1. Molflow cheatsheet

TE-VSC-SCC training

Using Molflow for sputtering simulations

07.10.2020

¥ Molflow+ 2.6.40 64-bit (Feb 23 2017) [extractor.zip]
File Selection Tools Facet Verex View Test Time

Front || Top || Side |[0rtho. (=)

Camera tools
You can return
to the default
Front/ Top/
Side view here

Mouse controls:

Selection: left button
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Facet parameters

For the selected facets, you canset

here:

+ Qutgassing: how many particles
the facet is emitting

+ Sticking: the pumping of the facet

+ Opacity: how transparent the
facetis

* Profile and textures: some of
these are available in the
expanding dialog when clicking on
<<Adv
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< Sim || Resume | Fesst |
v Auto updete scene | Lpdale |
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Simulation control
Start, stop and reset the simulation
here
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Facet list

You can select facets from here, and
also check the number of Monte Carlo
hits on each of them, which can serve
as a diagnostic tool

Selectortools
You can
choose
between
vertex and
facet selection,
and also access
the autoscale
button

Formulas
You can define

mathematical expressions
that are evaluated here.

You can refer to the

pressure, number of hits,

etc. of facets, and also

global parameters like the

£a5 mass.

Rectangle selection: hold left button

Add/Remove from selection: hold SHIFT to add, CTRL to remove

Rotation: right button (slow rotation: hold SHIFT)

Pan: hold middle button

Zoom: mouse wheel (slow / fast zoom: hold SHIFT / CTRL)
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2. Guided work: Sputtering in an ellipse-shaped chamber

e  We'll use Molflow’s built-in tools to draw ellipse chambers
o We'll add cathodes
e We'll sputter and see which configuration is the best

a) Clear the field

You can start a new geometry from scratch with the File/New command:

& Molflow+ 2.8.3 (Sep 21 2020 []

File Selection Tools Facet Verex ‘iew Test Time About

=

Load recent 4

Insert geometry 3

Save Ctrl+5
Save as

e

Export zelected facets

Export zelected profiles

Export selected textures 4
Import desorption from S7M file

Exit

You can turn on the “Rules” view option (upper right) to display the coordinate system:

=] 3D Viewer settings

v FRules [ Momals [ 0%

[ Lines [ leaks [ Hits

[ Wolume [~ Testure [ FacetlDs
[ covigw | [ Indices [ VertesDs

b) Draw an ellipse

We'll first create the end cap of our chamber.

Select Facet/Create shape:

& Molflow+ 2.8.3 (Sep 21 2020) []
File Selection Tools | Facet Yerex “iew Test Time About

Delete Ctrl+Del
Swap nommal Chil+H
Shift indices Cirl+H
Facet coordinates ...

Move ..

Scale ..

bdirror # Project ..

Ratate ..

Align to ..

Extrude ..

Split ...

Create two faoets' . [! »

Transition between 2
Build intersection...

Collapse ..

Explade

Revert fipped normals (old geometries)
Tiiangulate

Corwvert to autgassing map..

Then we’ll draw an ellipse with the following parameters (see image below):

Type: circle/ellipse
Center: 0,0,0 (default) Axis1 direction : 1,0,0 (default) Normal direction : 0,0,1 (default)
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Axis 1 length : 2 cm Axis 2 length : 1 cm
Steps inarc: 100

[ Square / Rectangle [+ Circle / Ellpse [ Racetrack.

r Position
Center: i [U S [U z IU | Facet canter | | ertex ‘
Lois1 direction i 1 v [0 z [0 | FacetU | |Center to vertes |
Hormal direction: b3 [U ‘it [U z |1 | Facet M | |Center to vertex‘
r Size

sl length: |4 om Racetrack top length: I em | Full ciicle sides |
fwis2 length: |1 cm I Steps in arc: 00

| Create facet ‘

c) Extrude to a chamber

Choose Facet/Extrude:

@ Molflows 283 (Sep 21 2020) []

File Selection Tool: | Facet Vertex View Test Time About

Delete Chrl+Del
4’ Swap nomal Chil+M
Shift indices Ctrl+H
Facet coordinates .
Mave ..
Scale .
befirror # Project ..
Rotate ...
Align to

“u
-
&

Spli

Create shape...
Create hwo facets' .
Tranzition between 2
Build intersection...

Collapze

Explode

Fevert fipped normals [old geometries)
Triangulate

Corrvert to outgassing map..

