @‘
Moving: Step (1 Swep (:[l  Swep @i[i  Clipping stops [t |

Picture 1. Workbench in Virtual Device.
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This toolbar has a number of geometrical objects. To add a new object into project user can just
press on one of those pictograms (but there is another way of adding of geometrical objects to
project). The picture on pictogram presents geometrical type of geometrical object (except any
axial object, see chapter 1.3).

G.S. — setting up geometrical size of project and all necessary parameters for SIMION.

M.P. — setting up mobile point.

‘ Rotation: Step(Z): Im Step (X): |0.1 Step (¥): |0.1 Distance step: |0.1 ‘ This toolbar allows changing
step of rotation of the project and step of moving of the project in space.

Axises Grid ]
‘ R This toolbar allows switching on/of drawing of axis and grid, and also
saving picture from workbench window into file (bmp format).

I Moving: Step () Il_ Step () Il_ Step (2 Il_ Clipping step: Il_‘ This toolbar allows changing the

step of moving of the project in space.

The next window (toolbar) is intended for rotating and moving 3D geometry (picture 2).
To avoid numerical pressing on mouse button during rotation of project user can only place
cursor on one of buttons of rotation, press left mouse button and project starts rotate around axis
with some step. Steps of rotation can be settled up in toolbar is described above.

This toolbar also gives possibility of to change point of view (Type of view). Clipping
view allows cutting off a part of 3D geometry and seeing geometry from the inside. Clipping
plane is invisible, which is always parallel to the screen. By pressing mouse button on buttons of
Clipping view user can move clipping plane forward/back compared with the plane of screen.
When the clipping plane crosses a geometrical object, a part of an object, situated between the
clipping plane and the plane of the screen, will be cut off. Step of moving of the clipping plane
can be settled up in toolbar described above (Clipping step).

X
Rotation around Z Rotation around X Rotation around ¥  Distance

<« 0 »| |1 | |1 | «| >

Move (X) Move (Y) Move (Z)  Type of view Clipping View
<« > <> <>~ I« >

Picture 2. Toolbar for rotation, moving and clipping of project.

To move project in space (in workbench window) it is necessary to press buttons Move X, Y, Z. It
can be done by left mouse button. Step of moving can be set up in a toolbar described above.
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The modes

&+ Edit ohject
" Deleie ohject
" Suppress/Tnsuppress

Working Window (picture 3). This window gives
possibility to create project, to save project to file, to

load project from file,

to transform project to

geometrical file, to add geometrical object to project, to
delete geometrical object from object. This window also
contains a tree of the project and a tree of mobile points.

E Zs

Picture 3. Working window.

¥

The three modes of working with project. User can work with project in three modes. The first
mode (Edit object) is the mode where user can add and edit parameters of geometrical object.
To edit an object user has to pick up appropriate pictogram in the tree of project. The second
mode (Delete object) is the mode where user can delete object from project (from tree). To
delete geometrical object from project it is necessary, first, to choose mode ‘Delete object’, and
second, to pick up appropriate pictogram in the tree of project. The third mode is
‘Suppress/Unsuppress’. It is the mode where user can make one of geometrical objects
invisible without removing it from project. For this it is necessary, first, to choose mode
‘Suppress/Unsuppress’, and, second, to pick up appropriate pictogram in the tree of project. Then

Tree of objects/points
Mo objects j
——————————————— | i | Newproject
i) Newproject I emirance le
. emrance lens | | o e
o g3 ro0d 1 | | J il
- g3 0ed 2 | | 3 2
o g3 reed 3 || [ g 3 rood 3
ol g3 roed 4 || I q 3 rood 4
- slu..mer ..... £ skimer
- skimmer1 | | F skimmer 1
Tree of mobile points
4| Poinis
l'-:' quadl
G5 a3 Tree of mohile points
_ -4, | Poinis
m | 4P -
E'.‘f‘l" g m L \ /: """ A q_'l.lﬂﬂ.].
- ..... i A,:-: guad2
by ) qumﬂ

Tree of project. When user
adds new geometrical object
to project, a new item
appears in the tree of
project. The pictogram in
tree shows what kind of
object the user has added to
project. The tree shows total
number of  geometrical
objects in the project, type
of object; the tree can also
be used for editing, deleting
and suppressing objects (see
modes of working).

The tree of mobile points
shows how many mobile
points the user is using in
the project. This tree can
also be used for editing and
deleting mobile points.

this geometrical object will become invisible in the workbench.

The mndes

+ Edit ohject
" Delete ohject
" Suppress/Tnsuppress




Tree of objects/points

INu objects

Tree of objects/points

[No objects] |

It is the box equivalent to the toolbox with a
number of geometrical objects. This box can
drop down with the list of objects. Therefore
user can add new objects to project by choosing
an object from the dropdown list. It is the second
way of adding new objects into project.

Set geometrical size = Set geometrical size (G.S.) — setting up
Add mobile points geometrical size of project and all necessary
Box parameters for SIMION.
Cylinder L . . . .
Tube Add mobile points (M.P.) — setting up mobile
Solid cone point.
Cone with hole
Box with hall -

Buttons

l_'“_;‘j"

- (New project). This button allows creating a new project or clear old project. It means
that the user deletes all geometrical objects from the project if they existed in the project.

g - Load old project from file to workbench. ﬁl - Save project to file.

Zes

- Add a project from file to the project which already exists in the workbench.

- Load project created in previous versions from file to workbench.

A

[l {[1],]

|- Close CAD program. - convert 3D project to geometrical file (GEM). By pressing
this button user expresses 3D geometry of the whole project in SIMION language.

Chapter 1.2. How to create 3D project.

The creation of 3D project can be split into several steps. 1. Setting geometrical size of
project and all necessary parameters for SIMION. 2. Creation of electrodes. 3. Transformation of
3D geometry into GEM file.

Step 1. Setting initial parameters of project can be done in the following way: Press button

‘ﬂ or choose ‘Set geometrical size’ from dropdown list of ‘tree of objects/points’.

You will see a window (picture 4) which is equivalent to window in SIMION (picture 5).

Length of X axis — length of project along X axis. Length of Y axis — length of project along Y
axis. Length of Z axis — length of project along Z axis. Name of project — this name is just a
name of project and it is not used in SIMION. Symmetry —defines the type of symmetry. Planar
means 3D volume (see SIMION manual). Mirror: here user can set up type of mirror. For
example, none means 3D volume does not have any symmetry. The details of types of symmetry
are discussed in chapter 1.4. Type field —defines what kind of field can be used (electrostatic or
magnetic field). Magnetic scale factor — default value: zero. When user has settled up
geometrical sizes along the axes, Virtual Device calculates total number of cells. If total number
of cells exceeds the value 50 000000 then Virtual Device warns you about it (see picture 6). This



warning does not play any role for creation of 3D geometry in Virtual Device, but SIMION does

not accept geometry file with total number of cell more than 50 000000.

Length of X axis (units): [100
Length of Y axis (units): [100

|

|Max PA Size 1,100,000 Pts|

| Elect I | Planarl | Mirror ¥ | II”EI

ﬁancell 0K I lUse Geometry F:i.lel

% [_ionx] [_1ony] [ 1o0=]

Length of Z axis (unit): 100

Name of project: INew project

Numbers of points: 1000000

Picture 5. Geometrical size of project
in SIMION.

Data for SIMION

Symetry: planar -]
Mirror: IF,
Type field: [Electrostatic  -|
Magnetic scale factor: loi
_ 0K |

Picture 4. Geometrical size of
project in Virtual Device.

'r The size of praject is bigger then Simion can accepts
L

x|

Picture 6.

Step 2. To create/add geometrical objects to project user can choose appropriate pictogram from
the toolbar or from the dropdown list.

For example, let us build a system which consists of an orifice, a conical skimmer and a
quadrupole (four rods). Set up geometrical size of project as is shown on picture 4. Orifice is a

circular plate with hole. Pick up pictogram tube . You will see the following window

(picture 7):
x|
X (center): IO 5 ety | Potential: |0
¥ (center): |0 “ XYplane | Name: |nu name
Z {(center): IO Color: | j
" XZ plane y
Inner Radius: |10 Mobile points
Quter Radius:lls ¢ 7V plane | -]
Length: |20 oK |

Picture 7. Setting geometrical parameters of tube.

Specify all parameters as is shown on picture 8. The details of all parameters of different
geometrical objects are described in chapter 1.3.

X
X (center): ISO 53 ety | Potential: IO
¥ (center): |50 © XYplane  Name: [orifice
Z (center): ISO Color: |green j
 XZ plane .
Inner Radius: |10 Mobile points
Quter Radius: ISO ¢ 7Y plane IThere are not mobile pu:j
Length: |2 oK |
Picture 8.



Now press OK and you will see the following picture in workbench (picture 9).

Working window

‘The modes

Picture 9.

Now we will add conical skimmer. Choose . or cone with hole from dropdown toolbar and
specify geometrical parameters as following (picture 10):

set geometrical size of the cone with hole

Picture 10. Setting parameters of cone with hole.

Now we will add an electrode which looks like orifice. Repeat instructions for orifice, and set up
the following parameters (picture 11):

Set geometrical size of the Tube X

Potential:

-

hMobile points

Picture 11.



Now you can see the following picture in workbench (picture 12).

Picture 12.

Now we will add four rods (a quadrupole) to our project. Pick up n and specify the following
parameters (picture 13).

Set geometrical size of the cylinder

X (center):

Mobile poinis
[There are not mobile po -]

Repeat adding rods 3 times with the following parameters:
Y (center): 20, Name: rod2,
Z (center): 20, Name: rod3,
Z (center): *0, Name: rod4,
At last you will get the following project (pictures 14, 15):

Picture 15. 10

Picture 14.



Step 3. Transformation of project to SIMION. To transform a 3D project into geometry file

(GEM file) you need just topress button E' Then specify the folder and the file name (for
example, my_skimmer). Virtual Device will create file my_skimmer.gem.
Run SIMION, open geometry file and you will see the following picture in SIMION workbench

(pictures 16, 17):

Picture 16. Picture 17.

To change parameters of geometrical object it is necessary just to pick up appropriate pictogram

from tree of object (mode: Edit object).
Now you can judge how easy it is to create a complicated 3D project for SIMION investigations.

Chapter 1.3. Description of geometrical objects.

Object: BOX. This object presents itself box with the following parameters:

[set geometrical sizeofBox x|
E X (center): IOi FPotential: IOi Rotation around X: loi
¥ (center): IOi Name: Im Rotation around ¥: loi
Z (center): IOi Rotation around Z: loi
X lengthi2: Iloi Color of abject | -
Ylengthi2: [0 Mobile points: | -
Zlength2: IO oK |

X,Y, Z (center) — position of center of box. X, Y, Z length/2 — half a width along the axes.
Potential: it is potential in volts. Name: it is just the name of the object. It is better to give
different names to different electrodes (this is a suggestion). Name does not play any role. Color
of object: here user can specify color of object. Color of object is not used in SIMION. Rotation
around X, Y, Z: here user can specify angle of rotation around the axes. Angle is in degrees.
Mobile point: here user can set connection between the geometrical object and the mobile point
(if a mobile point was added to the project). Details of using mobile points see in chapter 1.4.
Example:

11



X (center): ISO— Potential: l()i Raotation around X: |457
¥ (center): ISO— Name: |box Rotation around Y: |457
Z (center): ISO— Rotation around Z: |T
X length/2: ll— Color of object Igreen j

¥ lengthia: |20— Maobile points: [There are not mobile po ~|

7 length/2: [20

Results

~ Workbench in Virtual Device.

Workbench in SIMION.

It is necessary to notice that default direction of axes in Virtual Device is different from direction
of axes in SIMION.

=

User can rotate axes in Virtual Device to get the same direction of axes in SIMION.

12



e

parameters:

Set geometrical size of the cylinder b

Potential: IU

X Gottomyfo | YO

Y(bntmm):loi & XY plane

Z(bntmm):loi " XZ plane
Radiuns: Iloi
Length: o

 ZY plane

Name: Inuname

Color: | j
Mobile points OK

[

Object: Cylinder. This object presents itself as a solid cylinder with the following

XY, Z (bottom) — position of bottom of cylinder. Radius — radius of cylinder. Length — length
of cylinder. Symmetry — this option defines plane of bottom of cylinder. For example, if ZY
plane was choosen than cylinder will be along X axis. Potential: it is potential in volts. Name: it
is just a name of object. Color of object: here user can specify color of object. Color of object is
not used in SIMION. Mobile point: here user can set connection between geometrical object and

mobile point (if a mobile point was added to the project).

