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1. Introduction

MOLFLOW (for mglecular flow) is a software tool written for the calculation of several
Juantities relevant to ultra-high vacuum (UHV) technology, namely conductances,
pumping speeds, efficiency of cryopumping chevrons and haffles and many others.
The algorithm herein implemented is the weli-known Monte Carlo (MC) method, the
power of which is recently increased due to the drop of hardware prices in the EDP
market .

The application of the MC method under UHV conditions is justified by the analogy
between molecular paths and random walks. For rather simple vacuum ducts, such as
eylindrical pipes, analytical formutae do exist, but their application is very tedious (sec
appendix A2 for details): in fact, these forrulae are usually given as nomograms, and
the conductance of a tube is usually obtained graphically. In addition to that, special
assumptions on the gas sources, as for instance effusion from a bigger volume, have 1o
be made in order to get the results, and this assumptions are often unrealistic.
Unfortunately vacuum systems rarely resemble a straight tube, just think about a curved
bellow, an angle valve, a tube with a varying cross section, etc. In these cascs the MC
method is the only practical alternative: it can be tailored to the specific problem under
consideration, taking into account all the different aspects and the real 3-D geometry.
Obviously, one has to pay for such a flexibility: early MC calculations were very time-
consuming, and powerful mainframes were mandatory. In the recent years, PC-based
workstations equipped with 32-bit microprocessors and coprocessors have become
very common. Their computing power is sufficient to simulate the molecular flow and
photon trajectories under UHV conditions of complex 3-D geometries in reasonably
short limes, with great accuracy (compared to the correct analytical values, when
existing), giving the user the possibility of checking the vacuum performance of a
vacuum system without the need of making a prototype or a mockup. In the case of a
synchrotron radiation source like ELETTRA, this allowed a considerable reduction in
the development and data analysis of many different pans of its vacuum system, as will
be shown in a separate paper.

2. Program Lay-out

MOLFLOW originally consisted in two programs written in Turbo Pascal, one 10 be
used as an editor (MOLFLOWE) 1o create the structures to be analysed, and one to

perform the MC simulation { MOLFLOWR). This program lay-out has been maintained

due to many different reasons which will be outlined in the following paragraphs.

From now un, we will name structure a collection of points wnd facers . A pointis
defined by its three x;, y; and z; cartesian coordinaies, while a facel is defined by
identifying the points which occupy the vertices of a polygon. Figure 1 shows un

example of such a facet.
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Fig.2 Example of definition of a facet in the 3-I space

Each facet is oriented in the 3-D space and has some properties like a sticking
coefficient, s, {or a reflecrivity R=1-s if photons are concerned), a transparency, T,

desorption and reflection cocfficients.

2.1 Database Structure

The organisation of the database, i.e. the set of duta which are used by the programs,
both the editor and the MC, is given.



The dutabase contains the information about the points, the facets and other parameters
used dunng the MC simulation.

As already said, a point is defined by iis three cartesian coordinates, x;, y; and z;.
A facet is defined by 23 real numbers, call it components, namely:

# Definition

1 A, in the facet equation: Ax +By + Cz+D =0;
2 B, " " " "

3 C, " " " "

4 D, " " " "

5 cosalfa, defining the orientation of the facet;

6 cosbeta, " " " "

7 sinalfa, " "

8 sinbeta, " " " "

9(*) Sticking, the sticking coetticient S (for molecules), or R=(1-3), the
reflectivity (for photons);

10{*) Transparency, the ransparency coefficient;

1}1(*) Area, the facet's surface, in cmz;

12(*) Desorption, the desorption coefficient, i.c.(number of desorbed molecules+1);

13 Xmin, used in the program;

14 Lx, "

15  Ynmin,

16 Ly, "

17(*) Hits, the number of intersections between the trajectones of the molecules (or
photons) and the facet;

18(*) Adsorb.Mol., the number of molecules adsorbed by the facet;
19 aifa, one of the two angles defining the orientation of the facet;
20 beta, " " " " " b

21(*) Des.Type, the type of desorption from the facet;

22(*) RefN.Type, the type of reflection from the facet;

23(*) (free, for custom extensions).

Oaly the components marked with an asterisk, i.e. no. 9, 10, 11, 12, 17, 18, 21, 22
and 23, called arributes of the facel, are saved on disk, while the others are obtained
by the programs starting from the points’ coordinates and the definision of the facet.

When you save a data file (ASCII format) on disk, three constants are written at the
beginning of i:

nmp, the maximum number of points defining a structure: nmp=2(X};
nmf, the maximum number of facets: nmf=80,
nmp_fc, the maximum number of points defining a facet plus 1: nmp_fc=2Q.

These three constants should not be changed.
Then the program writes:

n_tot, the number of molecules generated in the structure;

n_mle¢l, the number of molecules to be generated {i.c. generated betore the MC
program stops autormatically. Usually n_micl is a very large number);

n_p, the number of points defining the structure;

n_fc, the number of facets defining the siructure;

From now on, an array will be identified by the notation Al[ij},
following the notation used by the Pascal language.

At this point the cariesian coordinates of the n_p points are written:
v{1,1}=X-coordinate of the first point, v[1,2]=Y-coordinate of the first point,
v[1,3}=Z-coordinate of the first point, ete..:

v[1,1) vil,2] v[1,3], XYZ-coordinates of the first point
v[2,1] v[2,2] v[2.3] " 2-nd print
vin_p,1} v[o_p,2] ¥{n_p,3] " last point

After the coordinates of the points, the definition of each facet follows:

Poly[i,j] is an array of dimension nmf times nmp_fc containing all the information. For
each facet, index i, Poly[i,nmp_fc] gives the number of points defining the i-th facet,
while Polyfi,1}, Polyli,2], ..., Poly[i,n] identify the n points defining the i-th facet:

Poly[l,nmp_[Ic] Poly{l,1] Poly[1,2] Poly|L,Poly[l,nmp_fc]]

Poly[2,nmp_[Ic] Poly[2,1] Poiy(2,2] Poly{2,Poly[2,nmp_{c]|

Polyin_fc,nmp_fc] Poly[n_fc,1] Poly{n_fc,2|

Polyfn_fc,Pely(n_fe,nmp_fc})
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‘Then the atiributes of each facet are wrilten:

1,9] Sticking coefficient of facet no.1
P[1,10] Transparency

Pl1,11] Area

Pi1,12] Desorption

P[1,17] Hits

P[1,18] Adsorb.Mol.

P(1,21] Des.Type

P1,22) Refl. Type

P[1,23] (not used}

(Same for the other (n_fc-1) facets)

Finally, the two pressure vectors Pri,1] and Pr]i,2], i=1,..,100 are written (refer 10
section 3.2.2.8 (Pressure Profiles) for details):

Pr{1,1] Pr[1,2]
Pr{2,1] Pr(2,2]
Pr{100,1] Pr[100,2]

3 The Editor Program (MOLFLOWE)

This pregram is divided in two sections, There is a graphic session where a structure
can be visualised together with some of the properties of its facets and points, and a
screen session used for inputting the data and listing some other properties of the
structure. Switching between the two sessions is frequently required during the

definition of a structure. The screen session will be examined first,

You're sometimes asked to enter some data: throughout this manual the
underscore symbol "_" means that you are expected fo enter a value,
numeric or alpha-numeric. We will refer to the screen templates using a

bold typeflace.

In the following, please refer to 2.1 (Database Structure), and Al (Hardware and
Sofiware).

After installing the programs on your hard-disk (say the C disk), you may run
MOLFLOWE simply issuing the command molflowe from the DUS prompt 'C>". The
first thing appearing on the screen is the templaie recalling you which program is going
to be executed.

You should set the printer parameter according to the printer connected lo your
computer (see Appendix Al (Hardware and Software)).

3.1 Main Menu

The Main Menu is the following:

3.1 - MAIN MENU -

GRAPHIC SESSION S
LOAD/MERGE DATA FROM DISK (D
MODIFY DATA IN MEMORY 1 (2)
INPUT NEW DATA : (3}
SAVE DATA ON DISK HEEY
LISTING OF DATABASE : (5)

ENTER YOUR OPTION :



Entening a number between 0 and 5 lets you move (o other sub-menus, corresponding

to the different features of the program. We will now review all these options.

311 Load/Merge Data from Disk
This option loads data previously saved on disk:

3.L1 - LOAD/MERGE OPTIONS MENU -

LOAD DATA FROM DISK NV §)

MERGE DATA WITH EXISTING DATA : (2)
ENTER YOUR OPTION :

You should specify the correct drive, directory and filename. Failing 1o do so the
program beeps and the message

File drive:\ directory \ filename NOT FOUND 11!

is displayed, and you are asked again to enier a new filename. If you want to quit this
menu, simply press the Enter key and you'll be back to the Main Mcenu.

If the filename is correctly specified, the data are read from the disk and loaded in the
program'’s dawbase. The suggesied extension «. TXT is not compulsory. You can
specify your own extension, for instance to distinguish between different groups of
files.

If the Merge option is selecied, data read from disk are loaded into the program's
database and placed at the end of already existing data. You should not invoke the
Merge option if the database is empty.