Then extrude 10cm towards the facet’s normal:



Extrude Facet HE
 Towards / ingt k- emal

[+ Towards normal [ Against nommal

extrusion length: 1E1 o

r Along straight path

[ Direction wectar:

d¥: I oo dv I om A I cm

| Get Base Wertex | | Get Dir. Wertes |

And the chamber is ready.

d) Add the cathode

Our cathode will be represented by a long, thin rectangle.

There are several ways to create such a long, narrow facet, we could use the “create shape” again. We'll create the
shape by coordinates.

Select Vertex/Add new...

0} ]

Vertex  Miew Test Time About

Create Facet from Selected 3
Clear izolated

Remove selectad

Werter coordinates..

Powve..

Scale..

bdirror # Praject ...

Rotate...

Select all verte:
Unzselect all vertex

Select coplanar vertex [visible on screen)
Select isolated verten

7

Type -.05 (units are cm) to the X coordinate and click “Add vertex”:

Add new vertex BEE R

% |05 ¥: [o Z: o

| Facet center || Facet i || Facet ¥ || Facet N |

| Add vertex



Repeat the same with -.05:

| Add new verte BHE -

# |- v [0 z [0

o e ot ot

| Facet center || Facet i | | Facet ¥ || Facet M |

| Add wertex |

Choose Vertex/Mirror-Project:

b Wertew  Wiew Test Time About

Create Facet from Selected 3
Clear izolated

Femove selected

Werter coordinates...

Move...

Scale...

Rotate... E\!

Add new..

Select all vertex

Unzelect all wertex

Select coplanar vertex [visible on screen)
Select izolated wertex

Select the opposite end cap and in the dialog choose “Plane of selected facet”:



ect selected ve

r Plane definiton mode
[ ¥ plane

[ %Z plane
[ ¥Z plane

[+ Plane of selected facet

[ Plane equation: | <-Get from 3 sel. vertex |
ID R T A (VI ~ |D =0

I Mirror vertes l I Copy mirror verkes l

I Project wertes l IEDD_',I prgj\ect verte:-:l [ Undo projechion ]

Then click Copy project vertex. That will make a copy of the two vertices to the opposite cap:

Now we are ready to create the cathode from the four corners.

Choose Vertex / Create facet from selected / Convex Hull:

b Wertex  Wiew  Test  Time About

Clear izolated K.eep selection teder

Remove selected

WVertex coordinates..
towve..

Scale..

birror # Project ...
Rotate...

Add new...

Select all vertex
Unzelect all vertex

Select coplanar vertes [visible on screen)

Select isolated vertex

This will create the actual cathode facet:



(TAB-click anywhere to deselect the yellow vertices)

It is recommended that you save the file now.
e) Setting up the simulation
For any Molflow simulation, we need a gas source and a sink (usually a pump). We will set them up now.

With the cathode facet selected, give it a “uniform” outgassing on the right side.
Uniform refers to the directional distribution -> we will have the same sputtering flux in every direction around the
cathode.

Also, set the facet to 2-sided, so it sends particles both upwards and downwards:

—=| Selected Facet [H8587)
Particles in

%asurptinn [Uniform =/ |
Outgassing (mbarlfsl |1

[ Dutglarealmbardsdemel| 0.00658;

Sides: [P Sided =
1 Sided

Opacity:

Temperature (KL [29315

Now you must select the side walls and set them sticking.

The easiest way to select side walls is to select the cathode (if not already selected), then invert the selection
(Selection / Invert or CTRL+l):



Molflow+ 2.8.3 (Sep 21 2020) [

Selection Tools Facet Vertex View Test
Smart Select facets.. Al+5

Select Al Facets Clrl+d,
Select by Facet Mumber.. Alt+b
Select Sticking

Select Tranzparent

Select 2 sided

Select Texture

Select by Texture type...

Select Profile

Select &bs » 0

Select Hit > 0

Select large with no hits...
Select by facet result..

Select link facets

Select teleport facets
Select non planar facets
Select non gsimple facets
Invert selection
Memarize zelection fc
Select memornized

Clear memorized

Select Desorption
Select Outgassing Map
Select Reflective
Select volatile facets

Now, with the walls selected, set the sticking factor to 1 (100% absorption probability):

Particles out

Sticking factor: | 1

Pumping Speed [1/z): IEDE_EES!

f) Launch the simulation

That’s it! Click the Begin button to start simulating:

=] Simulation

|<< Simn || Begin || Hezet |

[+ Auto update scene | Lpdate |

Your simulation is now running.