For example:

Set geometrical size of the cylinder

X (bottom): ISO 5 ety
¥ (bottom): |50 ERRiE
Z (hottom): IO ¢ X7 plane

 ZY plane

Potential: IU
Name: Icylinder

X

Color: [Dragon

Mobile points

|

IThere are not mobile pu:j

Results:

caMr F T C / B O 29 H RE oW

Hataions Stepc[]  Sp 0021 Suop (V01 mu-u.;[u Aises Grd 5]

Mueg: Sup 0O Sep1[1  Sp @[l  Coppiguenfi |

«4133+£13‘~
PSS T Ry N SR
CEEECH e R EL S
R
4+ e
,'A{El'fi-}‘i T4~ ":-&jlgl
Her kel s ‘*-{‘}‘ 4
caziasct MERRAS
+ ~ T
Sasdant e M NSSRRES
e =iy
-{%‘« s
S
S22t

l0 x|

Workbench in Virtual Device.

FE:!]:I’!:I‘:‘!%‘I‘IEE'?ETB I:;'.I. iy
(B ] e T ey e =31 (e 0 | e ][] (71 (]

Workbench in SIMION.
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Object:Tube. This object presents itself as a tube with the following parameters:

X
X (bottom): IO [Symmetry— Potential: IU
¥ (bottom): IU & XYplane  Name: Inu name

Z (bottom): IU Color: I j

C X7 plane .
Inner Radius: |10 Mobile points

Quter Radius: [15 ¢ 7Y plane | j

Length: [20 OK |

X, Y, Z (bottom) — position of bottom of tube. Inner Radius — inner radius of tube. Outer
Radius — outer radius of tube. The difference between outer radius and inner radius is thickness
of tube. Length — length of tube. Symmetry — this option defines plane of bottom of tube.
Potential: it is potential in volts. Name: it is just a name of object. Color of object: here user
can specify color of object. Color of object is not used in SIMION. Mobile point: here user can
set connection between the geometrical object and the mobile point (if a mobile point was added
to the project).

For example:
|
X (bottom): ISO 5 etry Potential: IO
¥ (bottom): ISO & XYplane  Name: |tube
Z (hottom): IO Color: |guld j
" X7 plane .
Inner Radius: |20 Mobile points
Outer Radius: |2S ¢ Z¥ plane |There are not mobile pu:j
Length: [70

Results:

laix
cime. © T C /F O OO EL en
Hotation: Siep(Z)[0.1  Step (X1 Siop (¥:[0.1  Distamece siepi[0l | Avises Grid 5
Moving: Step O0[1  Step (061 Simp 51 Clipping stee[1

-]

Workbench in Virtual Device.

Workbench in SIMION.
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f Object: Solid cone. This object presents itself as a solid cone with the following
parameters:

x|
X (battom):| [0 SYMIMELTY | potential: | [0
¥ (bottom): |0 e IM |nuname
Z (bottom): |0 r XZplane || Color: |nu color j
First Radius: (10

 ZY plane

| SecmldRadius:‘ |15 IThere are not mobile puj

Length: | |20 Discritization: | [10 oK |

X, Y, Z (bottom) — position of bottom of solid cone. First Radius, Second Radius — radiuses of
both ends of the cone. Length — length of cone. Symmetry — this option defines plane of bottom
of cone. Potential: it is potential in volts. Name: it is just a name of object. Color of object:
here user can specify color of object. Color of object is not used in SIMION. Mobile point: here
user can set connection between the geometrical object and the mobile point (if a mobile point
was added to the project). Discritization: this parameter defines how a solid cone can be made in
SIMION. Actually a solid cone as a geometrical primitive does not exist in SIMION language.
But it can be build as a number of slices with different radiuses. Therefore discritization is the
number of slices. This parameter influences only 3D view in SIMION.

For example:

X
X Gottomy: [50 [ VY T potential: o
Y (bottorn): ISOi CRaRLLE Name: |sulid cone
Zottom): 0 |~ XZplane Color: |red -]
First Radius: |30— o Mobile poinfs
Second Radius: |10_ |Puints -~
Length: 60 Discritization: [100 OK_|

Results:

T — Siais o e e el e
. 1w [ Bai J Mernan [T B 1]
scaMr. ¢ F C / O GO+ O & il W LT [ereered]

Gkl

1

Workbench in Virtual Device.

- =~ *

Workbench in SIMION. Discritization:100



So user can see the difference in
pictures (SIMION workbench) for
different values of discritization.

Therefore user has to remember
about this parameter. When user
defines value of discritization, it
means that user defines the
thickness of slice. The thickness
of slice has to be less than or
equal to length of cell. It is
because roughness of geometry is
completely defined by length of
cell.

Workbench in SIMION. Discritization:5

‘\ Object: Cone with hole. This object presents itself as a cone with hole with the
following parameters:

x|
X (bottem): | [0 Length:| [Symmetry | |Potential: | [0
¥ (bottom): IO ISO & XY plane Name: Inu name
Z (bottom): IO  XZ plane Caolor: Inu color j

First Radius (inner): | |10 ¢ Z¥ plane Mobile points

First Radius (outer): | [20 IThere are not mohbile j
| Second Radius (inner):| E Discritization:| [10

| Second Radius (uut,er):| |8 OK |

XY, Z (bottom) — position of bottom of cone. First Radius (inner), First Radius (outer) —
outer radius defines radius of cone at one end of cone, inner radius defines radius of hole at the
same end of cone. Second Radius (inner), Second Radius (outer) — outer radius defines radius
of cone at the second end of cone, inner radius defines radius of hole at the second end of cone.
Length — length of cone. Symmetry — this option defines plane of bottom of cone. Potential: it
is potential in volts. Name: it is just a name of object. Color of object: here user can specify
color of object. Color of object is not used in SIMION. Mobile point: here user can set
connection between the geometrical object and the mobile point (if a mobile point was added to
the project). Discritization: this parameter defines how cone can be made in SIMION. Actually
cone as a geometrical primitive does not exist in SIMION language. But it can be built as a
number of slices with different radiuses. Therefore discritization is number of slices. This
parameter influences only 3D view in SIMION.

16



For example:

Set geometrical size of the cone with hole |

X (bottom): |50 Length:
¥ (bottom): |50 |60

Z (bottom): IO

First Radius (inner): (10
First Radius (outer): (20

Second Radius (inner): |5
Second Radius {outer): IS

~Symmetry—|  Potential: [0
& XY plane MName: Inu narme
X7 plane Color: Iblue :Iv
Mobile points
 ZY plane
|There are not mobile Ij

Discritization: IlOO

Results

71 30 Viesw (Workbench) and PR Bles
Fie  Addtonsl Paramaters PG

caME. © T F / B @08 P&
Rotation: Sup(Zk B Stwp Qk[0.1 Step (¥E[0.1 Distance stops 0.1 | xis
| Moving: Seop 0021 Seep 0:[1 Sp @[] Clpping seeps[1

N P Lo o P | joT=d T~
AT A T A TR TN
-

Workbench in Virtual Device.

Workbench in SIMION. Discritization: 100

‘ Object: Box with hole. This object presents itself as a box with hole with the following

parameters:

Box with a hole

X (center): |0

¥ (center): |0

Z (center): |0

X length:| [10

¥ length: | [10

Z length: | (10

X

~Symmetry | | Potential: |o

& XY plane || Diametr:| [0

Name: Inu narme

X7 plane

Color: Inu color
Maohile peoints

 ZY plane

[

oK |

I'I‘here are not mohbile puj

X, Y, Z (center) — position of box center. X, Y, Z length — length of box along axes. Symmetry
— this option defines plane of bottom of box. Potential: it is potential in volts. Diameter: this
parameter defines diameter of hole. If diameter exceeds length of box then diameter is
automatically reduced. Name: it is just a name of object. Color of object: here user can specify
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color of object. Color of object a not used in SIMION. Mobile point: here user can set
connection between the geometrical object and the mobile point (if a mobile point was added to
the project).

For example:

X(center): [0  [Symmetry | Potential: 0
¥ (center): |507 & XY plane | Diametr: ISO—
Z (center): |507 Name: Ibux with hole

Xlengt: a0 | © XEPI cqlor: fred -
¥ length: |407 ¢ 7Y plane Mahile points QK |
Z length: |407 IThere are not mobile pu:j

Results:

7730 View (Workbench) and PR Bles =101x]
Fie Additions Paamters PG

csmue. ® T F / B @40 Bl el
Rotation: Stop(zy [ Step (Xk[01 Swep (¥R[0.1 Distance stepsf01 | Avines  Grid B

Workbench in Virtual Device.

= ________________________————————————n

Workbench in SIMION.

' Object: Ideal plane grid. This object presents itself as a box with thickness of one cell.
According to SIMION rules any object with thickness about one cell will be regarded as ideal
grid. Ideal grid is described by the following parameters:

x|
B ety X center: IO Potential: IO
@ il ¥ center: IO Name: [ho name
 XZplane Z center : IO Mobile points
X lengthi2: [10 | -l
© ZYPIane |y jengtin2: [10 oK |

Symmetry — this option defines plane of grid. If XY plane is chosen then user has to specify
length along X and Y axes. If XZ plane is chosen then user has to specify length along X and Z
axes. If ZY plane is chosen then user has to specify length along Z and Y axes. X, Y, Z (center)
— position of grid center. Potential: it is potential in volts. Name: it is name of object. Mobile
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point: here user can set connection between the geometrical object and the mobile point (if a
mobile point was added to the project).

For example:
X|
53 ey X center: |50 Potential: IO
© XYplane |y conter: [s0 Name: [ideal grid
¢ XZplane | Zcenter: |50 Maobile points
Z lengthi2: |30 I'I'here are not mobile pu:j
9 Ik Y length/2: ISU
Results:
[ view (wsrkench and PG Res L TET|

¢t T C L 0040 SE DL ON
Rotation: Swop@:[0.1  Step (ko1 Swp (o1 Dm-mﬁ_ Axises  Grid 5
Maving: Step (1 Step (V[1 Step (@:[1 Clipping seeps[1

Workbench in Virtual Device.

Workbench in SIMION.

. Object: Box with split. This object presents itself as a box with split with the following
parameters:

x|

X (bottom): |0 ~Symmetry—| | Patential: |0

¥ (bottom): | |0 & XY plane | | X (split): | |S

Z (bottom): | [0 ¥ (split):| |5
By ¥ Gptity]|

X length: |20 ¢ XZplane Name: Inu narmne
\—‘Y length: I20 © ZY plane

Z length: |20 Inu color j

Mobile points IThere are not mobile puj 0K |

X, Y, Z (bottom) — position of bottom of box. X, Y, Z length — length of box along axes.
Symmetry — this option defines plane of bottom of box. Potential: it is potential in volts.
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Split: those parameters define radius of splits along appropriate axes. If radius exceeds length
then radius is automatically reduced. Name: it is just a name of object. Color of object: here
user can specify color of object. Color of object is not used in SIMION. Mobile point: here user

can set connection between the geometrical object and the mobile point (if a mobile point was
added to the project).

For example:

x|
X (bottom): |50 (Symmetry | Potential: IO
¥ (bottom): ISO & XY plane X (split): ISO
Z (bottom): ISO ¥ (split): |20
X length: [50 € XZplane | orme: [box with splif
¥ length: ISO - 7 plane Color:
Z length: |20 IDragun j
Mobile points IThere are not mobile pu:j QK |

Results:

BEIEIE T CTT =ioix]

Fie  Adduond Parameters PG
CESMP. T [ C / B QoGS B L @A
Rotation: Step(Z): [ Step 00:[0.1 Step (¥[0.1 Distanco step:o.] | Avises  Grid 53

Moving: Step (0:[1 Suep (V:[1 Swp @[l Clipping step:[1
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Workbench in Virtual Device.