3.1.2, Modify Data Menu
There are several possibilities of modifying the database of the struciure:

3.1.2. - MODIFY DATA OPTIONS MENU -

ADD/REMOVYE/CHANGE POINT(S) ()
ADD/REMOVE/CHANGE FACET(S) : (2)
MODIFY THE COORDINATES OF POINT(S) 1 (3)
MODIFY A FACET LY
TRANSLATE (AND COPY) 1 A5
ROTATE (AND COPY)} : (6)
MAGNIFY (AND COPY) (M

ENTER YOUR OPTION :

The cootdinates of the points and the definitions of the facets can be modificd as
follows.

3.1.2.1. Add/Remove/Change Point(s)
The sub-menu is the following:

3.1.2.1. - AD/REMOVE CHANGE POINT(S) OPTIONS MENU -

ADD A SINGLE POINT TO THE DATABASE Y
ADD POINTS ON AN ARC OF ELLIPSE 1 (2)
FIND THE INTERSECTION BETWEEN 3 PLANES 1 (3
REMOVE POINT(S) FROM THE DATABASE )
EXCHANGE POSITIONS IN THE DATABASE 1 (9
ADD POINTS ON SEGMENT 1 (6)

ENTER YOUR OPTION :

We will now oulline the different features:

s -
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3.1.2.1.1. Add a Single Point to the Database

3.1.2.1.1. ADD A SINGLE POINT TO THE DATABASE
ADD A NEW POINT TO THE DATABASE (0 to exit)
AS THE LAST POINT 1 (1)
AT A SPECIFIC POSITION : (2)
ENTER YOUR OPTION :

If there are N points in the database, the Last Point option prompts you for entering the
Xnetr YN+ 1+ZN+) Coordinates of the (N+1)-th point. The Specific Position option

creates a new point at the i-th position and shifts downward the remaining (N-i) points
in the database. You can check this by means of the 3.1.5. option (Listing of
Database).

3.1.2.1.2, - Add Points on an Arc of Ellipse
Selecting this option you first get the file info message:

3.1.2.1.2. - ADD POINTS ON AN ARC OF ELLIPSE -

THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS

then the following questions will appear:

Enter the (X0,Y0) coordinates of the center of the ellipse (polygrn) :
X0=_; YD=_; Z-coordinates of the points : Z0=_

ilorizontal semi-axis, R1=_; Vertical semi-haxis, R2=_

How many sides, N1, has the polygon ? _

Now enter the two angles (in degrees) alfal and alfa2 corresponding tv the

first and N1-th point:
alfal=_; alfal=_

Suppose that N=0 and M=0, neither points nor facets in the database, and that you
answer to the above questions entering the following numbers

X0=30, Y0=2.0, Z0=2.5, R1=2,5, R2=2.0, N!=11, alfal=0.0, alfa2=180.0

then you create 10 new poinis in the database as shown in the following figure:
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Fig.3.1.2.1.2 Add Points on an Arc of Ellipse

The points are always created in & plane parallel to the XY plane, at Z=20. You can
then use options 3.1.5 (Translate (and Copy)), 3.1.6 (Rotate {and Copy)) and 3.1.7
{Modify {and Copy)) to move these points to the required position and orientation.

3.1.2.1.3 - Find the Intersection Between 3 Planes

There is the possibility of finding the intersection between 3 planes: all of them, or two
only, should be planes already existing in the database, i.c. plancs identifying facets in
the database, while the third one could optionally be a plane whose A, B, C and D
coefficients are entered from keyboard:

3.1.2.1.3 - FIND THE INTERSECTION BETWEEN 3 PLANES .

THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS

You can now select 3 planes:

Enter 0 as the first plane to exit ...

Enter -1 to input plane coefficients from keyboard ...
Enter -2 to find a plane passing through 3 given points ...

10



All these options are useful when you have, for instunce, two round tubes connected 1©

form an elbow. An example is given in section 5.1.2.

Eniering 0 you simply leave this sub-menu and go back to the Main Menu;

if you enter 3 positive integers then the program finds the intersection (if any) between
the planes identfied by these numbers,

If there is an intersection (with a 1E-5 approximation) then the A,B,C and D
coefficients of the 3 planes are listed (refer to section 2.1 for details) and the following
question appears:

Assign these coordinates to a point (Y/N) ? _

If your answer is Y then the point number, i.c. the position in the database, is asked.
You can overwrite the coordinates of an existing point, between 1 and N, or create a
new point , the (N+1)-th.

If you enter -] as the third plane number, then the program allows you to find the
intersection between 2 aiready existing planes (facets in the dawabase) and a plane
whose A,B,C und D coefficients are entered from keyboard.

Entering -2 as the rhird plane number allows you 1o find the intersection between 2
already existing planes and a plane identified by 3 points whose coordinates are entered
from keyboard (these points are not stored in the points' database).

3.1.2,1.4 Remove Point(s} from Database

Sometimes one or more points in the database become useless due to modifications or
redefinition of the structure. This option is used (o remove, i.e. delere, such points.

3.1.2.1.4 - REMOVE POINT(S) FROM DATABASE -

THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS
Remove unused points (1) or selected (2) 7 _

If you answer |, then the facets' database is scanned and all the points which are not
conirbuting to the definition of any facet are removed from the points' database. If you
answer 2, then the following question appears

Select point to be removed (0 to exit) : No._

The lust question will be asked until you enter a 0 and go back to the Main Menu,

11

Suppuse you enter a |, and suppose that point no. 1 defines tacets no.3, 5 and 10. Then the

following message is displayed:

WARNING !! The point you*re going to remove defines facet no. 3
WARNING !! The point you®re going to remove defines facet no. 5
WARNING !! The point you®re going to remove defines facet no. 10
Remove point anyway (Y/N) ? _

Should you answer Y, then point no.1 will be deleted.

Entering an intcger, j, removes the i-th point from the database, i.¢. moves the (i+1)-th,
..., N-th point upward one position and decreases N to (N-1). Therefore if you want w
delete 3 points at positions (in the database} 10, 15 and 22, you should enter the
integers 10, 14, 20. Afier using this option you better verify the correctness of the
operation using the < Alt - F5 > (Select (Facer)) option running the graphic session {sec
section 3.2).

3.1.2.1.5 - Exchange Positions in the Database
The positions of two groups of points in the database may be exchanged:

3.1.2.1.5 - EXCHANGE POSITIONS IN THE DATABASE -

THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS

The positions of two groups of points in the database will be exchanged.
Select the first point of the first group (0 to exit) :

First point no. _ , and now the first point of the second group _

How many points to move in each group 7 _

Suppose you enter the following 3 numbers

3,207

then the position in the database of the 7 points 3,4,5,6,7 .8 and 9 will be exchanged
with points 20, 21, 22, 23, 24, 25 and 26. This option doesn't really change the
structure definition, only the way it is displayed is changed, see for instance section
3.1.5 (Lisuag of Database)). It's practical usefuiness is therefore limiied.
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3.1.2.1.6 - Add Points on Segment

There is the possibility of creating points in the daabase which lay on a straight
segment connecting two points whose (x,y1.2)) and (x3,y2,Z3) coordinates must be

entered. The points are evenly spaced. An example:

3.1.2.1.6 - ADD POINTS ON SEGMENT -

THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS
How many points (0 to exit) 7 4

X-coord of first point : 0.0 ; X-coord of last point : 1,0

Y-coord of first point : 0.0 ; Y-coord of last point : -1,0

Z-coord of first point : J,0; Z-coord of last point : 2.0

Suppose N=72, then the program lists the X, Y, Z coordinates of the 4 new points
created in the database:

# X Y Z
73 0.000E+000 0.000E+000 1.000E+000
74 3.333E-001  -3.333E-001 1.333E+000
75 6.667E-001 -6.667E-001 1.667E+000
76 LLOOOEHXO  -1.00E+000 2.00GE+000

3.1.2.2. Add/Remove/Change Facets

We will now examine the possibility of creating facets in the database. The sub-menu is

3.1.2.2. - ADD/REMOVE/CHANGE FACET(S) OPTIONS MENU -

ADD A SINGLE FACET : (1)
DEFINE THE FACETS OF A POLYGONAL SOLID 1 (2)
REMOVE A FACET FROM THE DATABASE 1 (3)
EXCHANGE POSITIONS IN THE DATABASE : (4)
MODIFY FACET ATTRIBUTES ON RANGE 1 (§)
REVERSE OQRIENTATION OF FACET(S) : (6)

ENTER YOUR OPTION :

The first option is the following:

3.1.2.2.1. Add a Single Facet
Refer 1o section 3.1.3 for the coordinates of the following ¥ points.

3.1.2.2.1. - ADD A SINGLE FACET -
THIS DATA FILE REPRESENTS A STRUCTURE WITH 11 POINTS AND 0 FACETS
FACET DEFINED BY N1 POINTS
Enter the number of points defining facet no. 1
Enter the number identifying facet no. 1, moving clockwise or counter-
clockwise:
Point No.l Point No.2 Point No.3 ... Point Noj§

Referring to the following figure, the program displays the lines

Is it facet no.l properly oriented (Y) or reverse it (N} <DEFAULT=Y>
(0.000E +000,0.000E+000,4.000E+000) D=0.000E + 000
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Fig.3.1.2.2.1 Definition of a facet

where the values shown for (A',B',C') and [ are related to the coctficients AB and C
identifying the orientation of the vector perpendicular 1o the facet currentiy being
defined. If you answer Y (default value), then the facet is oriented as shown by the
vector (A'B'.C"), while if you answer N the orientation is reversed, (-A', B',-C).
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Note that cach facet should be oriented so as (o point jnside the
structure. If this is not the cuse then the MC simulation program might
nol run properly. Refer to Appendix A3.