If you click the Front view (lower left) and turn on “Line” display, you can see the particle trajectories:

=1 3D Viewer settings

[ Fules [ Momals [ 0%

[+ Lines [ Leaks [ Hits

[ Wolume [ Testure [ FacetDs

(Front) [ Top || Side |[Ortho. [z %=n3mmias, v=-13a832 || lssMiew | [ ndices [ VetedDs

\ Wil :

Note: if your particles are only flying in one direction (left), you have to set the desorbing cathode to 2-sided (right).



g) Post-processing: Setting up textures

Our goal is to set up color maps that show us the sputtering thickness. In Molflow, it is achieved through measuring

the impingement rate (particle flux).

First, select the wall facets, including the end caps. (For example, by selecting the cathode and inverting selection),
then open the Advanced facet parameters panel (<<Adv button):

r Texture properties
[+ Enahle texture [+ Lze square cells | Farce 1amesh |
Resaluhian: [‘Iq cellsdcm [D,‘I cmdcel
MHumber of cells: I_ H I_
[ Count desorption [ Count reflection
[+ Count absorption [ Count transparent pass
[ Angular coefficient [ Pecaord direction vectars

r Texture cell / memory

Memory: | 123MB Cells; [ 10440

r Additional parameters

Reflection: |1 part diffuse, [0 part specular,
0 part cosine”™ |0

Accomodation coefficient: [1

Teleport to facet: [D

Structure: |1 Lirk. to: |no
[ Moving part

[ wiall zojourm time | Info |

Attempt freg: I1B+13 Hz Binding E; /100 Jmole

r Yiew settings

[+ Draw Testure [+ Draw Yolume | - Change draw |

|—|EI Dynamic: d ption |

|—|EI Incident angle distributi

Since we are recording textures on sticking walls, we must choose the count absorption option.

[ “alume
| <4 Wiew

=] Select
r Particle
Dezorptior

[+ Outgas
™ Oukgle

r Particle
Sticking F

Pumping

Sidex:
Opacity:
Temperatu
Sumn Area
Prafile:
i)
|—|EI Shortc
=) Simula
s
[+ Auto up
Hits  [15:
Diers. IE

Leaks IE

The texture resolution should be 10 cells/cm (see above). Click apply on the right side to mesh the facets. Then,

launching the simulation again, you will see the first colors:

Finally, to show the impingement rate, open Tools/Texture scaling and set the textures to Impingement Rate display:



Tools  Facet  Vertex View Test Tim
V% Formula editor alt+F

Texture Flotter . Al+T
Prafile Plotter ... Ale+P
Hiztogram Plotter..

Particle logger...
45 Global Sethingz ..

Take zcreenshot Chl+A

Mowing parts...

Texture Scaling ==
r Texture Range Current

Min |0 [+ Autozcale [v Use colors _

Mir:  1851E+21
Max |1 [+ Include congtamt flow [ Logarithmic scale
| Set to curent | | Apply | Swap |2D4KB W 3E3EE-22

r Gradient

218715e+2

Be+21 le+22 18e+22 2e+22 2Be+22 3e+22 3Be+d2

Shiaw: llmpingement rate [1fsec/mé x|

The Volume view option, combined with Texture, shows the clearest image:

—=] 3D Yiewer zettings

[ Rules [ Momals [ O3

[ Lines [ Leaks [ Hits

[v Yolume [« Texture [ FacetiDs
coView | [ Indices [ VertexiDs

h) Post-processing: plotting thickness profile

While color codes are useful for qualitative analysis, plotting the profile along the wall allows to compare different
configurations.

We will simply select all wall facets and export the hit count.

Use Selection / Smart Select:
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Selection  Tools  Facet  “ertex  Miew  Test

1

: Smart Select facets...

i Select All Facets Chrl+4,

H Calart kit Faratl Mirmbkar Alkkl |

Click analyze — it will check which facet is the neighbor of others (only to do once):

Smart selection HEEBR

Analyze |
Maz. plane diff. between neighbars [degl |20

Analyzed 104 facets.