Workbench in SIMION.
with the 10llowing parameters:
X]
X (centry:| o SYMMET B otential:| [0
¥ (centr): |0 & XY plane Mame: |nn name
Z (centr): |0 Color: |nD color j
X7 plane =
Inner Radius: |10
OQuter Radius: | [15 ¢ Z¥ plane | -l
o
| Segment center. (degree):| |0
| Segment diverg. (degree): ‘ |90 OK

X, Y, Z (bottom) — position of bottom of segment. Inner Radius — radius of hole. Outer
Radius — radius of segment. Symmetry — defines plane of segment. Length — defines thickness
of segment in the plane of symmetry. Potential — potential in volts. Name — name of object.
Color of object: here user can specify color of object. Color of object is not used in SIMION.
Mobile point: here user can set connection between the geometrical object and the mobile point
(if a mobile point was added to the project). Segment center (degrees): this parameter defines
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position of segment center. This position is in degrees. Segment diverg. (degrees): this
parameter defines divergence angle of segment.

For example:

Set geometrical size of the Segment of disc with hole x|

X (centr): ISO 5 ety
Y (centr): |50 © XY plane
Z (centr): IO

Potential: |0

Name: |segment

Color: Iguld metal vl

© XZ plane
Inner Radius: |10 P Mobile points
Quter Radius: ISS ¢ Z¥ plane I'I‘here are not mellEj

Segment diverg. (degree): ISO

If you add four segments to a project with parameters as in example (above) and the following
parameters:

first segment Segment center (degree): 0, second segment Segment center (degree): 90,

third segment Segment center (degree): 180, fourth segment Segment center (degree): 270,
then you will get the following project:

Results: Ll =T

30 e [Workbench) and PR s =loix

csMr ¢ T P / 8 QOGS E REL G
Rotation: Step(Z[0.1 Swp (k0.1 Step (Vi[01 Distanco step:0.0 | Acises  Grid 5

Moving Siep (k1 Swp O]l Swp @[l Chpping et

X
s
- ﬁélE
e A
AT ﬁfk
2ot eRTLe:
PR
»jﬁiv,
t)lr;
Li:/
*‘k"::':\ <
S
wi:§>;d
Workbench in Virtual Device. — — =

x
X (center): |0 Color: InD color =
Y (center): IO Mobile points I'I'here are not mobile points j

Z (center): |0 | Rotation around 1 tube: | |0

Length: | [40

| Rotation around 2 tube: | |0

Potenias
Name: Inu name I._J

| Imner Radius (1 mbe):|10
Outer Radius (1 tube): |15

| Imner Radius (2 tube): | |10
| Outer Radius @ tube): | [1S

OKl

X, Y, Z (center) — center of crossing of tube. Length — length of both tubes. Potential: it is
potential in volts. Name — name of object. Color of object: here user can specify color of object.
Color of object is not used in SIMION. Mobile point: here user can set connection between
geometrical object and mobile point (if mobile point was added to project).
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Inner Radius (Tube 1), Outer Radius (Tube 1) — radiuses of the first tube. The difference
between outer and inner radiuses is thickness of the first tube. Inner Radius (Tube 2), Outer
Radius (Tube 2) — radiuses of the second tube. The difference between outer and inner radiuses
is thickness of the second tube. Rotation around Tube 1, Rotation around Tube 2 — those
parameters define angle of rotation around tubes. Potential — potential in volts.

Example:

X
X (center): |50 Color: Ingd -]
Y (center): |50 Mobile points |there are not mobile ponts j

Z (center): |SO Reotation areund 1 tube: IO
Length: (60 ERotation around 2 tube: IU

Potential: |0 Drawing quality:

Mame: |Cross I )|

Tnner Radius (1 mbe):llo Tnner Radius (2 tube): (16
Quter Radius (1 tube): |15 Outer Radius (2 tube): |18 ,TI

Results:

alnix

Gur e T F/ 6000 OE REOM
Rotation: Step@:[01  Stop 00:01 Sop (0:D1 Distamce steps 01 | Avises  Grid 5

Workbench in Virtual Device.

Workbench in SIMION.

Drawing quality — this parameter defines quality of drawing of cross in Virtual Device only and
it does not influence results of transformation of cross to SIMION. User can set up drawing
quality of cross according of users’ video card. The high value of drawing quality leads to
decreasing of velocity of redrawing of cross during rotation.
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Object: Ideal conical grid. This object presents itself as an ideal conical grid with the
following parameters:

X
X (battom}: | |0 ~Symmetry | |Paotential:| |0
¥ (bottom): |0 = XY plane Nare: InD nare
Z (bottom): |0 ® ST Mobile points
First radius : |10 I'I‘here are not mobile j
" ZY plane
Second radius : |20
Length:| [30 oK |

X, Y, Z (bottom) — these parameters define position of bottom of conical grid. First, second
radiuses — radiuses of both ends of conical grid. Length — length of conical grid. Symmetry —
this parameter defines plane of bottom. Potential — potential in volts. Name — name of object.
Mobile point: here user can set connection between geometrical object and mobile point (if
mobile point was added to project).

Example:
Set geometrical size of the ideal conical grid B

X (bottom): ISO rSymmetry | Potential: IO
¥ (bottom): |50 & XY plane TName: Icunical gri

Z (bottom): |50 ¢ XZplane Mobile poinis
First radias : |10 -]

¢ ZY plane

Second radius : |20

Length: [30 oK |

Results:

20 Vien rkaie’t ot P B alnix

GaMe. ® T F / 8 @908 % DA W

Rotation: Sup(Zk[01  Stop OK[0.1 Stap (0:0.1 Distamee stopc01 || Axises  Grid 5
'H-hsn-ocill_hmll_'mu_?tﬁmwll_ : i,

Edd
Yot i |

i/
T

i/

3
A
~
|
i
o
I
3
at
-
i
1
o)

r
t~
P
k‘l
I~
~]

Workbench in Vi rtual Device.

-
Workbench in SIMION. This grid is almost invisible in
SIMION
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@ Object: 3D sentence. This object allows adding 3D letters to workbench. This object is

not supported in SIMION:
Set position of 3D text (it doesn't work in Simion})
X (centre): |0 | Rotation around z: | |0
Z (centre): | |0 | Ratation around y:| o
¥ (centre): IO | Rotation around x: | ID
Iﬁl |1 ‘ Color ufubject:| Inu color j
Sentence: |3D text QK |

X, Y, Z (center) — these parameters define position of first letter in sentence. Size — this
parameter defines the size of sentence. Sentence — here user can type letters. Rotation around
Z, Y, X: those parameters define angles of rotation around axes (angles are in degrees). Color:
this parameter defines color of object.

For example:
Set position of 3D text (it doesn't work in Simion)

X (centre): |130 Rotation around z |150

Z (centre): ISO Eotation around ¥: IO

¥ (centre): ISO Rotation around x: ISO

Size: ISO Calor of abject: [Dragon -~

Sentence: [V.D.v.17

Results:

7 3D Yiew (Workbench) and PRG files

GsME. & [ F / O SO OG ¢ @&..
Rotation: Smp(Z):,F mnm:lﬁ Stepm:,ﬁ Dismcamn:lﬁ” Axises Grid m|

Moving: Step (0:[1 Step @[l Step @:[1  Clipping step:[l
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P

"S5 Obiject: Any axial object. This object gives possibility to create a geometrical object
with axial symmetry where shape / profile of electrode is given:

X|
Thickness: |2 Potential: |0 Name: | [Noname
File:|| Load Data | s mp.mw—
Color of object: Inu color j P S

€ Xaxis
Mobile points: IThere are not mobile point |
Discritization: (10 __ oK |

File — here user can specify the file where shape of electrode is stored. The format of file is
discussed bellow. The file describes inner surface of electrode. Thickness — here user can set up
thickness of electrode. The outer surface of electrode is defined as inner surface plus thickness.
Color of object: here user can specify color of object. Color of object is not used in SIMION.
Mobile point: here user can set connection between geometrical object and mobile point (if
mobile point was added to project). Potential: potential in volts. Name: name of object.
Discretization: this parameter defines how this geometrical object can be made in SIMION.
Geometrical object with axial symmetry can be build as a number of slices with different
radiuses. Each slice is presented as a round electrode with a hole. Radius of the hole is defined
by data from file. The outer radius is radius of the hole plus thickness. Therefore parameter
discretization is a number of slices. It influences only 3D view in SIMION. Axis of symmetry
— here user can specify the axis of axial symmetry.

Format of file: The format of file with data consists of several columns. Examples of such files
are placed in \examples_vds\axial object\
For example: my_ axial object x.txt

0 505025
80 505050
100 50 50 35
120 50 50 15
150 50 50 5

The first column is data along X axis, the second column is data along Y axis, and the third
column is data along Z axis. The last column is radius.

For example:

xlal object

Thickness: |2 Potential: |0 Name: |ax1a1 ub]e-:t

File: I\my axial object xtxt TLoad Data | x?__ﬂ;l;f’:s}mmehy—
?  Yax
| Coler of gbject: [Dragon =] & X

Mobile points: I'I‘here are not mobile puintsj

Discritization: [100 &l
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Results

70 View (Workbench) and PRE fles =10l

Fe Addtonsl Par sesters PG

csme. ® F /7 B @G ¢ R @&
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Workbench in SIMION.

. Object: Sphere. This object defines sphere with the following geometrical parameters:

X
rX cut view ) (£ cut view
X (centen): 0 Potential: | |0  leftside | | C left side
 right side| | © right side
¥ (center): |0 Name: Inuname % mgnl; b mgnl:
Z (center): |0 Color: InD color j S @it wher—
Radius:| [10 Mobile points " left side
" right side s
Thickness: IlS I'I‘here are not mobile puinj  none 4|

X, Y, Z (center) — those parameters define position of center of sphere. Radius — defines the
radius of inner surface of sphere. Thickness — here user can set up thickness of electrode. The
outer surface of sphere is defined as inner radius plus thickness. Potential: potential in volts.
Name: name of object. Color of object: here user can specify color of object. It is not used in
SIMION. Mobile point: here user can set connection between geometrical object and mobile
point (if mobile point was added to project).

X, Y, Z cut view — here user can specify half and quarter of sphere. When None is selected, a
whole sphere is drawn. Left, right sides — selects parts of sphere to be cut of (along appropriate
axis).

Example 1: full sphere.

x|
X cut view | - Z cut vie

X (center): ISO Potential: IU ~ 1eft side - left side
o - o -

Y (center): |SO Name: |SpherE| o ;:ﬁ;t side = :;:ﬁll;t side

Z (center): (30 Color: |green j W i T E—

Radius: |23 Mobile points ® L1 ElE

" right side OK

Thickness: IS I'I‘here are not mobile puinlj ' none 4|
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Results

nas.ur.t rr/i 080000 BL OGN
Rotations Step@:[T]  Sien 00:P1 Stop (0:P1 Distancostops01 | Avies  Grid (5]
sup (61 swp @il

Workbench in Virtual Device. Sphere

Example 2: Half sphere.
X cut view | [ Z cut view
X (center): ISO Potential: |0 & leftside || © left side
¥ (center): ISO Name: Isphere ; Eﬁg“de ; Eﬁg“de

Workbench in SIMION.

Z (center): (S0 Color: Igreen j T @ hE—
:  left side
Radius: 23
| Mobile poinis C right side
Thickness: IS IThere are not mobile poini j ' none -OK
Results:

| )

GaME T T F 7/ 8900 % RBL s
Rotuio: SoptZh 0] St CO:f01 Stap 0601 Distance stepsfil | Aions  Giid 5

Workbench in Virtual Device.
Half Sphere.

Workbench in SIMION.




Example 3: Quarter sphere.

X
X cut view | [ Z cut view |
X (center): ISO Potential: |0 & left side © left side
i p o p
Y (center): ISO Name: ISphBrB - ;Lgnlg il & fl:fnl:t siile
Z (center): |50 Color: Igreen j S G
Radius: [23 Mobile points ¢ left side
(C rlght side -
Thickness: IS I'I‘here are not mobile puimj " none (ES
Results:

T 30 Ve (Warkbench) and PRG Bes

=il
Fhe Addtonal Farameters PRI

GLsMP. T [ C / B @& 0O ¢ RL ey

Rotation: Seepézk[]  Step (X3[01 Step (Y01 Distance stopsfo1 | Avises Grid 5]

Maving: Step 001 Step (0:[1  Suep @:[1 Clipping sieps 1

Workbench ih Vi_rtuéll Device.
Quarter snhere.

p—

Workbench in SIMION.