Al this point the tollowing lines are displayed:

EQ. FACET 1 : 0.000E+000 X + 0.000E+000 Y + 4.000E+000 2 +0.000E+000 = 0
Enter the sticking coeff. S of this facet:

5=0.0 --> the facet is not pumping (DEF) ;
0.0<8<=1.0--> the facet has a probability S of pumping the molecules;
S>=1.0 --> used to connect together many structures (TR=0.0);

Enter the sticking coeff. of facet no. M1 : 5=0.000E+000 _
TR=-1.0 --> selects a facet to visualize pressures;

TR=0.0 --> facet is totally transparent to molecules;
TR=1.0 --> facet is totally opaque to molecules (DEF);
TR=>1.0 --> double-sided opaque facet;

Enter the transparency TR of this facet : TR=1.00E+000 _
Desorption from this facet (Y/N)} ? _

If you answer Y 10 the last question then the following line appears:
Desorption is diffuse (0) or uniform (2) ? (DEF=0) _
Reflection is diffuse (0), mirror (1) or uniform (2) ? (DEF=0) _

For informations about the meaning of diffuse, mirror and uniform for the desorption
and reflection of the particles, please refer to Appendix A3 (The Monte Carlo
Algorithm)}, and A4 (Commenis about Functions and Procedures).

At this point the surface area of this facet is displayed and all of the facets and their
sticking coefficient and transparency values are listed.

Finally, you go back 10 the Main Menu.

3.1.2.2.2. Define Facets of a Polygonal Solid

The situation is as follows: suppose you want to create an ellipdcal tube (its sidewall).
For this task you can use twice option 3.1.2.1.2 (Create Points on an Arc of Ellipse).
Suppose cach sct has 11 points as already seen before. Then you may define the
sidewall by selecting the 3.1.2.2.2 option:

Now, referring to the elliptical wbe example, suppose N=22 and M=1: if you enter,the
values
3.1.2.2.2. - DEFINE FACETS OF A POLYGOUNAL SOLID -

THIS DATA FILE REPRESENTS A STRUCTURE WITH 22 POINTS AND 1 FACETS

(0 to exit) ..
First polygon defined by point no. L through no. 11
Secund polygon defined by point no, 12 through no. 22

then the following 11 lines, already seen in 3.1.2.2.1, are displayed:

Is it facet no.2 properly oriented (Y) or reverse it (N) <DEFAULT=Y>
(-1.24E+000,-2.45E-001,0.000E+000) D=7.288E+000

‘e

Is it facet no.12 properly oriented (Y) or reverse it (N) <DEFAULT=Y>
(1.436E-008,1.00E+001,0.000E+000) D=-2.000E+001

As before, you should specify the orientation of each facet. The atmributes ot each facet
are set (o their defauls values, i.e. $=0.0, Tr=1.0, no desorption, diffuse reflection. To
change these settings please refer 1o section 3.1.2.2.5 (Modify Facer Atiribuies on
Range) and 3.1.2.4 (Modify Facet(s)). The structure you've created looks like this:
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Reversing the daa input, i.e. entering

First polygon defined by point no. 12 through no, 22
Second polygon defined by point no. 1 through no. 11

all of the [ facets will be oriented the other way, pointing outside the structure.

3.1.2.2.3. Remove Facet(s) from Database

One or more facets may result unnecessary: you can remove them from the database:

3.1.2.2.3. - REMOVE FACET(S) FROM DATABASE -
THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS
Facel te be removed (0 to exit) _

This question is asked until you enter a ( and leave this option going back to the Main
Menu.

3.1.2.2.4. Exchange Positions in the Database

Sometimes one needs to move (in the database) some facets in order to visualize better
the structure:; for instance, suppose you create a new facet, say the 50-th, which is
placed close to facet no.1. Exchanging facet no.50 with no.2, you can analyse better
your struciure when you go in the Graphic Session. The usefulness of this option 1s
limited.

3.1.2.2.4. - EXCHANGE POSITIONS IN THE DATABASE -
THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS
The positions of two groups of facets in the database will be exchanged.
Select the first facet of the first group (0 to exit) :
First facet _, and now the first facet of the second group _
How many facets to move in each group ? _

Now suppose that N=50, M=20, and you enter the numbers

L34

to answer the 3 yuestions: then the program dispiays the following hnes

Swapping facet # 1 with facet # 5
Swapping facet # 2 with facet # 6
Swapping facet # 3 with facet # 7
Swapping facet # 4 with facet # 8

«. DONE! <ENTER> to continue .,

The positions of the two groups of facets are exchanged in the database. Also the utility
of this option is limnited.

3.1.2.2.5 Modify Facet Altributes on Range

You can now change the atiributes of one or more facets in the database. Selecting this

option you get the following sub-menu

3.1.2.2.5. - MODIFY FACET ATTRIBUTES ON RANGE OPTIONS MENU -
THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS

- CHANGE STICKING COFFFICIENT OF FACET(S) : (%)

- CHANGE TRANSPARENCY COEFF. OF FACETS ¢ (1)
- CHANGE DESORPTION OF FACET(S) 1 (12)
- CHANGE DESORPTION TYPE OF FACET(S) 1 {21)
- CHANGE REFLECTION TYPE OF FACET(S) 1 {22}

ENTER YOUR OPTION : _
Depending on your choice, a message is displayed: if you enter 4 then

5=0.0 --> the facet is not pumping;

0.0<8<=1.0 --> the facet has a probabilily § of pumping the molecules;
S»=1.0 --> used to connect logether many structures (TR =0.0);
Change selected attribute of facet no. _ through facel no, _

Enter new value for attribute : _

If you answer

L10.0.5



then the sticking coefficient of facets no. 1, 2, ..., 10 is set equal to 0.5,

This option is useful after you've created many facets by means of the opuion 3.1.2.2.2
(Define Facets of Polygonal Solid).

3.1.2.2.6 Reverse Orientation of Facel(s)

It is sometimes useful 10 have the possibility of reversing the orientation of a group of
facets in the dutabase: instead of using option 3.1.2.4 (Modify Facet(s)) many times,
you may use the following option:

3.2.2.2.6 - REVERSE ORIENTATION OF FACET(S) -

THIS DATA FILE REPRESENTS A STRUCTURE WITH 1i POINTS AND 0 FACETS

Reverse orientation of facet no. _ through no. _

Entering, tor instance 1 and 11, you reverse the orientation of facet no.1, 2, ..., 11
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Fig.3.1.2.2.6 Structure as in fig.3.1.2.2.2 after reversing 11 out of 12 faceis. The

A, B, C and D coetficients are just the opposite.
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3.1.2.3 Modifly Coordinates of Point(s)
If necessary, the coondinates of onc or mare points in the database can be changed:

3.1.2.3 - MODIFY COORDINATES OF POINT(S) -

THIS PATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FAUETS

You can now modifly the coordinates of existing points:

the database WILL BE UPDATED, so please be sure that the facets are
defined properly.

Select the point to be modified (0 to exit) ? _

If you enter 10, then the program asks you the (x1g.y 0.2g) ¢oordinates of the 10-th
point:

I(lo)z _ y(lﬂ): - z(10)= -

The database is not updated, i.c. the facets' coefficients A, B, C and D are not re-
calculaled following the modification. You can update the database running option
3.1.5.2 (Listing of Database (Facets' Definition)) in the Screen Session, or command
3.2.2.5.2 (Select a Facet) in the Graphic Session.

3.1.2.4 Modify Facet(s)
Facets in the database can be modificd.

3.1.24. - MODIFY FACET(S) -

THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS

At this point refer 1o section 3.1.2.2.1 (Add a Single Facet), and 3.1.3 (Enter New
Data). The procedure for entering the data is the same.

Now a set of options 10 translate, rotate and magnify the coordinates of already existing
points in the database is described. They can also be used 10 create new points in the
database.
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3.1.2.5 Translate (and Copy)

“The possibility of translating some points in the database turns out w be very useful.
You can translate independently along the X, Y and Z direction. The sub-menu is

3.1.2.5 - TRANSLATE (AND COPY) -
THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS
Points to be transiated in X (1), Y (2) or Z (3) direction (B to exit} ? _

Suppose you enter 3, then the you get the following question

The (x,y) coordinates of points in the database will be translated:
TRANSLATE on range (1) or selected points (2) (DEF=2} ? _

If you enter 1, then the program displays
Copy coordinates of point no._ through point no._
if you enter 1, 10, then you've selected peoints no.1, 2, ..., 10:

and translate along Z-direclion by amount delta = _
Create new points (Y) or overwrite old ones (N 7 _

If you enter 1{) and y, then the coordinates of these points in the database are translated
in Z direction by 10 cm, and assigned to 10 new point, the (N+1)-th, ..., (N+10)-th.