[+ Enable smart selection

Then with this window open, you can select the wall of the ellipse with one click (you should have 101 facets
selected):

‘ |—;I Selected Facet [101 selected] —|

Parbiclac in

Click facet Details button:

<< iy | Detailz.. || Coord. || Apply |

izl Shortcuts I

Scroll to the Impingement rate column and right-click it, select Copy:

Facets details _af =

- R E L I 8 woon

rity Prafile Immping.rate - . =] Preszure [mbar] Yv.mol.zpe
100 MNone A5ETIEe+2 Lopy column Imping.rate 0000746045 469,
100 MNone 3h4166e+21 10457e+19 487393e-07 000073548 4691
100 Mone 2A0994e+21 1.0533e+19 4. 91584 2e-07 000071694 46491
100 MNone J4ET19e+21 106342e+19 | 496261=-07 0.000591144 469,
100 MNone 34207 1e+21 108039e+19 5.04187e-07 | 0000665064 468
100 MNohe 337923e+21 | 1098R4e+19 | B126R3e-07 | 0000838569 4691
100 MNohe 3.3518e+21 112219e+19 | 525687e-07 | 0000615622 4R3.
100 MNone 31.3453e+21 115103e+19 h.37149e-07 | 0000598457 4641
100 MNone 3.35754e+21 118388e+13 | BE2478e-07 0000537073 4E3.
100 MNone 3.38948e+21 | 122028e+19 | 5E3463e-07 | 0000581087 463,
100 Mone 345992+ 126588:+19 | 5A0744e=-07 0000524657 46491
100 MNone 355317 e+ 13146=+19 6134807 00005951 4591

wininl kl_._ o 0 T o e PP e | i M o o T P T | T ANAAT_ N7 Lo T T T =i T .| AN

4 2

=l Show column
[+ Sticking [+ Opacity [+ Shructure [+ Link [+ Dezorption [+ Reflection
[+ 2 Sided [« Wertex nb [+ Area [+ Temperature [+ 20 Box [+ Texture L0
[+ Mesh zample.+ Count mode [+ Memory [+ Planarity [+ Profile [+ Imnping.rate
[+ Densit[1/m3] [+ Density(kalm:+ Pressune [+ Maolspeed [+ MC Hits [+ Equivhits
[+ Desz. [+ Equivibs.

Check &l | Uncheck &l | Update Dizrnizs L

Paste the copied column in an empty Excel sheet, select the pasted Hit column and plot it by Insert/Line plot:
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This is your baseline, single-cathode thickness profile, which will be compared with optimized configuration.

In the next steps we will optimize the cathode configuration to compare results.

i) Optimizing configuration

We can simulate several configurations at the same time, so one way to optimize the cathode configuration is to
make copies of the geometry to be coated, and run the simulation with different setups, at the same time:

12
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In this exercise, we’ll try 3 different cathode setups, and compare the thickness.

Select all facets to make a copy:

Malflow+ 2.8.3 (Sep 21 2020) [one_ellipse_solved.

Selection  Toolz Facet Wertex  Wiew  Test

Smart Select facets. Alt+5

Select by Facet Murnber... AN (1
Select Sticking

Select Facet / Move:

| Facet Vertex View Tezt Time About

| |
J Dol Chl+Del =
4

Swap normal Chrl+M

& urrent -
=<4 Shift indices Chil+H

~ % Facet coordinates .. dine 00
t_ Scale . daw: 100
= Mirror # Project ...

| Fiotate .. I
- &linn ba

Move the facets to the right, then to the left by +5 and -5 cm X offsets, clicking Copy facets:

Move facet B =R

[+ Abzalute offzet [ Direction and distance

d® [5 cn
dr’ [D (=1}
ds [D [=2h1]

r In direction

Distance: I cm

| Facet normal |

Bazse ——— Direction
Chooze base first

|Selected Yertes | |Selected ertey |

| Facet center | | Facet center |

| ove facets | i opy iiiiﬁ i

Between the two copies, you’ll have to select the middle structure again (as copy source):
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After the copy, the target is selected by default, so in case of error, you can delete it (CTRL+DEL).

Now you can select the cathodes on the left and right, and using the Move / Copy commands, you can achieve
custom configurations (up to you):

Example cathode configuration with +0.2 and -0.2cm offsets from center position.
Important: set the outgassing to be the same in total for all configuration, so that results are comparable.