Object: Real grid. This object defines parameters of real grid (as a single object). The
grid presents itself as a number of wires:

Set geometrical size of the real plane grid

X (center): IO [Grid in plane™) Potential: IU
¥ (center): IO CAXY plane Name: |[noname
Z (center): IO ¢~ X7 plane Color: | j
Length (X): |20 Mobile points
" ZY plane
Length (¥): |20 IThere are not mobile puinj

Radius of wire: |1 Distance: |3 OK |

X, Y, Z (center) — position of center of grid. Length (X, Y, Z) — defines sizes of grid. Radius of
wire — defines the radius of wire. Distance — defines the distance between wires. Potential:
potential in volts. Name: name of object. Color of object: here user can specify color of object.
It is not used in SIMION. Mobile point: here user can set connection between geometrical
object and mobile point (if mobile point was added to project).
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For example:

Set geometrical size of the real plane grid X
X (center): |50 [Grid in plane™ Potential: IO

¥ (center): (50 R iane Name: Ireal grid

Z (center): |50  XZplane | Color: |Dragun j
Length G |40 Mobile points

= Z¥ plane

Length (Y): |40 Ithere are not mobile puntsj
Radius of wire: |1 Distance: |3

Results:

csur € T/ 89P0 T RBE O
|| Rorsion: Suopz] siep 00:o1 Suop o1 Disncostop o1 | sies Gt 5
Msmmla_m[n_mmm-*

Workbench in Virtual Device.
Real grid.

Workbench in SIMION. Real grid.

The advantage of real grid is the following. The real grid can be arranged as a single “fast
adjustment electrode”; therefore user can quickly change potential on grid.

Dear User, at this moment there are 14 geometrical objects. If you feel that some important type

of electrode is missing you can inform the author (kol-sergei@yandex.ru), and your electrode
will be added to Virtual Device.
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Chapter 1.4. Useful hints.

This chapter covers some useful hints and suggestions.

Hint 1. The quality of 3D geometry in SIMION is strongly dependent on the number of points
per millimeter. Therefore it is better to set up as many points as possible. But there is limitation
for total number of points (maximum number =50 000 000, in version 7). This limitation can be
overcome in two ways. First way: User can set up a 3D project with different number of points
per millimeter. It is better to first create a geometry with rough grid, and then - with precise grid
within the former. Two instances will overlap each other.

For example: Two cones with different density. The cone with precise grid is placed at tip of the
cone with rough grid.

[Rad][be1] [WomAHER: -Pa [E e E[0
[Fp1l[Cpy] [Ele—Fiachany: 1 m@

DAY Rz= 13%.00. E1=-3%.26

Picture 18. Two cones with different density of points per millimeter.

Second way: Sometimes 3D geometry can be splitted up for several instances which do not
overlap. Therefore user can set up about 50 000 000 points for each instance. In this case total
number of points can be much more then 50 000 000 points.

Hint 2. When setting number of total points it is necessary to take into account how many points
are in the most narrow hole or split. If it is supposed that ions have to come through a hole, then
field in this region has to be calculated very carefully. Therefore total number of points can be
estimated from estimation of hole. For example, we would like to estimate number of points for
a system of lenses.

Example A. Symmetry: Planar, Mirror: none: The lens of system of lenses is about 50 mm,
the hole (diameter) of lenses is 2 mm, and outer diameter of lenses is 30 mm. The total volume is
30%30*50=45000 mm®. This volume corresponds to X*Y*Z=50 000 000 points. Suppose we like
to use 100 points for diameter. It means 2mm = 100 points, therefore 30 mm = 1500, and 50 =
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2500. If we base on this estimation then total number of points will be 1500%1500%2500=5625
000 000. Obviously this value is much above 50 000 000. Therefore number of points which can
be used in hole is a very important parameter.

Example B. Symmetry: Planar, Mirror: YZ: The total number of points can be reduced if we
use mirror type symmetry. For example, let us discuss the same geometrical system of lenses.
We have supposed that axis of axial symmetry is X axis. “Geometry” can be made only for
region X>0, Y>0, Z>0. The region Y<0, Z<0 is automatically calculated by SIMION if we
specify Mirror: YZ. In that case the total number of points will be (1500/2)*(1500/2)*(2500)
=1406250000. Compare this results with results in example A above: we can conclude that by
using mirror we reduce total number by four times.

Hint 3. If you have unintentiously deleted ‘working window’ and ‘view of project window’,
You can restore those windows by choosing Additional Parameters — view all’. See picture 19.

<7 3D View (Workbench) and PRG files

F/l 800000 & RBL GG

Set Potential by Color

‘ Re et Dm‘ec;m_l_ Step (}QW Step (¥):/0.1 Distance step: (0.1 “ Axises  Grid &

Moving: Step (X):[1  Step (¥:[1  Step @:[1  Clipping step:[1

Picture 19.

Hint 4. User can automatically set up the same potential for electrodes which have the same
color. For example you have 10 electrodes with some color, say — red. Then choose ‘Additional
Parameters — Set Potentials by color’. See picture 20.

Picture 20.
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Then you will see the following window (picture 21). Specify color (for example, red) and value
of potential. By pressing ‘Set potential’ user automatically sets up value for all electrodes with
red color.

Set potential x|
Color
Inu color j
Set Potential

IO
Set potential |

Picture 21.

Hint 5. Resize project. It is intuitively clear that it is more convenient to create a 3D project in
millimeters. But SIMION deals with points. To make users’ life easier option Resize project
was developed. User can change the size of geometrical object by setting coefficient of
multiplication. Geometrical parameters (position of center/bottom, length and so on) will be
changed by multiplication by this coefficient.

For example:

0] x|

(sun ¢ FF 7 80600 E B e
Rotution: Step(2: W] Step 00: 1 Stup (0601 Distance sop:ol || Avives Grid 5

Enter ratio (new valuefold value)

271 ~| | Resize |

Results:

Fie Adlliond Paarvelers LD

GsMp © T F 7/ 0 @408 C BLON

IS =TE

Rotaion Step@{o1 S 0:p1 Sup (01 Distancostepfl | Avisos Grid 5

Moving: Stop (Xk[1  Stap (V|1 Step 2|l Clipping step: |1
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Now user can transform 3D geometry to geometry file, save as PA arrays and load PA file with

coefficient 0.5. User will get project in SIMION in millimeters, however, with large number of
points per millimeter.

Hint 6. How are millimeters in Virtual Device related to points in SIMION?
The relation between millimeters in Virtual Device and points/millimeters in SIMION is quite
simple.
For example: We would like to create a tube in millimeters in Virtual Device, and we like to
have this tube in SIMION with the millimeters/points ratio = 0.1. It means 1 millimeter is
presented by 10 points (cells) in SIMION. We can do it in several steps.

A. Let us make the following tube:

X
X (bottom): ISO B etry Potential: IU
¥ (hottom): ISO  XYplane | Name: Inu name
Z (bottom): ISO Color: IDragun 'l
 XZ plane .
Inmer Radius: |10 Mobile poinis
Outer Radius:llS ¢ Z¥ plane IThere are not mobile pn'j
Lengtti o

The length is 40 mm (we supposed that is in millimeters). We would like to have this distance
also in SIMION.

B. Then we have to enlarge 3D project by resizing (coefficient of resizing 10/1) or we can set up
parameters of tube by hand.

C. After resizing it is necessary transform our 3D project to a GEM file.

D. Create new project in SIMION by loading GEM file and save result as tube.PA#.

I. Empty memory in SIMION and create a new project in SIMION.

F. Add tube.PA# to the new project. You can do by pressing button ‘Add’ in ‘Pas’. See the
following picture.

- SIMION T.0w - BT

l0l2

G. To add the tube to the new project user has to fill in following data:

33



DoneI

Working Origin’'s Working Origin’s PA Scaling and Special Angle
PA Offzet (gu> Workbench GCoords Orientation Orientation
[0x+ 0.000] |¥ + 0.000| | 1.00000mm/gu| [Az + 0.0000°)
[Oy+ 0.000| [Y + 0.000| [x=+X le=+¥ 1] [E1 + 0O.0000°
[0z+ 0.000] |Z + 0.000]

Here user has to set up coefficient mm/gu as 0.1. This coefficient is exactly reverse to coefficient
of resizing. Now you have the tube with length 40 mm and the scale is 10 points per one
millimeter.
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Chapter 1.5. Symmetry and mirror of 3D project.

Here we shall discuss the problem of symmetry. As it was shown above, there is a
possibility to set up a type of symmetry and of mirror in SIMION. Using of those parameters
allows reducing total number of points per millimeter and reducing the number of electrodes
actually created in Virtual Device.

Example. Let us create a simple electrode — short tube (some kind of a lens).
We will set up the following parameters of the project and the tube (21, 22).

= x|
) t.
Length of X axis (units): |100 X (battom): [20 YIMEEY 1 potential: [0

Length of Y axis (units): 100 (@ |7 € X¥plane | Name: foube
Z (bottom): IO Color: Igreen 'l

EETEN T e n(Eies D Inner Radius: |20 © XZplane Mobile points
Name ufprnje-:t: INEW project Outer Radius: ISO ¢ Z plane I'I‘here are not mobile pu:j
Numbers of paints: 1000000 Length: |40
Picture 22.
Data for SIMION

771 3D Yiew (Workbench) and PRG files 1ol x|
File  Additional Parameters  PRG

Symetry: Iplanar j
csur. € T F /. 0 QO S % RBRL O
Mirror: IIIDIIE j Rotation: Step(2):[0 | Step (:0.1  Seep (9):01 Dimmamp:lﬁ“ Axises  Grid 59
Type field: IElectrustatic j Mebe Sadil S @]l se@ll Smbcurl |

Magnetic scale factor: |1
QK |

Picture 21.

- Picture 23. Virtual Device workbench

The part of the tube stretching beyond the
boundary of the grid is cut off by SIMION. Now
we will change only the mirror parameter. Let us
set it up the following value: Mirror: Y. it does
not influence the picture in Virtual Device
workbench, but the picture in SIMION workbench
will be different.

Picture 24. SIMION workbench,
Mirror: none
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Picture 24. SIMION workbench, ' Picture 25. SIMION workbench,
Mirror: Y. Mirror: YZ.

Therefore, user can create a complicated geometry just by changing the mirror parameter. Here
is another example of such geometry. Size of project: X: 200, Y: 100, Z: 100.

csur € T F/ 8 Q4GS BNE OGN csur. € T F 7/ 0 Q400 % R& O
Rovaion: Step2 B Stop 001 Stop (6o Distanco seops1 | Asier Gt 5 Rotution: Sup@:[ Stop 00:1 Sup 0ol Distancostopsol || Avses Grid 5§

Picture 28. SIMION workbench, Picture 29. SIMION workbench,
Mirror: YZ. Mirror: XYZ.

Now you can see how the mirror parameter influences 3D geometry in SIMION.
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Chapter 1.6. Mobile points.

The main purpose of mobile points is simplification of working with very complicated
projects. How mobile points can make life easier? Actually position of geometrical object (center
or bottom) is defined relatively to zero of system of coordinates. If user adds mobile point to
project then user can specify position of geometrical object according to that mobile point, while
position of mobile point is automatically settled up according to zero of system of coordinates.
Example: load project ‘\tof parts\mirrors.vds’. All electrodes in this project are related to

mobile points ‘point #1°. See picture 30.

171 3D ¥iew (Workbench) and PRG files

File  additional Paramet ters  PRG

csMP. € [ / 0 @ O & ® €

=1aix|

B & @ &

Rotation: Step(Z): m Step (X)IF Step (Y)IW Distance steplFH Axises Grid @

Moving: Step (X:[1  Step (21 Step (2:[1  Clippingstep:1 |

X Gottorn): 0
Y (pottom): [3
ZGottom): 0
Xlength: [152
Zlength: [432
Ylengeh: [

« X7 plane

~ ZY plane

Box with a split

x|
Patential: [1
Xplio: g4
Zeplit: [B24
MName: Ir

Color:

Igreen -

Mabile points [point #1

=l oK

Picture 30.