If the last answer is , then the coordinates of the selected points are changed, and any

new point is created.
A final question is
Update database (Y/N) ? _

if you answer y, then the parameters of ail facets in the database are updated, i.e re-
calculated, following the alterations you've just made, otherwise they are left

unchanged. Sometimes you'l! have to answer g 10 this question.

If you enter 2 (Selected Points option), then the situation is as follows: Suppose you
want to translate point no.1, 13 and 25 by the same amount in the Z-direction: then you

enter
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Select point (0 to exit) : L
Select point {0 to exit) : 13
Select point {} to exit) : 25
Select point (0 to exit) : {

and you're brought back to the request for the translation amount, the creaton, or not,
of 3 new points, and database updating.

3.1.2.6 Rotate (and Copy)

Option 3.1.2.1.2 {Add Point on Arc of Ellipse), for instance, can create points in the
darabase in a plane parallel to XY. In this case an option to rotate the points to the
desired orientation is very useful.

3.1.2.6. - ROTATE (AND COPY) -
THIS DATA FILE REPRESENTS A STRUCTURE WITH 40 POINTS AND 20 FACETS
The (x,¥,7) coordinates of selected points will be rotated (0 to exit):
Select: point no._ up to point no._
ROTATE ABOUT ONE OF THE AXIS (1) OR COMBINE ALFA-RETA ROTATION (2) _

Now, there are two distinct possibilites: the first allows a rotation about an axis parallel to the
X.Y and Z axes, while the other combines two rotations in one single step.

If you choose the first option, entering a |, then you get the following lines

Points (o be rotated about an axis parallel to the X (1), Y (2) or Z {3) axis 7 _
Enter the (x_,z_) coordinates of the rotation axis: x_=_ ; Z_=_
Rotate about Y_-axis by an angle alfa=_

Create new points (Y) or overwrite old ones (N) 7 _

Update database {Y/N} ?7_

Suppose that , as a first step, you've created 20 points on a circle in the XY plane using
option 3.1.2.1.2 {Add Points on Arc of Ellipse), with X0=0.0, Y0=0.0, Z0=0.0,
R1=1.0, R2=1.0, N1=20, alfal=0.0, aifa2=360.0. The second step is to create 20
more points in a plane parallel to XY, using the same option, with X0=0.0, Y0=0.1},
Z0=5.0, R1=1.41421356, R2=1.0, N1=20, alfal=(.0, alfa2=360.0,

At this point you use option 3.1
20, 21, 40, and accept the ortentation of the 20 facers

.2.2.2 (Define Facets of Polygonal Solid), entering the

following four numbers, 1,
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(simply press <ENTER>). If you now go in the graphic scasion (option O in the Main

Menu), then the following smucture is displayed:
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Note that bgfore the rotation, the facets are not defined properly. In fuct, if you use
option 3.1.5 (Listing of Database (Facers' Definition)), then all of the fucets have a
point (she fourth) which doesn't belong 10 the plune defining e facets' orienjston.

The structure shown in fig.3.1.2.6.b) is the first part of the data tile DAVIS53. TXT.
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The other option, 0:—B Rotation, is connected to the two angles o« and B defining the
orientation of a facet in the 3-D space.Referring to the structure just shown, if you sel
a=45, P=90 (the two angles ori¢nting facer no.3, shown with a solid line), then
selecting all 40 points for the a—fP rotation, you orientate the whole structure

perpendicularly to facet no.3 (the Z-axis becomes the perpendicular to facet no.3).

Just select option 3.1.2.6 and enter |, 40, 2, 90.0, 45.0, 1, y. The o—P rotation is

always performed about the origin, therefore you would possibly need to translate the
siructure before using this option
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Fig.3.1.2.6 a) Rotaie {(and Copy)): simation before rotation ...

If you use option 3.1.2.6 and enter the numbers 21, 400, 1. 2, 0.0, 3.0,45.0. n. v,

you get the rotation
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3.1.2.7 Magnifly (and Copy)

Consider the 20-facets structure already shown. This option is the following:

3.1.2.7. - MAGNIFY (AND COPY)
THIS DATA FILE REPRESENTS A STRUCTURE WITH 40 POINTS AND 20 FACETS
Points to be magnified in X (1), Y (1} or Z (3) direction (0 to exit) ? _
The (x,y) coordinates of selected points will be copied:
Copy coordinates of point no._ up to point no._
and magnify in Z-direction by a factor delta = _
Create new points (Y) or overwrite old ones (N) ? _

Select this option and then answer as follows: 1, 1, 40, 2.0, . 0 (10 exit), y (update}
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Fig.3.1.2.7 Magnification in the X-direction

and suppose you want 10 study the ransmission probability for molecules as a function
of the ellipticity (i.e. horizontal/vertical dimensions). You can use this option 1o simply
magnify in the horizontal (X) direction to obtain elliprical profiles. In this case the X-
coordinates of all points have been multiplied times 2.0,

Another application of this option is shown in section 5.1.4 (Transmission Probability
of Butterfly and Angle Valves).
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3.1.3 Enter New Data

This is the option to be used when you have to create a new structure from the

beginning:

3.1.3 - ENTER NEW DATA -
Enter number of points defining the structure, Np ( § < n_p <=200 ) : _

The default value, n_p=0, is used just 1o reset the database. If you enter a number
greater than 0, say 8, the points’ coordinates are asked.

The following coordinates have been entered to create the facet shown in fig.3.1.2.2.1:

Now enter the (x,y,Z) coordinates of each point ...
x(l}= -2 ¥(l)=:2 z(=0

x(2)= 2 y(2)=:2 22)=Q

X(N= 2 y3)= -1 zN=0

x(4)= -1 yd)= -1 z(4)= @&

x(5)= -1 y(5)= L z(5)= 10

x(6)= 2 y(6)= L z{6)= 0

x(M=2 yN=2 zN=0

x(8)= 2 y®)=2 z8)=10

Then the number of facets of the structure is asked:
How many facets in the structure ? { 0 <= n_fc <=80 ) : _

If you enter a number greater than 0, say 1, then you have to specify the definition of
the facet as follows: suppose that the this facet is defined by 8 points, no.1, ..., no.8,
as in the following figure
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Fig.3.1.3 Detinition of a facet in terms of its points

REMEMBER: A MAXIMUM OF 19 POINTS/FACET 1S ALLOWED ...
Now define each facet ...
FACET no.l DEFINED BY N1 POINTS
Enter number of puints defining facet no.l (0 to exit)
Enter numbers identifying facet no.1

Point No.L Point No.2 Point No.3 Point No.d Point No.5 Point
No.§ Point No.J Point No.g

Now, you're in a situation similar to that described in section 3.1.2.4 (Modify
Facei(s)), that is you have 10 accept or reverse the orientation of the facet (the vecror
(A'B',C") should point jnside the sructure);

Is it facet no.l properly oriented (Y) or reverse it {N) <DEFAULT=Y>
(0.000E +000,0.000E +000,4.000E +000) D=0.060E+000 (Y/N) _
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3.1.4 Save Data on Disk
TRid eptiven WS YK 10 dav® B dis yoie dereirare of B ol i
Do you want te save data on disk (Y/N) 7 _

If you answer N (default value), then you simply go back 1o the Main Menu, otherwise

THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS

Save full database (1) or part of it (2) ? _

Entering 1 you're allowed to save the whole database, while entering 2 makes the
following questions 1o appear on the screen:

You can now select the facets to be saved on disk. REMEMBER that the whole
POINT databuse will be saved. You should run aption 1.1.2.1.4 (Kemove

Point{s) from the Database) to remove unused point(s).

SELECT FACETS on raage (1) or choose (2} (DEF=2) ? _

Suppose youn want to save on disk only facets no.6, 7, 8, 9 and 10: then you should
enter a ] and then specify

Select facets from no. § up to no. 1O

If, on the other hand, you want to delete facet s no.6, 8 and 10, then you should enter a
2 and then specify

Sclect facet no. (0 to exit) : §

Select facet no. (0 to exit) : §

Select facet no. (0 to exit) : 10

Select facet no. (0 to exit) : @ {to exit)

Finally, the name of the file is asked:
Enter the name of the file to be saved (*.TXT) : _

If you specify a non existing filename (at least in the current directory), then daw are
stored on disk and you go back to the Main Menu, otherwise if the file already exists,
you are warned

Fite filename ALREADY EXISTS: OVERWRITE (Y/N) ? _
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If your answer is Y, then you overwrite the existing data: be sure that you really want

this, since the old dara file cannot be recovered.

If you answer N, the default value, then the file name is asked again.

3.1.5 Listing of Database

There is the possibility of listing on the screen the coordinates of the points in the
database, the definition of each facet. the two pressure profile vectors and to evaluate
the running sum of some quantities related 1o the facets, such as the number of hits, the
surface area, the number of adsorbed and desorbed molecules.