For example, a 2-cathode configuration should outgas 0.5mbar*|/s each, so the total outgassing is 2*¥0.5=1,
comparable with the original single-cathode setup:

—i=l Selected Facet [2 selected] —
Particles in

Desorption | Unifarm -

(¥ Outgassing [mbari/sl: | 4

[ Outgarealmbars erel| 0125

Add textures to the copied structures (textures are not copied for performance reasons):
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| Lmes 1 Leaks | rms n

Advanced facet parameters [ Wolume [+ Texture [ FacetiDs

- Texture | <cMiew | [ Indices [ VertesDs

% Ensble teture % Use squars calls | Forcs remesh |

=) Selected Facet (102 selected)

Resolution: [10 cellsfem (01 em/eel | | e in
Nurnber of calls: " Desorption | Kone =l
[ Count desorption [ Count reflection [+ Outgassing [mbarls):
[+ Court absorption [~ Court kiansparert pass ™ Outfarealmbertisiontt{

[ Angular coefficient [ Record direction vectors

r Paiticles out

’, Texture cell # memory ———————————————————— Sticking factor h

Memory: [244ME Cels (20880 Pumping Speed sl [T

ﬁ part diffuse, [Ui part specular, sides m‘
(. part casing”™ [0 Opaity: g

Accomodation coefficient: ﬁ Temperature (K] 29375

Telepart to Facet, o Sum Area (o] lm
Structure: [1 Lirk to: (o Pofle:  [None [z
[ Maving part - (st [Dotai] oo Agied]

| Infa | — -
— r«:\ Shullculxi‘ ¢

Reflection:

[ Wall sojoumn time
Attempt freq: | 18+13 Hz  Binding E: /100 Jémale

s

(View settings | «¢5im || Resume || FReset |

% Draw Testurs [ Drsw Volume | <- Changs draw | |

¥ Auto update scene | Lpdate |

’—E\ Dynamic d

Hits (5080 Mhit (6.1 bhités)

Des.  |50.80 Mdes (5.1 Mdes/s)
I raks [hane 2

’—E\ Incident angle di

Launch the simulation to compare, and extract the plots to finish, repeating the column copy steps:

O O Q
Thickness profiles

_|_
B.00E+21 /
NV

7.00E+21

6.00E+21

5.00E+21
O 4.00E+21

3.00E+21

2 00E+21
1.00E+21

0.00E+00

—Cprjes]  m—eriesd Series3

O O Q
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3. Individual work
In this second exercise you'll work with a real-life geometry, which is harder because facets are randomly oriented.

a) Input files
You’ll have the...

e CAD model (rfcavity.stl)
e The Excel sheet for post-processing (impingement_template.xlsx)

b) Exercise

You have to build a simulation to show thickness along the RF cavity, from a cathode in the center.

Once you solve the uniform case, you’ll optimize the sputtering to achieve a more uniform thickness by a “moving
cathode” sputtering: you'll desorb different gas quantities along the length — trying to achieve a more uniform
thickness.

analytical head

[———robot arm

————cavity

gate valve

bellows

~+—— Z translation device

il

Fig.1 (|

Moving sputtering/diagnostics instrument.
Source: http://cds.cern.ch/record/256049/
(“An instrument for internal surface analysis of LEP 200 superconducting radiofrequency cavities”)

Average impingement rate (1/sec/m2)

6E+19
SE+19
AE+19
3E+19

2E+19

" ML LA LN

-40 -20 0 20 40 60 80 100 120 140

Z position [cm]

Possible solution with original (blue) and optimized (orange) thickness.
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c) Steps

One way to solve the exercise is by the following steps, like the previous case:

©RNOUAEWN R

Import geometry by opening STL file and collapsing

Create cathode facet

Add outgassing to cathode

Add sticking to walls

Launch the simulation for a quick test
Add textures to walls

Export textures and paste them in Excel template to plot thickness profile
Make a copy of the geometry (second, optimized version)

Break up the cathode to smaller parts

10 Vary outgassing on smaller parts to achieve more uniform thickness
11. Compare two (uniform vs non-uniform) thickness profiles

d) Hints /instructions for each step

1. Opening and collapsing file
When you open rfcavity.stl, Molflow will ask the units of the file: they are centimeters:

Choose STL file units: B

| Millirmeters | W | heters | | Ihches

Feet |

| Cancel |

A “Collapse” window pops up, leave the default values and click Collapse (to merge triangles into facets):

Collapze Settings EERBR
[+ Yertices clozer than [cml: 1E-5

[+ Facetz more coplanar thar: E-5
[+ Sides more collnear than [degress 1£-3

 Optimization results

Selected: 0
Wertew: 30783
Facet: 10261

i ollapse i Callapze Selected I_I Dizrmizs |

S L AR N

triangulated vs collapsed geometry, main differences on the sides

2. Creating cathode
There is an easy and an “elegant” way to create the long, rectangular cathode facet.

17



Easy way by manually entering the coordinates: Choose Vertex/Add New, and create four vertices at these XYZ
coordinates:

e 0250, 121.9
e -0.250,121.9
e 0.25,0,30
e -0.25,0,30

Then select Vertex / Create Facet from Selected / Convex Hull to create the rectangle

Elegant way: you don’t need to know the end cap coordinates, since Molflow can automatically project the vertices
on the facets.