Now choose pictogram ‘points#1’ and change X position to zero.

x|
X position: IO
Y position: IO
Z position: |216
Narne: Ipoint #1

Tree of mobile points

| Poinis
| point #1

You will see that all electrodes will be automatically shifted. Therefore mobile point allows
changing positions of all electrodes associated with mobile point at the same time. If you do not

use mobile points then you have to change positions of all el

ectrodes (step by step) by hand.
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:7% 3D View {Workbench) and PRG files. —1ol x|
File additional Parameters  PRG

csue. ¢ [ F /7 8 @O G ¢ B& @ &
Rotation: Smp(z):m Step (IQIF Stap(.‘l):lﬁ Disumcnst&p:lﬁ“ Axises Grid ﬂﬂ'
Moving: Step (0k[1 | Step (0i[1  Step @:[1  Clippingsvepsfi |

Therefore you can evaluate how useful mobile points are.

Chapter 1.7. Scientific calculator.

Introduction: The main purpose of scientific calculator is to increase speed of
development of electrodes with axial symmetry. Some electrodes (profiles) can be described by
analytical expressions. Virtual Device provides possibility of fast building of such electrodes.
The creation of electrodes is based on translation of arithmetic expression (which is just a text) to
code, which can be executed by computer. The are many possibilities of translation, but we base
on so-called ‘reverse Polish writing’. We shall not go into details of how this algorithm works.
The details of algorithm used in Virtual Device are published in [5].

To run calculator pick up ‘S _Calculator/Calculator’ as is shown on the following picture.

29 3D View (Workbench) and PRG files: o [=] JE |

File Additional Farameters PRG video
csMP. © [ F L 4 ¢ e ﬁ £ @
Rotation: Step(Z): m Step (X)IF Step (Y)IF Distance stnplF“ Axises Grid

Moving: Step (X):ll_ Step (Y):ll_ Step (Z):ll_ Clipping mp=|1_|

WERREESEIEE
TET
e
T
sy Yy
TS

=

%%\,J
e
e
i

&

P4
8

4
¥

You will get a window of calculator. It is not just an ordinary calculator, here user can type
complicated formulas and quickly create graphs. The results of calculation can be stored in text
files and hereinafter used in creation of electrodes with axial symmetry (axial objects). Actually
shape of graphs is used as profile of an electrode with axial symmetry.

The calculator window has the following parts: 1. on the left there is white space where
user can type formulas (examples of formulas are in the directory Virtual
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Device\examples_scientific_calculator\). 2. A blue-white chart in the middle is chart where user
can see results of calculation (as a graph), 3. to the right there is option to save results in text
format. This format is one used for creation of objects with axial symmetry.

Scientific Calculator:  Calculation of shape of electrode with axial symmetry |
e T T (Adsofsymmeay —
_,J == ; :
& X axis
El :
Y axis
@ : .
T ¢ Z axis
S :

uniform scaling (x): |1—

uniform sealing (¥): |1

T
iI 5 ¥ oaxis

Position: 0 Xmin: |-1 Xmax: |1 I points: |100 Save results | Cluse'

"'J - button to load formulas from text file, - button to save formulas in text file.
Ij

- button to run calculation. User has to type function in the following format: y=f(x),

therefore X min and X max define the range of x. N points — defines how many points will be

used in calculation in the given range. Button ‘Close’ closes the window. Position shows the

position of cursor in area of formulas. That can be very useful when user has made mistakes:
Scientific calculator reminds about error and names the position where error occurs.

It is necessary to note that user has to use function y=f(x) because this part of code
(interpreter of code) was imported to Virtual Device. According to axial symmetry it means X
axis is axis of symmetry, Y (Z) - axes of radius. To have access to other axes of symmetry we
just add possibility of changing axis of symmetry when data will be written to file. For example:
user types a function y=f(x) but chooses Z axis as axis of symmetry (to the right of calculator
window). Therefore X axis will be substituted by Z axis. The example of that is shown below.
The best way to learn how to use Scientific calculator is just to repeat several examples.

Example 1: type the following expression: Y=sin(x) +3, and set up range of X [0:10].
Ij

Press button and you will get the following chart:

Scientific Calculator:  Calculation of shape of electrode with axial symmetry |
Sy el Axds of symmetry
'__J === .
& X axis
{example of calculation} ;I
) Y axis
' = ginfx] +3; @
3B e e L o ¢ Z axis

uniform scaling (x): |1—
uniform sealing (¥): |1

T
“ o 1 2 3 4 5 & 7 8§ 9
Kl _>l_I e

Position: 0 Xmin: Io X max: |10 N points: |100 Save results | Closel

Save data: press button ‘Save results’ and specify file name (for example: my_shape.txt). Now
create a new axial object (see any axial object) and load data from fresh baked file
(my_shape.txt); you will get axial object with the following surface:
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This electrode is quite small because sin(x) is range [-1; 1]. To increase all data proportionally
just change ‘uniform scaling (x) and (y)’ to 10 and save results (you do not need to recalculate).
Load the new data into your axial object and you will get the following results (left picture):

T 3D ¥iew (Workbench) and PRG files:

Geometrical size of projeck

T a
Length o

As you can see, the “uniform scaling” coefficients are just scaling coefficients. Now specify
parameters for SIMION project as is shown on the right picture above, then create gem file and
load this file to SIMION. As a result you will get the following picture:
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Example 2: Now load formulas from file my example.txt. Specify X range as [0; 10], specify
axis of symmetry as Z axis, uniform scaling coefficients as 10. You will get the following
results:

{example of calculation}

Axis of symmetry
X axis

Y axis

' = [zin[x] + explx/5]);

uniform sealing {x) |10
uniform scaling {¥) |10

LI . ¥ oaxis
Position: 0 X min: I(] X max: |10 N points: |100 Save results | Clusel

Now save results in some txt file, launch a new axial object and load data from your txt file.
Remember that you have to specify axial symmetry for axial object as Z axis, because you have
saved results of calculation in Scientific calculator with Z axis of symmetry. Do not forget to set
up correct parameters for SIMION project as is shown on the following picture:

X
Length of X axis (units): W
Length of Y axis (units): [100

Length of Z axis (units): [100

Name of project: INew project

Number of points: 1000000

Data for SIMION

Symmetry: plamar <]
Mirror:
Field type: [Electrostatic  -|
Magnetic scale factor: Il—
OK |

If you do all correctly, you will get the following picture in Virtual Device and it is equivalent in
SIMION:

30 View (Wosktene ) and PRG lles:

st Porameters. PG wien 5. Colkater
csMp F T F / 0 @0 G0 & RBL®
Moving: Step (0:[1 Swop (V:[1 Step @i Clipping step:1

To create such electrodes I spend about several minutes. How many hours do you spend to do
the same?
There are more examples in directory Virtual Device\examples_scientific_calculater\.
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Syntax: Operation and functions.
At the moment user can use the following functions and operations:

notation Operation/functions
abs(x) absolute value
arccos(x) Arccosines (results
in radians)
arctg(x) Arctangents (results
in radians)
cos(X) Cosine (argument
in radians)
exp(x) exponent
In(x) natural logarithm
sin(x) Sine (argument in
radians)
sqrt(x) square root
tg(x) Tangents (argument
in radians)
( Opening bracket
) Closing bracket
+ addition
- subtraction
* multiplication
/ division
= assignation

Constants: Pi, E (base of natural logarithm).

Formal rules:

1. There is no difference between upper and lower cases, for example: Sin, sin, SIN are
equivalent.

2. The description of formulas can occupy as many lines as is necessary. User can continue
description to a new line at any position. Numbers have to be unbroken.

3. User can use identifier. For example Pi is one of identifiers. It is possible to set up user’s
identifiers.

4. Comments have to be placed in brackets {} at any position of description but not inside a
number or inside an identifier.

5. If description of very complicated formulas consists of many expressions, then those
expressions have to end by semicolon ; (see examples in the catalogue described above).

6. User can use variables. If variable is not defined in description, then it is supposed that
this variable is zero.

7. Numerical constant can be written in the following formats: 5,5.1, 4E10, -4.2E-3. Please
take attention that separator for numerical number is a dot.

8. Usual mathematical restrictions are present. For example user can not calculate sqrt(-1).

If user makes a syntax error in description, translator shows the list of errors and defines
where those errors occur (position).

Zooming chart: to zoom in a chart, locate mouse on some part of the chart, press left mouse
button, and move mouse to the left and down. It will indicate a rectangle, then release left
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mouse button. The area inside the rectangle will be zoomed in. To zoom out, locate mouse on
some part of the chart, press left mouse button, and move mouse to the right and up.

Chapter 1.8. Screen resolution.

There is possibility to tune resolution of screen inside Virtual Device. To do it, just pick
up video from main menu. ‘Setting resolution’ inside it allows changing resolution. ‘Restore
default mode’ restores default resolution of your computer. When user picks up ‘Setting
resolution’, Virtual Device checks all possible variations of videos of your computer and creates
a list of modes. So user can choose an appropriate mode from the list. The length of list varies
from computer to computer. An example of such list is presented on the following picture:

_ 3D ¥iew {(Workbench) and PRG files:

File Addtional Parameters PRG  wideo S_Calculater

GsMp. € T F / 0 QOGS C RLO®
Rotation: Step(Z):lF Step (X)IF Step (Y)IF Distance stepl?“ Axises Grid
Moving: Step (X)=|1_ Step (Y)=|1_ Step (Z)=|1_ Clippingstem'l_

setup resolution

defaul

1280 % 960, 16 bpp
1280 % 1024, 16 bpp
1400 % 1050, 16 bpp
320 % 200, 32 bpp
320 % 240, 32 bpp
00 = 300, 32 bpp
R0 = 360, 32 bpp
512 x 384, 32 bpp -

<

43



Chapter 2. SIMION data Analysis.

Chapter 2.1. Load and Save data.

SIMION allows saving results of simulation in txt file. Therefore there is possibility to
develop users’ software for analysis. Virtual Device gives such possibility to user. It allows
unfolding SIMION data into a table, if SIMION data are saved in txt file in the following format
(example of this format is in file my_rec.rec):

||my_rec.1‘ec | [Load] |Save |

What Data Elements to Record

|II|:|n n IEuents ITOF [Hass | [Charge | [ Instance En] [Instance Hnl‘
||x = Hlnzm [ETo E]E]E]llnccllnx [y | [hz

|E] [orad E| [aE-dx | [aE-dy| [dE7az ]

When to Record These Data Elements

[Ton’s Start | [Ion’s Every Time Step| [Ton’s Splat | [A11 Markers |

|Entel~ing an Instancel |Crussing Discuntinuitiesl |Uelucity Reuersalsl

[ m| [ —m)| [

Format to Use For Recorded Data

| Include Headerl | Date & Iimel |Flight Settingsl | Describe Ionsl

|Hotes: | i

Uerhose | [Delimited | [By: | | H IE IE E] |Width 20| [Precision 8| ‘

Form Feed: |Be{-'01~e Each Il:lnl [After Each Fly’m”

|| 0 Leading Spaces|

Picture 31.
Important note: User has to remember that only two events are allowed. The first event is event
of ion birth. The second event is event of ion death. For example: lon’s Start and lon’s Splat. It
is not important what kind of death is. User can change Width and Precision.
Buttons:
To load data from file in SIMION format (see format above) it is necessary to press button
‘Open SIMION data’.
The each row in table (picture 32) presents one ion with two events. The first event (birth) takes
columns from 1 to 28, and second event (death) takes columns from 29 to 57.

Button ‘Append SIMION data’ — this button allows to add data from SIMION file to existing
data.

Button ‘Save data’ — this option allows to save data from table to txt file.
Button ‘Load data’ — this option allows loading data from txt file to table.

Button ‘Append data’ — this option allows adding data from txt file to data in table.
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Button ‘Split and Save data’ — this option allows splitting data from table and save splits into
different txt files.
Button ‘Clear table’ — this button clear table.

o
Open/Save SIMION data | Space and Phase distribution | Histograms/Resolwing power | Tahle manipulation |
mm : | Load data | Append Data | Clear table |

Append SIMION Data | Save data | Split and Save data | Close |
e (column 0) Event (cohumn 1) TOF (column 2) |Mass (column 3) |c1mge (column 4) |X B\ﬂ
1 0 118.09 1 15
2 1 0 11809 1 158
3 1 0 11809 1 158
4 1 0 11809 1 158
F; 1 0 11809 1 158
6 1 0 11809 1 158
7 1 0 11809 1 158
8 1 0 11809 1 158
9 1 0 11809 1 158
10 1 0 11809 1 158
11 1 0 11809 1 158
12 1 0 11809 1 158
13 1 0 11809 1 158
14 1 0 11809 1 158
15 1 0 11809 1 158
16 1 0 11809 1 158
EI_I 1 n 118 N9 1 15’ =

Picture 32. Open/Save data.