The sub-menu is the following:

THIS DATA FILE REPRESENTS A STRUCTURE WITH N POINTS AND M FACETS

3.1.5.1 - LISTING OF DATABASE (0 to exit) -

LIST POINT(S) COORDINATES 1 (m
SHOW FACET(S) DEFINITION t (2)
LIST PRESSURE PROFILE VECTORS t {3)
EVALUATE RUNNING SUM OF SELECTED COMPONENTS : (4)
SET NUMBER OF MOLECULES TO BE GENERATED : (5)

ENTER YOUR OPTION : _

We will now examine ali different possibilities:

3.1.5.1.1.List Point(s) Coordinates

Suppose that the data file DAVIS53 is loaded in the database, then selecting this option
you get the following output

# X Y z

1 1.0000 0.6000 0.0600
2 0.9511 0.3990 0.0000
3 0.8090 0.5878 0.0000
66  3.0000 -0.3090 4.0489
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listing the X, Y and Z coordinates of the 60 points in the database.

3.1.5.1.2 Show Facet(s) Definition

This option shows how each facet has been defined, i.e. the list of points (at least three)
defining the facet with the proper orientation (refer to fig.2.1).

In the case of DAVISS3.TXT, you firstly get on the screen a message: it remainds you
that a check is performed on the definition of each facet. In fact, the equation of the
plane containing a facet is obtained simply calculating the vector product of the two
vectors connecting the 3rd point and the 2nd point, and that connecting the 2nd point
with the first. Therefore the other points defining the facet could not lay in that plane.
The real variable SUM in the program shows the running sum of the quantity

" Axj+Bijyj+Cizj+ D=0

for the i-th facet, where j identifies the points defining this facet. When SUM is higher
than a defauit value, 10E-6 in the program, a waming message is displayed

POINT No.j DOES NOT BELONG TO THIS FACET !l

That means that the MC program might lock, i.e. the intersection of the particle
trajectories with this facet might not be found during the simulation, thus causing the
raced particle to be lost. In this case unpredictable results could be obtained. See the
sections referring to the MOLFL.OWR program for further information (section 4.1

{Screen Session)).

It should be noted that, sometimes, values of SUM of the order of 1.0E-4 didn’t cause
any problem during the MC simulation. In any case, you should try to make SUM as
low as possible. Values of the order of 1.0E-8 or lower are simpiy due to round-off

errors in the calculation of the plane/facet equation.

After the wamning message the output is
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Points identifying the facets ...

Facet # 1 4 POINTS: 1 21 22 2 SUM=0.000E+000
Facet #2 4 POINTS: 2 22 23 3 SUM=8.882E-016
Facet # 44 11 POINTS: 60 59 58 S7 56 55 54 53 52 51 41

SUM=3.597E-014
Tota) surface (real facets)=5.62394E+001
<ENTER> to continue ...

The "Total surface (real facets)’ value equals the sum of the areas of all the real fucets, i.e.
those with transparency greater than . Double-sided facets (i.e. those facets with
transparency coeff. Tr>1.0) are taken into account. The Toal surface value should
represent the geometrical surface of the real structure.

3.1.5.1.3 List Pressure Profile Vectors

This option lists the content of the two pressure vectors, i.c. the (maximum) two test
facets used for measuring the pressure profiles. These facets should be rectangular
(four points per facer): each of them is divided into 100 smaller parts as explained in
sections 3.2.2.8 and 4.2.2.8). The test facers are identified by a transparency
coefficicnt Tr=-1.0 and a sticking coefficient S=0.0: supposc that these facet are no,23
and 27, then the list is

# Pri#23] Pr(#27)

1 1.939E+003 2.933E+003
2 3.876E+003 2.877E+003
100 1.760E+002 2.345E+002

Running sum=7.18022E+005 ; Running sum=8.12345E+005
<ENTER> to continue ...

The above list is to be interpreted in the following way:

The first part of the first test surface, Pri1,1} in the program, has been {raversed 1939
times by the panicle wajectories (as specified in sections 3.2.2.8 and 4.2.2.8 the size of
the tirst and 100-th section is one half of the others), the second Pr{1,2] 3876, ..., the
last one Pr{1,100] 176 rimes, and so on for the second test surface. The running sums
reported at the end of the listing are the total number of hits received by the two test
facets.
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If there is only one facer then the first vector is shown twice, while it no facets hac

been selecied as test facets, then both of the vectors are shown as a list of zero's,

Pressing <ENTER> takes you back to the 3.1.5.1 sub-menu.

3.1.5.1.4 Evaluale Running Sum of Selected Components

When you select this option, you may obtain some useful informations about the
geomertry of a structure, such as the surface area, the number of desorbed and adsorbed
molecules, and the r}umbcr of hits. In the following refer 1o section 2.1 (Database
Organisation).

THIS DATA FILE REPRESENTS A STRUCTURE WITH 56 POINTS AND 25 FACETS

Select component (11=Area; 12=Des.; 17=Hits; 18=Ads,; 0=EXIT) : _
If, for instance, you want 1o know the surface area then enter 11.
Sum selected component of facet no. _ through facet no. _

You can specify the whole structure, simply selecting the first and last facet, | and 25:
then you gert the answer

Running sum of component no. 11 = 1.381E+004

To exit this sub-menu you have to enter (, to go back to the 3.1.5.1 sub-menu.

3.1.5.1.5 Set Number of Molecules To Be Generated

You can set the maximum number of molecules to be generated betore the MC

simulation program stops automatically:
No. of molecuies to be generated = 1000000 : n_micl=_

The default value is 1,000,000,
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< Alt-ES > option is invoked, only the ones of a selected fucet. You may 'move’ in the
3.2 Graphic Session facet's database, thus viewing the 23 parameters and atributes of all fucets, just using

- . ; the arrow-keys.
After you've entered new data or read existing data, you may run the graphic session 4

just selecting the option no.0 in the Main Menu.

The third window is a command window, recalling the user which action is taken by

321 Graphic Screen Organisation the program when a function key < F# >, or the combination < Alt - F# > keys are
s due x

pressed (combination means that you have to hold down the < Alt > key and then press

The PC screen, during the graphic session, is divided in 3 windows as follows: one of the function keys < Fit >). It looks like this:

¢cFl><F2><F3><Fd><FS><F6><FT><Fi8><F9><Fl>
Print Axes <P> ReDraw Scale Move PanV  Pix) Home Quit
- LineSty Setect View  Aspect

The first line shows the function-keys, the second line shows the action taken by the
program when you press the corresponding function key (i.c. the F4 function key
' corresponds 1o an option called ReDraw).

The third line shows the action taken by the program when you press the Alt key and
T $ the corresponding function key at the same time (or, better, first All then F#).
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—_—
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1 Bl F3r CFR L ES Y CFE Y < FY O o Fé . (F3 3 . FaB )
Fropt  Anay #3  AeDraw Scale  feuw  Fanv Piar  Howe [T
LineSty selzct Widw  AFPECY Labei

Fig.3.2.1 Graphic screen organisation

The lirst window is the biggest one: it is used to visualize the structure and show the
pressure profiles. There are several possibilities: the structure can be viewed in quasi-
axonometric mode or you can select one out of 3 projections in the coordinate planes,
X-Y, X-Z. Y-Z. Refer 1o the following sections for additonal informations.

The second window is used to look at the parameters and attributes of all of ihe facets
in the database defining the structure (refer to 2.1 (Database Structure)), or if the
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3.2.2. Graphic Session Commands
An overview of all different options available during the graphic session is given, 3222 < F2 > Axes (Show/Hide Axes)
The action issued by this command is simply to toggle between the visualization of the

R L e XYZ axes and their hiding.
3.2.2.1 < FI > Print (Print Screen)

Pressing the function key Fl during the graphic session causes a hardcopy of the N f <
- . - . -9 37 156N L1011
screen (o be seat to the tine printer connected with your PC (if any). Please be sure that P eame  eww asm
. . - 3 -0 Fary -0 Y0rp L1
the printer is properly connected and ready to accept data, otherwise an MS DOS error- v asEe o ane 00000
H - e 11 LR iL] g 00090
handling routine is invoked and the program could be aborted. § 0 ouses o as2F 0 0b
» LRILITY LN L o agan |
. - - - g - . - » & Pert v fur v el
For informations on the compatibility of this command with the printer connected to s waae w0 asos
10 S 3?7 ) L 1T
your PC, please refer to appendix Al (Hardware and Software). 1 e 4y o
12 LS o wss0 o fegd
[} o 0Py o re? 0 aadgo
The following figure hus been obtained using this option. ‘ W v Gst U 0000
15 (1] uoaary P 2000
13 -0 ufey ook a1 ed0d
7 -9 *65%d o Fa10 ¢ 000
i L3 [ ] < 31 9 M7l a AL o Pono
s -5.2327 -9, 156 9 0006 1 a4 #3le 0 1590 4 Guav
2 -6 4810 R IiT] 0 0eoe :I: : :::: -: ::i': : :::g
! o o o008 L 4 otoo - HERD O S0
. - 45%0 ~a #%L0 0 oode : ° e
;] -G 15T -0 sary n 3008 i3 \) weud l-) R3Y 0 7071
F Pt -¢ 3?7 3 000 EL) T EICENY o kR0
7 LRiil] =0 1¥L0 2 Q008 P
e e G boae VRN ER D U ER  RY e LB CBE ) s BT Fe L FE s R ] . enos §7%00
1] 0 s310 -9 4S%D 0 0000 Prin%  Aatd “ Nedram icale nava Fanv ki) Howea duat | Tat ne or NaFs = L1 £
1 03477 -3 afke o 0 ! LoAeisy Sel4ct doak ATBecE Laoe} Fila Jav sdd Bat
1) IR Lt [t ill 2 009¢
[} 0 4310 v 50 [ » -
PP TR M ot Fig.3.2.2.2 < F2 > Axes command. The reference frame is hidden
- 1) [m1il] [T 9 00de
" 0 158% LI TE 0 000
11 -9 158% 9 N 9 gooe
[P Ealill] ¥ L0 0 9000
n =% 7071 0 747y 1 0090
(8] R 271 & 1ENg U go0d
1o e 3927 0 156% 0 0000 3223 < F3 > <P> (Mean Values On Facets)
n & oood -8 .156Y 02977
EH o $308 -8 %5%0 ¢ 1210 . : X X
R T This command is used 1o visualize the average values of several quantities related to the
n o 0De0 R ¢ vEi0 i
facets in the database, such as:
USE ARROuS D AOUE
CF3 . v Rt A B3 s CFR L L FE 6 FT o F e ke B0 | g unped = e
o a N Mo oFCal Ut L L] L. Qurte Tet Ko O0f Ritd = (154
Pnt aas r o Redrawodcaie mow Pau o pla b g | JsTad S0 1) the average pressures exerted by the molecules on the facets defining the structure;
Fig.3.2.2.1 < Ft > Print command. Set the printer parameier al program start-up 2) the adsorption profile, i.e. the number of molecules pumped by each facet or the
(see Appendix A1 (Hardware and Software)). number of photons adsorbed if photons are concerned, weighted by the surface area of