Create two vertices at (0.25,0,0) and (-0.25,0,0).

Use the Vertex / Mirror-Project command to project these vertices to the end caps (with the plane of selected facet
option):

Mirror/Project selected vertices B =B

r Plane definiton mode
[ ¥ plane

[ %Z plane

[ ¥Z plane

[+ Plane of selected facet

[ Plane equation: |m|

[0 =+f0 w+f0 Z+[o =0

| tirror wertes | | Copy mirror wertex |

| Project wertex | |Eo|:|_l,J project vertex | | Undao projection

3. Add outgassing to cathode
Set it to two-sided, and add an arbitrary value of “Uniform” outgassing

4. Add sticking to walls
To select walls, either select the cathode and invert selection, or use Selection / Smart select and click on the wall.
Don’t forget the end caps. Set sticking to 1.

5. Launch simulation
Just click the Begin button on the right. Turn on “Lines” and “Leaks” display, you should have lines but no leaks:

6. Add textures to walls
Select the walls (as in point 4), open the advanced parameters panel (<<Adv) button on right, use the “Count
absorption” option with 1cm/cell resolution and click Apply.

7. Export textures to Excel and plot them
Select textures (Selection / Select Textured), the choose File/Export selected textures/By X,Y,Z
coordinates/Impingement rate

18



@ Molflows 2.8.3 (Sep 21 2020) [rFcavity.stl]

File Selection Tools Facet ‘Vertex View Test Time About

Mew, empty geometry

= Load Chrl+0
Load recent 3
Insert geometry 3
= Save Cirl+5
= Save as

Export selected facets
Export selected profiles

Facet by facet

Irmpart desorption frarm SYM file
Exit

Cell Area (o]
1 of MC Hitz

Impingerment r:
Particle density (147
Gaz denzity [ka ]
Pressure [mbarl

Avg, Velocity [mds]
‘Welocity vector [mds]
# of velocity wectars

Save it to a text file (for example export.txt), open the file, select all the data in it and copy to clipboard.

Then open impingement_template.xlsx, and paste the (four) columns into the A2 cell (case 1):

Case 1

x_coord_d Y_coord_d Z_coord_cValue
moment 0 (Constant Flow){
-10.2963 -0.02066 -7.45632 5.4B8E+13
-10.3 -0.01636 -6.50447 6.5?E+18|

6 -10.3 -0.01636 -5.50447 9.86E+18|
[ -10.2955 -0.02151 -4.63548 B.96E+183
C -10.2963 1.03691 -7.903817 1.10E+19
-10.2945 0.28128 -7.91 1.64E+19
-10.2963 1.48876 -4.71919 5.48E+18
-10.3 148506 -5.67104 4.93E+18
-10.3 1.48506 -6.67104 4.93E+13
-10.2955 1.4896 -7.54003 2.02E+19
-10.3016 0.859916 -4.27267 4.10E+13
-10.276 0.121676 -4.247 1.19E+19
-6.59097 1.12897 -4.17105 1.09E+19
-7.57033 119014 -4.17105 9.35E+18
-8.56741 1.25758 -4.17105 4.23E+13
[} -5.56293 1.32491 -4.17105 3.56E+18
-6.73021 0.271144 -4.17105 1.16E+19
-7.71316 0.340935 -4.17105 1.41E+19
-8.697 0.437204 -4.17105 5.58E+18

pEN -9.68255 0.575277 -4.17105 2.B2E+18
kLY -9.78593 -0.01781 -4.17105 2.61E+18
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This will automatically plot the thickness along axis Z:

Average impingement rate (1/sec/m2)
7E+19

6E+19
5E+19
AE+19

3E+19

2E+19

1E+19

-40 -20 0 20 40 60 30 100 120 140

Z position [em]

Explanation:
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The texture cells are exported as (X,Y,Z,impingement_rate) value quartets.