Chapter 2.2..

This part of Virtual Device gives possibility quickly makes plots of ion distribution in
different planes and make plots of phase distribution of ions along axes (see picture 33).
Button ‘Distrib. In XY plane’ — this option allows making plot of ions in XY plane.
Button ‘Distrib. In ZY plane’ — this option allows making plot of ions in ZY plane.
Button ‘Distrib. In ZX plane’ — this option allows making plot of ions in ZX plane.
Button ‘Phase distrib. (Vx: X)’ — this option allows making plot of ions phases along X axis.
Button ‘Phase distrib. (Vy: Y)’ — this option allows to make plot of ions phases along Y axis.
Button ‘Phase distrib. (Vz: Z)’ — this option allows to make plot of ions phases along Z axis.
Example of ions phase distribution is presented on picture 34. The red rectangle on
picture 34 is window, parameters of which are defined in window of detector/acceptance (see
picture 35). User can easily evaluate how many ions inside of detector/acceptance. Virtual
Device automatically calculates total number of ions in distribution and how many ions inside of
detector/acceptance.

Detector/ Accept: This option allows set up rectangle which can be used for estimation number
of ions in different planes and number of ions in phase diagrams (see picture 35). User has
possibility to save data of detector/acceptance to ‘txt’ file.

Buttons D. filtr. ZX, D. filtr. ZY, D. filtr. XY allows deleting all ions which are out side of
rectangle. It is filtration inside of window.
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I=TE
Open/Save SIMION data  Space and Phase distribution | Histograms/Resolwing power | Table manipulation |
Distrib. in X¥ plane I Distrib. in ZX plane I Phase distrib. (Vy: ¥) I DetectoriAccept. I
Distrih. in Z¥ plane I Fhase distrib. (Vx: FPhase distrib. (¥z:
Clase I
Ne (column 0) By (colwmn 54) |Bz (column 55) IKI (column 56) |Ke ervor (cohumn 57) | ﬂ
1 0 0 227288 159 486
B o 0 225095 138939
3 0 0 220437 912791
4 o 0 2154.79 423784
5 0 0 234408 230588
6 o 0 256573 454.111
7 0 0 2360.1 248 696
8 o 0 227974 167 599
9 0 0 2379.16 26685
10 o 0 2418.7 305421
11 0 0 239686 283352
12 0 0 228001 166872
12 o 0 2281.76 168416
14 0 0 256456 453491
15 o 0 2254.11 140643
16 0 0 236182 248642
EI n n 2134 57 278171 v _Iv

Picture 33. Menu for Space and Phase Distribution.

Total number of ions:

Number of ions in acceptance:

Picture 34. Example Phase Distribution.

100%

0.0%

Save data
0K

Set up detector/ Acceptance

X (center): [100 X (uidih): [10 Vi (center): [10 Vax (widit: [0
¥ (centex): [100 ¥ width): [10 Vy (cemter): [10 Vo (widih): [10
Z (centex): 100 Z (widih): [10 Vz (center): [10 Vz (widih): [10

X

Load | Save | Apply | D.fileZX| D.fileZv | D.file. XV | Close |

Picture 35. Size parameters of Detector/Acceptance.
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Chapter 2.3. Histograms/Resolving power.

(event o death) and calculate resolution (resolving power). See picture 36.

This part of Virtual Device allows quickly create Histograms of ion exit parameters

_iax]
Open/Save SIMION data | Space and Phase distribution Histograms/Resolwing power |Tah1e manipulation |
Resolving power 1 | MUE V5 coneane | Ton mobhility |

TOF vs Energy of start | Resolving power2 | TOF to Miq | il
MNe (column 0) Event (colunm 1) TOF (colummn 2) |Mass (colunm 3) |c]|.arge (colummn 4) |x EEI
1 0 11809 1 15
2 1 0 11809 1 158
3 1 0 11809 1 158
4 1 0 118.09 1 158
5 1 0 118.09 1 158
6 1 0 118.09 1 158
7 1 0 118.09 1 158
8 1 0 11809 1 158
9 1 0 11809 1 158
10 1 0 11809 1 158
11 1 0 11809 1 158
12 1 0 118.09 1 158
13 1 0 118.09 1 158
14 1 0 118.09 1 158
15 1 0 118.09 1 158
16 1 0 11809 1 158
El_l 1 n 11809 1 Iﬂ’ =

Picture 36. Histogram/Resolving power window.

Histograms: This button run chart where user can build histogram of exit parameter (see picture

37).

13000004
120.0000f - -
110.0000% - -
100.0000F - -
a0 0000f - -
&0 .0000f - -
70.0000F - -

Intensity

60.0000] - -

50 0000
40,0000
30 0000
20 0000
10,0000

0.0000

x|

10.0000 20.0000

Time of flight (micro sec.)

Dakea tine: l“'l— I Marles usensity vs.... - Tntens.: 548027777200
¥ Histogram
Substr, time: [0  Normelyzed TOF: 36.0817240200
Recaleulate m Save data Close

Picture 37. Creation of histograms.

User can set up exit parameter from dropdown list ‘intensity vs....". As definition (as it show on
picture 36) Virtual Device calculate intensity of time of flight. Marks — this allows switching
on/off labels (grin numbers in blue rectangle). Histogram allows to switch between histograms
(red lines) and envelope curve of histogram (grin lines) (see picture 38).
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1300000
1200000
1100000
1000000
a0.0000
£0.0000
'E‘ 70.0000
E £0.0000
50,0000
40.0000
30,0000
20,0000
10.0000
00000} ooo e o P : T [ PP oo
10,0000 15.0000 20,0000 25,0000 30,0000
Time of flight (micro sec.)
Delta time: [01 RS e =l Inkens: . 9027777800
Substr. time: |ﬂ :: ;L:;:i:::d TOF: 36.0817240200
MI [ere] Save data | Close

Picture 38. Creation of envelop of histograms.

Button Normolyzed makes chart where intensity is in range [0; 1].

Button Recalculate: to refresh drawing after choosing new exit parameter just press this button.
Button ‘Save data’ allows saving chart as txt file with two columns (intensity and exit
parameter).

Button & | allows save picture in file (bmp format).

Button: Substr. (time, energy, X, Y, Z and so on) allows subtract delta value from appropriate
exit parameters. This feature can be useful for example for estimation of time of flight.

Button: Delta (time, energy, X, Y, Z and so on). This value specifies quality of histogram. With
this big value you will get a very rough histogram.

When user moves mouse over window, Virtual Device calculate position of mouse and show the
intensity and value of exit parameter at mouse position.

Button ‘Resolution (100%0)’ this button allows to calculate resolution of peaks in specter.

The way of calculation of resolution is described in chapter ‘Main parameters of mass-
spectrometers, Resolution in electron spectroscopy’. The calculation of resolution can be done
in following steps (see picture 39). 1. Load data from file. To do it press button ‘Load data’.
This data can be created by saving data in histogram window. 2. Set up type of interpolation.
User can set up linear or cubic interpolation. 3. In case of small number of points per peak user
can add additional points between points from file. To add points user has to set up number
points in ‘number points per division’. 4. Specify level of threshold. This parameter specified
level where resolution will be calculated. 5. To calculate resolution under above discussed
parameters just press button ‘Calculation’. The results of calculation presented in picture 40. The
red color in specter is approximation of specter (linear or cubic approximation). The black points
are points which inserted in specter between data points. Virtual Device finds all peaks, calculate
the width of peaks at threshold (left, right, center of peak), and calculate resolution of each peak
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according with formulaR = A;-IOO%. Calculated data presented in window Results. Button

allows save picture in file (bmp format).

Calculation of resolution (%) for electron spectroscopy x|

0.0000
X

Type interpelation: Number points per division: Thresheld
2 .
— 0 Caleulation| Loaddata | O

Picture 39. Window for calculation of resolution.

Calculation of resolution (%) for electron spectroscopy

Results

Paak 12

2643476 2963476 27.85976
‘width of peak 2.15

Resolutior: 11.3066300642934

3

Paak 12
2643476 2963476 27.85976
‘Width of paak 3.15

Resolution: 11.3066300642934

eal
30.20976 3025976 3020976
width of paak 0.0500000000000007
Resolution: 0.165503424762686

Peak 13

30.20976 3025976 3020576
"/idth of peak 0.0500000000000007
~ |Resolutior: 0.165503424768686

Peak 14
3030976 0 3043476
2 3 2 Sbo 5 5 2 5 g g 3 p Width of peak 30.30975
140 Resolutior: 93 5892854091835

S.0000 100000 120000 140000 168.0000 180000 200000 220000 240000 260000 230000 300000 320C
X

K| 2

Type interpolation: Number points per division: Threshold

Cubic -] '._J‘ 1 f‘"'ll.naddaml QKl
Picture 40. Results of calculation of resolution.

Resolving power. This option allows to calculate resolving power for mass specters
m, +m, Ax

(Formula:R = ). Here user has to specify approximation of both peaks, and

m,-m, d,+d,
masses which corresponds to peaks. Calculation of resolving power can be done in next steps. 1.
Load data from file. To do it just press button ‘Load data’. This data can be created by saving
data in histogram window. 2. Specification of type of interpolation (regression, see picture 42).
Type of interpolation (Normal distribution or Eckerly function). Here user cans chouse type of
interpolation for peak. The difference between Normal distribution and Eckerly function is just
constant. The parameters: Gradient tolerance, convergence tolerance, Max number of
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iteration, Optimization method — defines quality of approximation. It is necessary to notice
that optimization method strongly influence on results of approximation.

Calculation of resolving power x|

> 0.0000

0.0000
X
Interpalation Type | Caleulation| g0 0o First peak: Second pealc:
Load data | Close | F Mo R T
Mt B0 | M

Picture 41. Window for calculation of resolving power.

|
Gradient tolerance Type of interpolation

|15 o 08 MHarmnal Digtribution

Convergence tolerance Oiptimization method

1.00e-06 IDuasi-Newtun optirnization method [j

Max number of iterations

000 0K |

Picture 42. Window for specification of type of regression.

3. Set up threshold. This parameter defines the level where resolving power calculates. 4. Set up
peaks which will be used for calculation of resolving power. Minimum, Maximum defines left
and right wings of peak. Mass 1, 2 parameters defines masses which correspond to both peaks.
5. Calculation of resolving power. To calculate resolving power just press button ‘Calculation’.
The results of calculation are presented on picture 43. The red color is approximation of peaks.

The results of calculation are in window ‘Results’. Button allows save picture in file
(bmp format).
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Calculation of resolving power x|
Resuls X

First peak Al
Function: bOAB1*sqrt(23.134153]) * Exp(-0.5*5qr
bi: 112.562716309121
b1: 0.322677041313132
b2 7.29998450900873
one side: B.45757506762619
100.0000 { : : : second side: 813239395451 021
o midle 7.2999845112182
a0.0000 | : :
"""" T oo b Seeond eak
50.0000 | : : : Functlon bO/E1 sqrt[2 3.134153]) * Expl-0.5"5qr
| S ————— bcccceccocacoces Lo |bD: 120.75678223173
70,0000} | g g g b1: 0.455826570100562
S 1 A S S L |b2 11.7003229960773
E0.0000 . | ___________________ A 2 one side: 11
______ second side: 128265429712
soonooy | __________________________________________ midle: 11.9132714356
40,0000 | Resolwing power. 14.5347743306355
30,0000 § |
20,0000} | |
1t /1 11 A 11111 .
s || | |||||||| <| B
e ] 1] 1] 1
10.0000 15.0000 20,0000 250000 30,0000
b
Interpolation Type | Caleulation Thresheld: First peal: Second peak:

Load data' Close | lsi DMinimum: |4 Minimum: (11
Maximum: |10.5 Maximum: (135
| Mass 1: ISOO Mass 2: 600

Picture 43. Results of calculation of resolving power.

Example of results of resolving power calculation.