each facer;

3} the desorpiion profile, i.e. the same as 2) but for the desorbed molecules.
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Pressing < F3 > you get the following message:

Show profile of:
Pressure (1), adsorption (2) or desorption (3} 7 _

We now review these 3 options.

3.2.2.3.1 Average Pressure on Facets

The following formulae, according 1o the free-molecular range here assumed (UHV
conditions) and assuming a Maxwetlian distribution of the velocities for the molecules,
give the average pressure P, on the i-th facer having a surface A; [cn?] (29]:

b _4KTZ,_4Qv,
i7" ¢ T CcAN

. . /ERT 41/1
where: c= . M = 1.455x10 M [em/s]

is the average speed of the gas molecules, R is the universal gas constant, T is the gas

temperature in 'K and M its molecular weight; k is Boltzmann's constant, Q is the gas
load (if you give it in torr I/s then you get pressures expressed in torr); Zjis the

impingement rate, in collisionsfem?, given by

Vi
Z=AN

and v; is the numbet of collisions. N is the number of traced molecules.

Note that while you are using the < F3 > option the command window changes: only
the < F1 > option {(Print Screen) can be used, and the arrow keys are not effective.

You can go back to the main screen just pressing < F10 > (Exit), thus exiting this

option.

Ky,

Some comments:

1) the numbers written below the horizontal axis identify the facets;

2) the vertical scale is linear, ranging from 0 up to 4 maximum value (referred to as
'FULL-SCALE VALUE' in the graph) corresponding to the highest average pressure
excrted on the facets of the structure being analysed,

3) the FULL-SCALE VALUE (FSV) can sometimes be used to obtain an estimate of
the pumping speed of a facet as follows.

One of the most impartant equations of UHVY technology is

_Q
b= S

where P is the pressure, Q the gas load and S the puniping speed, therefore an estimate
of §, the pumping speed. can be obtained just taking the reciprocal of the numerical

coefficient multiplying Q. Similar considerations hold also for the < F8 > option (P(x)).
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Fig.3.2.2.3.1 Average Pressure on Facets. It is proportional to the number of hits

received by each facet weighted by its surfice area (twice if double-sided)
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3.2.2.3.2 Adsorption Profile 3.2.2.3.3 Desorption Profile

As before, the numbers below the horizontal axis refer to the facets: The tacets with desorption coefficient greater than one are shown here:
In this case only the four facets with sticking coefficient greater than zero are shown:

_ ) N Sl g Iranggarancy nred  beserption
the first two, no.41 and 42, are the two making-up the enmrance surface (see also next e L1ttt s £ 5 oE 00 ,
section), while the other two, n10.43 and 44, constitute the exit surface. ! o ::"ff““ ,Z?iZZl .
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R U TU Tt Fig.3.2.2.3.3 Desorption Profile. The number of particles desorbed by cach facet,
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3.2.2.4.1 < F4 > ReDraw (Re-Draw Structure)}

Fig.3.2.2.3.2 Adsorpion Profile. The number of particles adsorbed by each facet,

weighted by the facet's surface area, is shown This cornmand refreshes the screen, i.e. draws again the structure and de-selects all the
selected facets (see 3.2.2.5.1 (Seiect)). The same view as shown in figure 3.2.2.1 is
obtained.
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3.2.2.4.2 < Alt - F4 > LineSty (Set Line Style)

The so called 'line style' of the lines corresponding to the edges of the facets of the
structure can be changed. Each line is made up of sequences of 8 points, as follows:

0 PP (solid)

1 [ (dotted)

3 AREEE A (long dash)

3 kb ok BEE & {dot and dash)
4 *nk dhE dRa {short dash)

An integer greater than 4 is treated using the mod function. The most significant byte is

ignored and the low significant byte determines the line style.

As an example, consider the number 100 (decimal)=01100100 {binary): each line
drawn with Line_style =100 is of the kind ~ ** *  ** & > & v

The following fgure shows the structure drawn with Line_style set equal to 0:
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Fig.3.2.2.4.2 Effect of changing the line style. Line stile = 0 means a solid line
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3.2.2.5.1 < F5 > Scale (Set Drawing Magnification)

The scale used to draw the structure can be changed so as to fit in the graphic window

regardless of the real structure's dimensions.

The current value of the scale is shown (and taken as default value), and a new value is
accepted.

The following figure shows the effect of doubling the scale from 4.5 to 9.0: the
structure is displayed smaller, its actual dimensions being unchanged
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7ig.3.2.2.5.1 Drawing scale magnification set equal to 9.0
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3.2.2.5.2 < All -F5 > Select (Select a Facet)
Euch facet in the database can be selected, i.¢. highlighted

The uestion SELECT A FACET : _ is asked: if you enter an integer between | and
n_fc, the number of fucets in the database, then all parameters and attributes of the
selected facet are displayed on the right (window no.2 on the screen).Suppose you
enter 44. Using the 'up’ arrow-key you go 1o the next facet in the database, while
pressing the ‘down’ arrow-key you select the previous one. If you press the ‘right’
arrow-key then the corresponding polygon, i.c. the contour of the selected facet in its
X"Y"Z" frame of reference is shown on the screen superimposing the existing
drawing. Note that the polygon is shown using an arbitrary scale, i.c. it is strewched
'ventically and/or horizontally in order 1o fit the graphic window, which is approximately
square, see fig. 3.2.2.5.1.b), The 'left’ arrow-key, or any function key, leaves a facet
selected (i.e. drawn with a solid line).

Note that when the < Alt - FS > command is issued, the command window is changed:
you can only have a hardcopy of the screen, label the points (< Alt - F9 >), or Exit
< F10 > 1his option.
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Fig.3.2.2.5.2.a) < Alt - F5 > option, sclection of facet no.44
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Fig.3.2.2.5.2.b) < Al -F5 > option: pressing the ‘right’ arrow key the coordinates

of the points defining the selected facet are listed in the graphic window no.2, and the
facet’s polygon in the X"Y"Z" frame of reference is displayed in the first graphic
window. The size of the points’ labels has been set equal to 2 using command < Alt -
F9 > before entering the < Alt - F5 > option

Note that the polygon drawing is not 1o scale: the horizontal/venical scales (L. in the

X" and Y"-directions} are changed in order 10 fit the square window.
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3.2.2.6.1 < F6 > Move (Move View-Puint) 12262 < Alt - F6 > View (Select View-mode}

This option is used to move the graphic window in order 10 be able 1o visualize a Sometimes the possibility of displaying the projections on the coordinate planes (X-Y,
structure, or part of it, which is not positioned in the neighbourhood of the XYZ X-Z and Z-Y) of a structure wrns out 10 be very useful.
origin.

This can be done issuing the < Alt - F6 > command:

The effect of this command is to display the question Move = _: if you enter -2 then
Select view mode:

the structure is re-drawn as follows, moving the view-point in the -Z direction
AXONOMETRIC (1); X-Y (2); Z-X (3); Z-Y (4) : _

The default value is '1’, and this corresponds 10 the view-mode already seen, while the

N eer masart met other possibilities lead 10 the views shown in figures 3.2.2.6.1 a), b) and c).
N LR L N ErI °
13 11%-00 13599 o ) .
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3.2.2.7.1 < F7 > PanV (Pan Verticully)

This command allows you 10 move vertically the graphic window: what veriically
means depends upon the selecied view-mode (< Alt - F6 > command). If, for instance,
you are in axonometric view-maode, and if the graphic window is as that in fig.3.2.2.1,
then the question Pan vert. = _ is asked: answering : 1.5 you get a display like the
following, i.e. you move the view-point downward in the -Y directuon:
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Fig. 3.2.2.7 Effect of the < F7 > PanV commind
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3.2.2.7.2 < Alt - F7 > Aspect {(Aspect Ratio)

Depending on the PC monitor or the graphic printer you're using, all of the previous
graphic displays and hardcopies could look like being squeezed or sirefched : in this
case you can modify the value of a variable called ar (Aspect ratio) in order to get a
satisfying output.