Excel averages all cells that lie within a select range of Z coordinates:

-13.5 6.26906E+19
-13 9.30367E+1E
-12.5 9.37919E+18E
-12 3.35686E+19
-11.5 3.08035E+19
-11 2.67478E+19
-10.5 3.59753E+19

=AVERAGEIFS(D$2:D5100001,C52:C5100001,">" &N37,C52:C5100001,"<" &MN38)

Function Arguments ? *
AVERAGEIFS
Average_range | DSZ:D5100001 4+ | = [Value"0r5476170000000000000;65...
Criteria_range1 | C52:C5100001 4+ = [7_coord_cm"0;-7 45632:-6.50447:-..,
Criterial | "> &MN37 | = 3125
Criteria_range2 | C52:C5100001 + | = {"Z_coord_cm”0;-7.45632;-6.50447:-...
Criteria? | "« BMN38 | = a2 W
= 9.37919E=18

Finds average(arithmetic mean) for the cells specified by a given set of conditions or criteria.

Average_range: are the actual cells to be used to find the average.

Formula result = 9,37919E=18

Help on this function Cancel

This is called conditional averaging (AVERAGEIFS function): if the Z coordinate in the C column is within two values
(defined in the N column), then the cell will count towards the average.

8. Make a copy of the geometry
Select all facets, and using the Facet/Move command make a copy by applying an 50cm X or Y offset.

Move facet HEER

(¥ Absolute offset [~ Direction and distance

&

In direction ———
Distance: cm
| Facet nomal |

r- Direction
Choose base first
|Selected Vettex | || |Selected ertes |

| Facetcenter | ||| Facet center |

| Move facets | Copy facets |

el b

Finally, add textures to the copied RF cavity (textures are not copied).
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9. Break up the cathode to smaller parts
e On one of the two cathodes, add a texture (any option, for example “count absorption”) with 1cm/cell
resolution
e Choose Facet / Explode

ds | Facet Vertex View Test Time About

N, Do Ctl+Del
N4 Swap nomal CtN
BN Shiftindices CukH 2N
M4 Facet coordinates .

S

L\: Move ..

N Scale.
N o Project ..
2 Rotte..
Align'to .
Elrude .
Spit .
Create shape..
Create two facets' ..
Transion between 2
Build intersection..

Collapse.

Revert fipped normals (old geometries)
Triangulate
Convett to outgassing map..

e Set the same outgassing (for example 1) on all 152 small cells:

—i=] Selected Facet [192 selected] -
Particles in

Dezarption [Llnifu:urm (= |

[+ Outgassing [mbar/s): H

[ Outg/arealmbarls/cél| 000658

Zi

e Select the other (not exploded) cathode and set 152 as outgassing, so that total outgassing is the same
N ¥ | Particles in

Dezorption [Unifu:urm |:| |

[+ Outgassing [mbarl/sl 153

[ Dutgfarealmbars crel:| 100055

— Particles out

Sticking factor: D
Pumping Speed [I4s]: 1]
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10. Vary outgassing to achieve uniform thickness

Where the impingement is too high or too low (for example, ends), adjust the outgassing by selecting smaller parts
of the cathode. This corresponds to the sputtering time at that position in real life. After every change, rerun the
simulation and check the result:

—=) 3D Viewer settings
["Rules [ Nomals [ 4%
[ Lines (v Leaks [ His
[ Volume [ Testure [ FacetiDs
| <« View | [ Indices [~ VertexiDs

iz} Selected Facet [6 selected) —;
F‘amcles n————
Desorption [Uniform |
(v Dutgassing (mbar/s): [a
¢ || [ Outg/arealmbarl/s/en?l (008333

Sticking factor: r
] Pumping Speed (I/s): [_

Sides: [Wi\
Opacity: ﬁ—
Temperatwre (K} (29315
Sum Area (cne): [B_
Profie:  [Nore |

| << Adv | Details..|| Coord. || Apply |

A ’— Particles out

[ Shorteuts ——————

—z) Simulation ———
L<cSim | [ Resume || Reset |
[v Auto update scene \_Q;Ea?[

Hits | 138 Mhit (202 Khit/s)

When you have a good (enough) uniformity, adjust the total outgassing on the other cathode for comparison.

Texture Scaling HE B

— Texture Range Current
Min [2A1?1E+1? [ Autoscale (v Use colors

Max |5e2{ [~ Logarithmic scale

| Setto curent || Apply | Swap [4.18MB Max: 2535E+22

r Gradient

4.4815e+21
0 Te+21 2e+21 Je+21 4e+21 Se+21

Min:  2171E+17

Show: [Impingemenl rate [1/sec/m2"_'_l

Original, uniform outgassing (TOP) and equalized outgassing (BOTTOM). Note the differences on the edges.