First peak

Function: y := B0O/B1 * Exp(-0.5*Sqr((X-B2)/B1))
b0: 44.959248464339

bl: 0.322677006022181

b2: 7.29998453731304

One side: 6.46757515636707
Second side: 8.13239391194106
Middle: 7.29998453415406

Second peak

Function: y := B0/B1 * Exp(-0.5*Sqr((X-B2)/B1))
b0: 48.232083486332

bl: 0.455826569442327

b2: 11.7003229921036

One side: 11

Second side: 12.8265429712

Middle: 11.9132714856

Resolving power: 14.5347748062745

Tof vs. Energy of start: This option allows creating chart with time of flight versus energy of
start. Example of such chart is presented on picture 44. Marks. This option allows switching

|
off/on marks. Button B | allows save picture in file (bmp format).
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Time of flight vs energy at start

Energy at start (ev)

rﬁ:ﬂ o Close
Picture 44. Chart of ion distribution: TOF versus energy of start.

200 400 B00 800 1000 1200 1400 1600 1800 2000 2200 2400 2600
mfg

Em

[~ Imversion

= Clase |

X (start event)
Y (start event)
Z (start event)
X (exit event)
Y (exit event)
Z (exit event)

Picture 45. Chart of m/z versus...

The Inversion allows change axes. For example see picture 46.
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[ERe]

¥ Inversion IW[ M

Picture 46. Chart of m/z versus... Inversion of axes.

TOF to m/z: this option allows transforms specter of time of flight (TOF) to ratio mass/charge
(see picture 47). Transformation can be done in following step. 1. Load data from file. This data
can be done by saving data in histogram window. 2. Set up parameters of transformation. This
transformation based on following relation between mass/charge ratio and
TOF:m/z =a-TOF + b. User has to specify two points in TOF specter and related points in m/z
terms. 3. Press button ‘Transformation data’ and Virtual Device calculate coefficient a and b
and make transformation of data (see picture 48).

Data transformation: time of Aight to m/g

Intensity

0.0000

T
0.0000

time of flight
Transform data o Time 1: (9.5 mig 1: IZZI.S a: 0
Load data| Close | Time 2: (13 mfy 2: I443 b: 0

Picture 47. Window of transformation of data in time to data in m/z.
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Data transformation: time of Aight to m/g x|

gsnoony
800000 {
7soomn]
7onoon
gsooon{
gonoon{
ssooon
sooomnd
asnoon
anpoon{
ssooond
sonon
et e /111 1 111 T T
200000
1500004
10000
soomn]
0.0000

Irtensity

500.0000 41 000.0000
mig

o | Tmel s w1 2215 - 2213000000000
Load data| Close | Time 2: (13 miy 2: |443 b: 3.2000000000
Picture 48. Result of transformation from TOF to m/q.

lon mobility: This option is discussed in ‘Simulation of ion movement in gas

and related problems’.

Chapter 2.4. Table manipulation.

This chapter covered discussion about manipulation of data in table (picture 49).

_iBix
Open/Save SIMION data | Space and Phase distrhution | Histograms/Resobwing power
|Max,Min,Avmge ofcuhmml | Transfurmt,oiunlistl | Cleartahlel

| Datatranst. | | Filter | [Export to Bxcel | Clase |

Mo (column 0) Event (colurmn 1) TOF (column 2) |Mass (column 3) |c]|.arge (column 4) |x E\ﬂ
1 0 11809 1 15

2 1 0 11809 1 158

3 1 0 11809 1 158

4 1 0 11809 1 158

5 1 0 11809 1 158

6 1 0 11809 1 158

7 1 0 11809 1 158

8 1 0 11809 1 158

9 1 0 11809 1 158
10 1 0 11809 1 158
11 1 0 11809 1 158
12 1 0 11809 1 158
13 1 0 11809 1 158
14 1 0 11809 1 158
15 1 0 11809 1 158
16 1 0 11809 1 158

EI_I 1 n 11809 1 li hd

Picture 49. Table manipulation window.



Max, Min, Average of column: To calculate maximum, minimum and average value of data in
column user has specify the number of column. Press this button and type number of column in

following window:
[Mas, Min, Averagenpd

Cohumn number:
Il
Close |

The results will be presented in next window (Results):

i

Open/Save SIMION data | Space and Phase distribution | Histograms/Resolwing power Table manipulation |

Max, Min, Average ufcoannI Transform to ion list I Clear table I

Data transf, | Filter I Egmmhcell Close |
Ne (column 0) Event (column 30) |TOF (column 31) |Mass (column 32) |c1mge (column 33) |x ;ﬂ
1 4096 720435 11609 1 12
2 4096 73358 11609 1 131
3 4096 747261 11809 [Rllresults X
4 4096 756946 11809 1 m"fa‘TL”; EoRs |
B 4096 716163 1809 1 2452.2;'3 e T—
ﬁ 1 [t ety o s
7 14096 7.12607 11809 1
[} 4096 728113 11809 1
9 4096 7.09784 11809 1
10 4096 7.03648 11809 1
1 4096 7.06688 11809 1
12 4096 727893 11609 1
13 4096 720472 11609 1
14 4096 6.79404 11609 1
15 4096 734652 11609 1
16 14096 7.12458 11809 1
II ANGAR TATA —I 118 NQ 1 < I I s ;

Window ‘Results’ gives following data (example):

Max value: 2721.89

Min value: 118.09

Max-min: 2603.8

Average: 1092.64713766396

Resolution (average/(max-min)): 0.419635585553408
Resolution (100%*average/(max-min)): 41.9635585553408%

This window also gives possibility allows quickly estimate resolution, which calculated from
different formulas.

Data transf.: This option allows changing the value in table. It can be done by following
operation: multiplication, division, addition, subtraction. To change data user has to fill out
following option:

Data transformation ﬁl

Operation 1
& Multiplication 2 V2

" Division |1 |1
" Addition
" Subtraction Fxecute

55



For example, you like to recalculate time of flight (column 31) from microsecond to second. 1.
chouse Multiplication, set up Column: 31, set up Value: 0.000001, Press Execute.

Filter. This option allows deleting data from table, which does not satisfied to some criteria.
Therefore it is some kind of data filtration. For example: Load data from file
“Agilent\Agilent7.txt’. To do it use Button ‘Load data’. This file contains data of 7 peaks,
which corresponds to different time of flight (different mass/charge ratio). Histograms of those
peaks are presented on picture 50.

10.0000)

0.0000]

Time of flight (micro sec. )
Delta tine: 01 ,': ;Mﬁarks sensity s +|  Tutems: -26.0555555600
v Histogram
Subste. time: [0 I Normolyzed TOF: 9.6811243120
)
Recalculate Save data Close
Picture 50.

Let us delete ions from table with mass/ charge ratio more then 1000 amu. Do to it press button
‘Filter.” and set up parameters as it show on picture 51.

X
Column nmomher: |3

Minimum: [0

Maximum: |1000]

ﬂKl

Picture 51. Filtration data window.

Now press OK, then run Histogram window and you will see following results (picture 52):
istograms X

) R e S e | 1 T S A I
-E' 80.0000f -
o el - ;
E 60.0000} - ---- - d t : oo ; d o
50.0000f - g P— i j i i 4
40,0000~ -1 B
300000} - <= -+ L EEHRHE =4 m e mm gk L L e bemm e e H H
T SRR L 14 B SEREREEE PECPRRPR-ERREERR |1} [T 1N 1Y SEREE SEPPPEPR SRR H FHqme ==
e - S - H , - L/
e A 11101 [
70000 50000 90000 100000 11.0000 120000 130000 14.0000 150000 160000 170000 180000 180000
Time of flight (micro sec.)
Delta time: |01 :: ﬁarks Insensiiy vs.... = Intens.: -15.6676223100
v stogram
Substr. time: [0 I Normolyzed TOF: 20.7036130700
o

Picture 52. Histograms after filtration.
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Compare specter on pictures 50 and 52 you can estimate the effect of filtration.

Tranform to ion list: This option allows transforming exit parameters of ions (death event) to
list of ion. This list of ions user can use as initial ion distribution in SIMION simulation.

Export to Excel: this option can be useful for those users who like to use Microsoft Excel
software for data analysis.

Chapter 3. Creation of ions list.

This part of Virtual Device allows creating the list of ions. This part is almost similar to the
corresponding part of SIMION except energy distribution.

Parameters: position of ions X, Y, Z, azimuth angle, elevation angle, masses, charge are
appropriate parameters of ions (see picture 53).

Energy distribution:

1. No type: You have to specify max, min and the step of energy. In that case you will
produce a number of ions n=(max-min)/step. Energy will be in range min to max.

2. Random value: You have to specify max, min (¢ _max, ¢ min). The program will
calculate linear function f=a*e+b, where b=e min, a=(e_max-e min)/1000. Then the
program will run a cycle from e min to e max, and energy of ions will be
E=a*random(1000)+b. Total number of ions will be 1000.

3. Gauss distribution. User has to specify A, sigma, EO, max, min, and step. In this case
max and min means maximum and minimum of Gauss wings in terms of energy (energy
axis). Value A means center of Gauss distribution, and sigm (o) — dispersion. As you
know, maximum of Gauss distribution is about 1. To get Gauss distribution on a higher
level Ey it is necessary to multiply Gauss by E,.

Program will run a cycle from min to max with step, ei — current energy in circle on
(ei-A)?

. e . Ee * . .
energy axis. Energy distribution will be E=—"""——. Number of ions is (max-
\2rno
min)/step.
B, Set up list of ions -0l x|
Position of ions: X axis—— | [ Energy distribution (ev)—— | Distribution of charge in units
Minimum  Maximum  Step Minimum  Maximum ~ Step Minimum  Maximuwm Step
50 fso [ [3 B 1 I I o
~Position of ions: ¥ axis Type of distribution Type of particle
. ) . " Random value  Protons
Minimum  Maximom Step " Gaussian distribution 7 Electrons
50 50 1 & No type
A 0 0.5 Eo: [100
rPosition of ions: Zads | & : I
Ainimom  Maximom Step rDistribution of masses in amu
ISO ISO Il Minimura  Maximum  Step - 4
§ 00000 ---m=nmmmmmmobe oo
D . 100 100 0 # 4
Distribution of azimuth angle (degrees) |
. . m {proton): 1 amu
Minimom  Maximom Step
m (electron): 0.000548579903 amu

o P o

0.0000
number of ion

Numher of ions:
rDistribution of elevation angle (degrees)

0
Mininom  Maximoum Step Calor of rajectaries: Save Foad
0 0 0 l—_l
I I (D=l b Generate JON file | Close |

Picture 53. Creation of list of ions in Virtual Device.

Save: this option stores current parameters in txt file. Load: this option loads parameters from
txt file to window ‘Set up list of ions’. Generation .ION file: this option generates list of ions
based on parameters and stores it to file in SIMION format.
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For example (Gauss distribution): Set up parameters as is shown on picture 54.

FErTTrEEE—— i
rPosition of ions: X axis | [ Energy distribution (e¥) | | Distribution of charge in units
Minimum  Maximom  Step Minimum  Maximem  Step Minimum  Maximom Step
Jso Js0 i [ s [0.01 [1 i o
—Position of jons: ¥ axis Type of distribution Type of particle
i . " Random value “ Protons
Minium ~ Maximum — Step & Gaussian distribution  Electrons
i
) o [ T¥o type
A I(] § |05 Ee: |100
rPosition of ions: Z axis I gg.gggg N
Mindmom — Mavimom Step r Distribution of massesinamu | asooo0 | 4
. . 40,0000 -+
Minimom  Maximum  Step > 35.0000
50 50 1 5
5 30,0000
- : 100 [100 o & 250000
 Distribution of azimuth angle {degrees) | 20,0000
. . m (proton): 1 amu 15.0000
Minimum  Maxinmm Step 1000004 - 2
m (electron): 0.000548579903 amu sooond LA NG
|0 |0 |0 : ; :
0.0000 S00.0000 1 000000
Number of ions: 1002 number of ion

rDistribution of elevation angle (degrees)

Miniraorme  Maodraum Step Color of trajectories: Save | Toad |
0 0 0 q 7
| | | 1-Red | Generate TON fila | | Close |

Picture 54. Generation of Gauss distribution.