The question Aspect ratio = 1.3276E+000 : _ is displayed: 1.3276E+000 is the
defanlt value, i.e. the one which should make look like round a circumference. If you
enter L, then the foliowing dispiay is obrained:
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Fig.3.2.2.7.2 Effect of changing the aspect ratio
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3.2.2.8 < F8 > P{x)} (Pressure Profiles)

Especially in the particle accelerator field, the possibility of calculating the pressure
distriburion in the vacoum chamber turns out 10 be very usetul.

The feilowing example of application of this option will refer to the data file
ALSIDA. TXT (see section 5.3.1 (Pressure Profiles in Accelerator Vacuum
Chambers)). Two test facets (i.e. facets with transparency coeff.= -1.0) parlle! to the
Z-axis have been selected. Facet no.32 is the one situated where the electron beam goes
through, while facet no.41 is in the so-called antechamber |31]:

The question Lin (1) or log (2) scale 7 _ is displayed. This lets you choose

berween a linear and a logarithmic vertical scale. The default value is logamihmic.

3.2.2.8.1 Linear Scale

Suppose you choose the linear scale option, then you have to answer to two more
questions,

Gas Load Q=_ ; Traced moiecules, n_tot= .

The gas load is the quantity of gas, in torr I/s for instance, desorbed by the structure: if
you are analysing a structure which is a part of a so-called superstructure (see section
4.3 (Multiple Structures; Superstructures)), then you should enter the 1oal gas load
desorbed in the superstructure.

Accordingly, the number of traced molecules should be set equal 10 the number of
molecules adsorbed in the structure or equal to the total number of molecules adsorbed
in the superstructure. Therefore, if for instance you have a superstructure made up of 5
structures then, in order 1o get correct results for the pressure profiles, you should
count the number of molecules generated in all of the 5 structures and assign this
number 10 n_tot. Failing 1o do so, the 5 pressure profiles that you obtain will not have

the same vertical scale.

The default value for both Q and n_tot is 1.0. Tn this case you have to scale properly the
pressure values shown on the vertical scale. The graph of fig 3.2.2.8 a} is obtained.

In our casc {31], the gas load is 8.177E-7 torr Ifs.

50



3] | LLi
TP T R R B wets Mosors mai

. . Js o
Frone Fole s1g.a% =s Bt hpiia arnead vas

: FUth - CALE 'mudE 5 0 ei€E-utd vere ysy |CFEeow torr 1082 b 1 odaskuQl WETIG bl
| i} 13 1 §ivEr001  lysed L1
{ ]l 1601 LEOEA001  f4%l0
1 1 | 281 150E+003  tALIY [
: ” i b LMEEA0n a5Th 3
I " [ [ RTT FUTT ey v
. ¢y 1nsf 0 113 i
' “‘ ! L4 aseheunt  1tluw + I
‘ il 16w La0EeaH0  1i530 PEE I
‘r J\ | FER T ST L15L
| l 289 oL 00l s [E11] !
} ‘ 1 FPRINTTY ST P 1
] 1] 39 9 10YE000 o 1853
P v e ma e
1 B2 2 GOR00R MabLTY o
l ] \( 30% nosgeono 34213 4
| ‘ FLA T ST A [}
I I I 1 000E0A0  1LTEL [
34 000K YUUD  1NIE0 ]
I 1 {37 1 oooksov0 11330 ]
1 i T v o favt scag0on 1M 0
I 14K ObE0d0 1205 L]
1 T N9 B JIVE-R00 16474 [
| K T 417 000Ee000 3IZVIE 0
DOFTEG = FACE! & =3 SOLI0 = FACEF 2 32 (LOWE  FCALLE Nav SIFFER)
} usL ARROMS 10 hOVE
Ferrs B2 FE PRy B FE . < FY ) cFEt F) o 110 7] GeneratadsFaegas © “i,g, 13254
b tne ae nots = seR1R7E
|
L

Fig. 3.2.2.8 1 < F8 > P(x) option. Longitudinal pressure profile, linear scale

3.2.2.8.2 Logarithmic Scale

If you select the log scale option, then after eniering the values for Q and n_tot as
beiore, the program automatically calculates the maximum and minimum pressure (for
both test facets), and displays the decimal logarithm of these values {defauli values)

MAX_PRESSURE=.8.574 ; MIN_PRESSURE=-9.710 .
Enter new max_pressure: _
Enter new min_pressure: _

If you simply press enter twice, i.e. you accept the default values, you obrain the graph
of fig.3.2.2.8 b), while entering -8 and -10, respectively, you let only the pressure
values between 10E-10 and 10E-8 1o be displayed, fig. 3.2.2.8 ¢).
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Note that, for all of the above mentioned possibilities, values lower than, or equal 1o,
zero are set equal to a very small number, 1.0E-30, in order 1o avoid problems when

calculating the decimal loganthms,

3.2.29.1 < F9 > Home (Defauit View-Point)

This command simply takes the view-point back to the default value, i.e. the XYZ
frame of reference shown on the left side of the graphic window.

32292 < Alt - F9 > Label (Show/Hide Point no.)

There are two distinct actions taken by the editor program when issuing the < Alt - F9 >
command, depending on where you are in graphic session: if you are simply looking at
the structure, i.e. you haven't selected neither options < F3 >, nor option< Alt - F5 >,
nor < F§ >, then the following gestion will appear:

Enter size of labelled points:_

You should enter an integer value: this will set the font size for the points being
selected. At program start-up, this size is set equal to 1.

Another question is:

Label all points (Y/N) 7 _

If you answer Y, then all facets in the database are selecied and therefore all points
defining at least a facet are labelied and shown. Unused points are not shown.

Il you invoke < Alt - F9 > while you are in the Select mode,< Alt - F5 > command,
then you can toggle between two different statuses, that is you can show or hide the

point number of the selected a facei(s).

3.2.2.10 < F1¢ > Quit (Quit Graphic Session)

To quit the graphic session simply press < F10 >. You are then taken back to the Main

Menu, Screen Session.
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4. The Monte Carlo Program (MOLFLOWR)

This section and its sub-sections will be devoted to the explanation ot how the Monte
Carlo simulation program works. The environment of this program is very similar to
that of the editor program, i.e. we have tried to keep the two graphic sessions to look
alike. Unfortunately, due 10 memory limitations of the 3.02 version of the Turbo Pascal
compiler used here, some of the opiions of the editor program couldn't be
tmplemented. This resuits in a different command window. Refer also to Appendix A3,

4.1 Screen Session

The screen session of the MC simulation program MOLFLOWR i much simpler then
that of the editor program.

As you invoke the program, entering molflowr from the DOS prompt, a template
recalling the program and asking for the printer parameter is printed on the screen.
Then, you are asked to enter the seed for the random number generator (sce secton 4.4
{Comments About Functions and Procedures)).

Set idum equal to a negative integer vaiue (-32768<idum<0) : idum=_

The same seed, the tnteger variable called idum in the program, always penerates the
same simulation; this is useful for debugging, i.e. when a structure has some problems
such as non well-defined facets, missing facets (holes' in the structure), etc.

Afterwards, you should enter the number of structures 10 be analysed or making-up the

so called superstructure {see section 4.3 (Multiple Structures: Superstructures)).
Hlow many files to be analysed (MAX 15) ? No_of_struct=_

A maximum of about 15 structures is allowed, this number being limited by the
dimension of the stack/heap ares (refer 10 a Turbo Pascal User's Manual). As you enter
the filenames, the program allocates some space on the heap area for the structure
database, usually 1552 paragraphs per structure {24352 bytes). A standard Turbo
Pascal variable called memavail shows you the remaining free space on the heap,
which is displayed.

Then the name of the directory where the data files have 1o be read from (and written in)
15 asked:
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Read data from directory (DEFAULT=current directory) :
“The file names of the No_of_struct structures should then be entered:

File # | = filename 23913 paragraphs free on the heap.

Failing 1o specify correctly the filenames and/or directory generates another request for
the file names.

The drawing magnification factor is then asked: the default value is 120, but you may
change it afterwards, during the graphic session, issuing the command < F5 > (see
section 4.2.1.5 (Set Drawing Magnification)):

Set drawing magnification factor: Scale=_

An imponant parameter for the MC simulation is asked. It's the number of molecules w
be generated before the data of all No_of_smuct structures are saved on disk, not be
counfused with the total number of molecules Lo be generated before the program stops,
n_micl:

Save on disk after n_micl_save molecules pumped (DEF=100):n_micl_save=_

This numiber may affect strongly the speed of the simulation, especially if you
read/write data from/io the floppy disk drive, which is quite slow. Usually a pre-run of
the program is necessary in order 1o find the correct value for n_micl_save. Remember
that you should not set n_micl_save>32767, otherwise an error will be
generated.