11. Compare thickness profiles
Select one of the RF bodies, and repeat point 7: export textures to a file and paste to Excel. If you use the template,
it will be plotted.
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Repeat the process for the other RF cavity and paste the values in “Case 2” in the template sheet.

This will plot the two thickness profiles against each other:

\ Gase 1 1 Case2 ] 200s (o] average imp rate case 1)_average imp rts [ tactoe
B ocra v coord <2 cnora_cvaiue ¥ coord ¢ _coord €2 coore cvaiue l ) assss Fl e
Bl roment o{Constant iowl{ moment  (Canstant Flow)( =5 Laostseets s e
BN 102017 -ooss 7086 movEs Lo o -ascs sagns - 182068419 )
B 0 ooise zmen oo Lo ouums 4snos saEes | s Lewsssens
103 001856 & |-Loser0n o166 52104 306015 S LTS3t sein
03 0o -6 LmEo) 00U 5510 1156620 23 L302s8018 |
- w roon aumms sanes 179600 | - Yoases 7 [ \ |
103 00185 525446 602Er18 |-Loseson ootese asoss 13see0 25 275186015 s an | | ~
] 102 oouwss armess 2:ean Lmer amuss 2o 1o x Lozsssers ¥ | ‘ 7\ M
Bl 100557 o0si |-1oseeon apmias 77ms 1106030 5 5.36085€+15. i ‘ \JM \
12 [T Loassn nanm2 79128 1326020 - 2nmens 19 | | | | i
{0 o Lmeeor aEnm 250w7 135E00 | s s aseasen1s i
[ 03 ossesr |Loseson L1 sour 133020 B 258817E015 . | | I I
[ 1026 oo LOBEOL 145038 73ITA LITE6R0 ns 3114508418 ] i
[ 017 1w Lol 1ama 70es3 1206020 | - 329827015 L o , Al M VE
[l 0o ress Lo LamS06 725407 1336020 | 25 14TIO7ENS 16410 { Dy Ul VAU D] Ul Vool A Vol |l || Ty
12 [ETRR Lol LAENG -6THMT LaGEsz0 = L0418 v / v \ [
" 103 148506, |-LosEemn Lams0 525w 141600 ns 1.3485E+15 + | | |
103 Lassos Lol Lassos 5748 1036020 | 2 1584756415 0
103 Lassos LmEL LAI6 S8 L1360 ns LT " 2 0 » w0 6 5 100 120 120
103 105 |-Lmeoy Lansts 756 1060020 - L9903E019
102887 Laseas, Lor Lemis atmer 10500 | 193 Losarserts
13808 01078 |Losee0n noamora a2s301 1226020 s 203sa7En1s
10,3171 0,496089 -LOZESOL D.608146 -4.19921 1106420 185 1.9499€419
1027 o1nem Loaeor aser ame 11see0 | 1 Lm7Ens
10299 117983 427081 BS8ErIa |-Loseron nasama azvess L1ieea0 175 L59884ErIS
0347 07 anm amEens tmeer Lzw 42 LaEe 12 pyeseesen
0718y 130552 4w GazEens oMol L7653 436075 107E020 | 165 3259086015
53058 L1588 417105 136019 [Lostior Lo0s 430 Lasge | 15 115516019
ame Lim aimus 1meas smeon Lamon aames 4cses 1 L30s8ge15
S L A 1oEs |sses0n aasas? a7 4s2e019 1 2 7ess1EnS
soe Lassse a17ios 92501 5586400 0335057 417108 4esgeis | 15 200786015

Solution: Pasted data from Case 1 and Case 2, plotted against each other.

Well done!

4. More info and tutorials
On the website (Molflow documentation, mainly for vacuum simulations):

Molflow+ NEWS ABOUT DOWNLOADS - DOCUMENTATION - FO

) Molflow

Generating accelerator sequences with (==

SynRad
TUESDAY, SEPTEMBER 8, 2020 - 11:32 | By Marton Ady documentation

OpticsBuilder
documentation

ngelog

Molflow documentation

10-minute quick start guide

Good for beginners, walks you through the basics of creating a simple geometry and extracting results

Webinar (new)

Series of narrated screen recordings walking you through Molflow's features

The algorithm behind Molflow 2.6

Contains additional information of how pressure is calculated, and how the time-dependent mode works

User guide for Molflow 2.4

More detailed description from the user's point of view. Written in 2013, the screenshots are somewhat outdated

Changelog

Documents what's new

Tutorials
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