1. Press button Generation .ION file and specify file where ions have to be stored (for example

‘gaus_ion.ion’). 2. Now you have to create an empty project (without electrodes), (see picture
55).

|ﬂa.n-::el| | OK I |I.lse Geometry Filel

[Max PA Size 1.020.000 Pts|

|Elec:t| |P1ana1-| |Hil“'l“'l]l"' "1'” a ” Z I
3] [ 100x]| |, 100y[ [ 100z

Picture 55. Creation of new project in SIMION.

4. Load list of ions from file ‘gaus_ion.ion’. You can do it by pressing button ‘Load .ION’
in Defines lons Individually. See picture 56.

Gancell |Positions & Angles Relative to Work Bench's Origin [N

¢ Define lons by Groups™ [ Define lons Individually™

|gaus_ion.ion | |Load .IONl S_auel |Create From Ion Groupsl
|Selected Ion Number 1< 10023 |Use Electron” Use Proton I

|Defau1t Ion”RestoPe Ion”Cut Ion”Copy Ion”Paste Ion”Swap UP”Swap DNI

Parameters of Selected Single Ion Definition
|Time of Birth 0.000000000e+00 usec |

|Ion's Masso 1.000000000e+02 amu |
|Ton's Charge +1.000000000e+00 Units |

|First x +5 . D00D0DD00e +01 mm |
|First y +5 . DD0DODD00e +01 mm |
|First = +5 . 000000000 +01 mm |
|Azimuth +0. DD0DDDDD00e +00 Deg |

|Elevation +0. DD0DDDDD00e +00 Deg |
|Ion's KEo 2.478876028e+00 eV | ICHF 1.000000000e +00 | [Color 1]

Time Markers |D1~aw| |Marker Steps 1.000e+00 usec.| [Color 1]

Data Recording |Recopd| |Define| |To DevsFile: my_ionstmp.d| |Eile Hanagevl

Picture 56. Load list of ions.
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4. Specify files where results of simulation have to be stored. Do not forget about format of
saving (see picture 31). Run ions. Since our ions will fly in an empty space, the initial energy
distribution will not change.

5. Load results of simulation into Virtual Device. To see the energy distribution it is necessary to
create a graph of energy versus number of ions. To do this, just point out mouse on the table and
twice press quickly left mouse button. You will see a window where user can make charts with
any column versus any column. Set up the number of the column for the bottom (column 29 —
number of ions) and the left axes (column 56 — exit energy), and press redraw. You will see the
following Gauss distribution (see picture 57).

T T T T T T T T T T T T T T T T T T T T
50 100 150 200 250 300 350 400 450 500 S50 B00 650 VOO SO 800 850 900 950 1000

X axis
Left Axis: Bottom Axis :
Number of coluan: |56 Numbher of coluran: (29
Title: IY S Title: IX s
Redraw | Save picture | I~ Marks

Picture 57. Results of simulation of Gauss energy distribution.

Chapter 4. Creation of special lon distribution disk.

This part of Virtual Device allows creating ion distribution which presents itself as
crossing of many lines (see 58).

Special distribution: disk ] 3]
rDistribution of ions: The Disk.

Center of Disk  Particle

Inone 'l
X @ Mass (amm): |1 li
Y: [50 Charge (elem. u): |1 IE I—i
Z: |50 Energy (ev): |1

rMaking many disks——

0.0000

Y axis

Step: Il
Radius of disk: rSymmetry of the beam Dxnnnn
axls
10 ] & XY plane rDirection of the heam

* positive axis

Number of jons:

Radial step:  XZ plane

" negative axis
1
© YZplane Save data
Angle (step, degree):

|—90 Color of trajectaries: Loaddata |
lm Generate JON File 00000 —

Picture 58. Parameters of disk.
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X, Y, Z — those parameters define center of the disk. Radius of disk: defines radius of disk.
Radial step: defines step along radius. Angle (step, degree): this parameter defines the number
of lines that can be drawn. For example, 90 means that lines will rotate with step 90 degree,
therefore total number of lines in disk will be 4. Mass, charge, Energy: parameters which
define type of ions. Symmetry of the beam: this parameter defines directions of beam. Actually
it is setting up azimuth and elevation angles. Color of trajectories: this parameter defines color
of trajectories in SIMION. Direction of the beam: this parameter defines direction of axis along
which ions will fly.

Save data: this button allows saving current parameters into txt file.

Load data: this button allows loading parameters from txt file to window.

Generate .ION File: this button generates list of ion based on current parameters in window.

Making many disks: this parameter allows creating many disks where one of parameters is
changing from disk to disk. Max, Min, Step: those parameters define the number of disks that
will be created and which parameter will be changing from disk to disk.

Example 1. Set up the following parameters and press Generate .ION File. Virtual Device will
generate a distribution which presents itself as a series of crosses where ion mass varies from 1
to 500 with a step 100 amu.

Special distribution: disk
rDistribution of ions: The Disk. G ee——————r |

Center of Disk Particle rMaking many disks

l— li IM““—LI emmmll,
- Mass ek [ Max: lli 50.0000 m .............. .
R [ED Charge (elem. u): |1 o | o
=R A Step: lr RO . S

40,0000 50,0000 B0.000C

55.0000

50.0000

iz
Y &

45.0000

40.0000

50,0000

Radius of disk:  Symmetry of the beam
S Prrt e Tl X axis Zais
" ] on o —
[10 © XY plane frection ot T
1+ positive axis Number of ions:
Radial step: " X7 plane ' negative axis ’ ssaoon o F
|1 Fsogooo | 44
© YZplane Save data =
Angle (step, deares) 45,0000 -
T — Cular of wajectari Loaddata | P S
— p—
0 - Black e EBai ad I iz OK

Picture 59. Ion distribution — cross.

Example 2. Set up parameter Angle (step, degree): 10 and press Generate .ION File. Virtual
Device will generate the following distribution as disk (see picture 60). This distribution is 5
disks where the first disk is ions with mass 1 amu, the last disk is ions with mass 500 amu.

Special distribution: disk ol x|
rDistribution of ions: The Disk.

Center of Disk  Particle Im 55.0000
X l.’s(l— Mass (amu): |1 Max: lr 50,0000
¥: ISU— Charge (elem. u): |1 i lli 45,0000

£ |50 Energy (ev): [1 Step: lr SRR L sopo b

Radius of disk: ~Symmetry of the beam 400000 SOO000  6O.00OC 50 0000

£0.0000 - B00000

[ Making many disks |

ssoo000 ¢ f

sgo000 -

¥ axis
¥axis

4sooon )

P ¥ axis 7 axis
o Direction of e beam
10 * XY plane Lo ot T
' positive axis NMumber of ions:
Radial step:  XZ plane © nesative axis ST 1] PP | S
I ¢ g 1980
1 Ssooooo oo f
£ YZplane Save data =
Angle (step, degree): | 450000 - fe
lmi Color of tr: Load data q00o00 b B
T e
i Generate .TON File | i 0K

Picture 60. Ion distribution — disk.

Picture inside the window shows ion distribution as it looks in SIMION.
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This kind of distribution can be very useful in ion optics investigation where user would like to
investigate how first image transforms to second image. If ions distribution during the
transformation in ion optics does not change, then this ion optics is ideal.

Chapter 5. Creation of special ion distribution - conical distribution.

This part of Virtual Device allows creating ion distribution which presents itself as
conical distribution (see picture 61). Ions start from a point source and fly under two angles
according to axis.

Special distribution: conical distribution 1Ol =l
~Distribution of ions: The conical distribution.
) fthe b
Center of distribution Particle e s
" along 7 axis

& .
¥: IU Charge (elem. u): Il along X axis
Z IU Energy (ev): |1 ~Direction of the bea.m—‘

& positive axis
Az, angle (degree): Elev. angle (degree):

e —

Az, angle step (degree): EL angle step (degree):

|
T |17 Loaddata |
|

Color of trajectories: Mumber of ions: Generate JON File
| -l 0 0K _|

Picture 61. Parameters of conical distribution.

" negative axis

Save data

X, Y, Z — these parameters define position of the point source in space. Az. Angle (degree), El
angle (degree) define divergence of azimuth and elevation angles. Az. Angle step (degree), El
angle step (degree) define steps of changing of azimuth and elevation angles. Mass (amu),
Charge (elem. u), Energy (ev): these parameters define type of ions. Symmetry of beam,
Direction of beam define direction of ions in space. Save data, Load data allow storing
(loading) current parameters in txt file (from txt file). Generate .ION file: this option generates
list of ions based on parameters in window. Number of ion: it just shows how many ions were
stored in file .ION.
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Example: 1. Set up parameters as is shown on picture 62. 2. Create an empty project in
SIMION. 3. Load ions to SIMION and run ions. You will see the following picture (see picture
63).

Special distribution: conical distribution _ Ol x|
rDistribution of ions: The conical distribution.
) f the h
Center of distribution Particle TG W e

" along Z axis
X: |2 Mass (amu): |1
& .
¥: IO Charge (elem. u): |1 along X axs
Z: IO Eneray (ev)h: |1 rDirection of the beam—‘

¥ positive axis
Az, angle (degree): Elev. angle (degree):

Az, angle step (degree): El angle step (degree):

Ili Il— Load data

" negative axis

Save data

Color of trajectories: Number of ions:
|0 - Black - 121
Picture 62.

Picture 63.

It is necessary to note that creation of ions along Y axis is complicated due to an internal
problem of SIMION v.7 This problem was resolved in version 8.

Chapter 6. Main parameters of mass-spectrometers / energy analyzers.

Let us discuss briefly the main mass-spectrometers’ parameters relevant to different ways
of ion separation.

Dispersion. This parameter defines how mass-spectrometer can effectively separate ions
according to mass/charge ratio. Suppose we have mass specter which was got by scanning a
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parameter ®. For example, parameter o can be magnetic field or accelerating voltage. The
increment of ® as function of mass can be presented as the following series (we suppose charge

=1):

2
Am=x1m+xz[mj .o
m m

where A, 1s often called ‘dispersion” when A is a distance between two peaks (m and Am) [2].

. . : A
If we take the first term of the series then dispersion can be expressed as follows:D = m %

Am’
where Axis distance between two peaks. It is necessary to note that some scientists regard
dispersion as Ax only. From our point of view is not a good definition because Ax becomes

. Am .- . . Am . . .
function of —, therefore it is necessary to specify ratio —— each time when dispersion is
m m

discussed. Our definition is more convenient because the value of dispersion depends only on
geometrical and physical parameters of mass-spectrometers.

Resolution (resolving power) in mass spectrometry. It is supposed that ion with mass
m corresponds to position X and (m+Am ) corresponds to (x+Ax ). Ax can be expressed in terms

of dispersion: Ax =D Am . We can resolve two peaks if Ax >d, where d is width of peak at base
m

of peak (we suppose that both peaks are equal). Therefore resolution of the mass-spectrometer
can be expressed in the following way:

R = mAAXd Actually assumption about equality of peaks is not true. Therefore we have to
m .

take into account the difference in width of peaks. Resolution in this case can be expressed as

follows: R = 1 tm, AX

, where m,,m, - masses of ions which correspond to two peaks,
m,-m, d +d,

d,,d,- the widths of peaks at base [2]. Resolution is often defined at level 50% or 10% of
intensity of peak. Therefore d,,d, are widths of peaks at those levels (see picture 39).

15.0000 15.0000 17.0000 18.0000 19,0000 20,0000

Picture 39.

Resolution in electron spectroscopy. The definition of resolution in electron spectroscopy is
slightly different from definition in mass spectrometry. Resolution can be expressed as follows
(in percent):R = A}f&OO% , where AE is width of peak at level 50% of intensity of peak, E is
energy of peak (center of peak) [3,4]. But in principle it is possible to use other threshold (level).

It is necessary to note that in electron spectroscopy resolution (R = Alf~100%) is used, but in

mass spectrometry resolving power is used (R = A£ ).
m
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Terminology

1. Geometrical object — It is single electrode with certain number geometrical parameters, which
completely define size of electrode and its’ position in space.

2. Project - Project presences itself a combination of geometrical objects inside of 3D volume.

3. Mobile point — When user set up geometrical object it is necessary to set up position of center
of geometrical object. This position can be settled relatively to crossing of axis (x=0, y=0, z=0)
relatively to some point (X, y, z). This point has name mobile point.
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