In some cases data have to be saved just after few molecules have been generated, say
5, sometimes 1000 is a good value. You will find a good compromise afier
experiencing for a while with the program.

You're then asked 1o re-direct the error messages generated by the program. You can
select between printer and screen:

Send error messages to printer (1) or screen (2) (DEF=2) | _

In the first case be sure that the printer is connected, in the other case the error
messages (if more than one) will overlap on the screen, and therefore you will see only
the last one.
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The outpul of these error messages has the following formuat:

xi yl 21 Fucet no, Siruet.ng. Struet.Pree.nu, llpo L Nao.bad

where x1, yl and 21 are the coordinates of the source point which generated the bad hir,
Facet no. is the facet's number, Struct.no. is the number identifying the structure
(always equal to one if there is not a superstructure), Struct.Prec.no. is the number
identifying the strucmre where the hit before the bad hit occurred (useful only for
superstructures), Tipo_L is connected to the kind of facet (useful to find which pant of
the procedure Find_Length calculated the intersection in the previous hit), No,bad is the
number of bad hits which occurred since the beginning of this simulation (it always
starts from O every time you read data from disk).

Using this information you should be able to find what caused the error, for instance a
missing facet in a structure.

Please note that an error message (bad hit) after many thousands hits may be generated
even if your structures are defined properly: this is believed 1o be due 1o round-off
errors in the calculations, especially in the routine which tries to find if the intersection
point is inside a facet or not (see Appendix A3 (The Monte Carlo Algorithm) for
details). The number of these round-off errors should be very small compared to the
number of molecules generated in the structures.

For instance, running the simulation of the data files LEPQ.TXT, LEPBL.TXT,
LEPB2 TXT and LEPB3.TXT (refer to section 5.3.1), an emror message has been
issued after about 10 million hits (!f).

The last message is
<ENTER> to start the Monte Carlo simulation ...

and after that the program automatically activaics the graphic session and starts the
Monte Carlo simulation. You should see the particle trajectories being drawn on the
screen if your structures are not (oo large or small compared to the drawing
magnification.

The MOLFLOWR EXE version of the program, i.e. the one compiled by version 5.5
of the "Turbo Pascal compiler, has a slightly different set of questions compared to what
we've just seen.
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The output of MOLFLOWR .EXE is simply the following:
<filename> <total number of hits> <total number of generated molecules>

all on the same line, after about 1000 hits have been done. You can stop the program

just pressing < Cirl - Break >.

4.2 Graphic Session

The graphic session of MOLFLOWR closely rescmbles that of the editor prograrm. The
different options will be outlined in the following. The PC screen is divided in three
windows, as already seen for MOLFLOWE, but the command window is different:

cFl><Fl><Fis<Fd><cF5><F6><F7><F8><F9><FIl0>
Print Axes <P> ReDraw Scale Move PanV P(x) Home Quit
LineSty View  Aspect Trace

4.2.1 Graphic Session Commands

As already mentioned, some of the commands available running the editor program
MOLFLOWE have been not implemented here due to memory limitations of the 3.02
version of the Turbo Pascal compiler. Some of the remaining commands are very
similar to those already described in section 3.2 and its sub-sections. The division of
the PC screen into three separate windows, as in the MOLFLOWE editor program, is
maintained (refer to section 3.2.1 {Graphic Screen Organisation)).

4.2.5£.1 < F1 > Print (Print Screen)

Same as before. The printer parameter is to be set at the beginning of the MC simulation
run. Refer 1o Appendix Al (Hardware and Software) for details. Be sure that the
printer is connected, otherwise an MS DOS error will be generated, and you'll be
forced 1o quit the program loosing everything you've made after the last data save on
disk.
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4.2.1.2 « F2 > Axes (Show/llide Axes)
Same as before. You can show/hide the XYZ frame of reference.
4.2.1.3 < F3 > <P> (Mean Values On Facels)

Only the average pressures on the facet of the structure currently being selecied are
shown. For informations about the desorption/adsorption profiles you should use the
arrow-keys to move in the database.

4.2.1.4.1 < F4 > ReDraw (Re-draw Structure)

This command simply re-draws the structure(s) on the screen. It is used mainly to
refresh the image when a lot of particle rajectories have been drawn.

4.2.1.4.2 < Alt - F4 > LineSty (Set Line Style)

The line style can be changed in order to visualize better the structure(s).
Refer 1o section 3.2.2.4.2 {Set Line Style) for details.

4.2.1.5 < F5 > Scale (Set Drawing Magnification)

Sume as before. You can zoom in and out just changing the value of the variable Scale.

4.2.1.6 < F6 > Move {(Move View-Point}

This command is useful 10 visualize those parts of the structure(s) which do not fit the
outpat screen due to their dimensions and/or the selected drawing magnificaton.
Note that only the uxonomewric view-mode is available,

4.2.1.7.1 <« F7 > PanV (Pan Verlically)

Same as before. The panning is vertical, i.e. in the Y-direction, downward for positive
values and upward for negative values.
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4.2.1.7.2 < Alt - FT > Aspect (Set Aspect Ratio)

As belore, you should set this value in order 1w fit the size of the image on the screen of
your PC. The default value is ar=1.3276.

4.2.1.8 < F8 > P(x) (Pressure Profiles)

Only the linear scale option is available. You can visualize the pressure profile along the
(maxiimum) two rectangular facets which have been selected as test kacets for measuring
the 'longitudinal' pressure, i.e. those faceis with iransparency coefficient Tr=-1.0 and
sticking coefficient $=0.0.

Each of the two facets is divided in 100 smaller sections. The length of sections no.2,
3. ... 99 is given by Lx/100, while sections no.1 and 100 are half this value long (Lx
is the 14-th component of the test facet, see section 2.1 (Database Organization). The
following figure shows you the two test facets of file ALSID4.TXT. Refer also (o
section 5.3.1.
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Fig.4.2.1.8 Test facets in data file ALSIDA.TXT: the < Alt - F5 > option (Select a
Facel) of the editor program has been used to highlight them (00.32 and 41)

59

4.2.1.9.1 < F9 > Home (default View-Puint)

The etfect of this command is to take the structure view-point back 10 the initial value,
i.. the XYZ frame of reference is shown in the first graphic window.

4.2.1.9.2 < Alt - F9 > Trace (Show/Hide Trajectories)

This option allows you 10 show/hide the trajectories of the particles during the MC
simulation, A slight improvement in speed is effective when the trajectory drawing is
hidden, but only for structures with a small number of facets.

In fact, for the data file DAVISS3.TXT the program made 2080 hits with trajectory
drawing and 2400 with no drawing, yielding an improvement of about 15%.

4.2.1.10 < F10 > Quit (Quit Graphic Session)

This commund let's you quit the MC simulation session, taking you back 1o the DQS
prompt. There is no data save, therefore you should be careful in using this command.

4.3 Multiple Structures: Superstructures
Let's discuss now about an important issue, the superstructure.

A superstructure will be intended in the following as a set of structures interconnected
together, i.e. the particles gencrated in the superstructure are allowed 1o pass from one
structure to the others.

Superstruciures are necessary if the structure you're going to create exceeds the
dimensions of the database (see section 2.1 (Database Structure)), i.c. if you need more
than 200 points and/or 80 facets to describe a vacuum system.

Far instance, consider the data files PIPELTXT, PIPE2.TXT and PIPE3. TXT (see
section 5.1.3, fig.5.1.3.2}, b), ¢) and d) ): in this case there are 66, 88 and 33 points
and 48, 68 and 26 facets, respectively. Therefore such a supersiructure couldn't be
stored in a single structure, and the analysis couldn't be done,
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It will now be described how 1o tell the program that a molecule leaves a structure to
enter another structure.In order to understand better the following descriptions, you
should run the editor program and look at the three structures separately.

Molecules are desorbed from facet no.23 (inlet), file PIPE3.TXT: they are considered
as transmitted by the superstructure when they reach facet no.1, file PIPEL.TXT.

Once a molecule is generated in PIPE3.TXT, then either it is rejected by the
superstructure (i.e. it is pumped by facet no.23), or it is transmitted to the structure
following PIPEA.TXT, that is PIPE2.TXT. In order 10 do that, the sticking coeff. of
facet no.26 (outlet) in PIPE3.TXT is set equal to 2.0 and its transparency coeff. is set
equal to zero: this tells the program that data corresponding to the second structure in
the superstructure have to be loaded in the database (after saving, on the heap,
PIPE3.TXT).

Also in the second structure, the molecule has two possibilitics: cither it goes back to
the first structure or it enters the third. In the first case the molecule hits facet no.68
(inlet) whose sticking coeff. is equal to 3.0; this tell the program 1o load again the data
corresponding to the third structure. In the second case the molecule hits facet no.67
{outler) whose sticking coeff. is equal 10 1.1: dara corresponding to the first structure
are loaded in the database.

If the molecule is transmitted to the first structure, PIPE1.TXT, then there are two
possibilities, as before: either it is pumped by facet no.1 (outlet), and in this case
another molecule is generated, or it goes back to the second structure. If this is the case,
then it hits facet no.48 whose sticking coeff. is equal to 2.0 (inlet).

Please note the following important consideration: when running the MC program
MOLFLOWR on a superstructure, the way you enter the file names is important: if for
instance you specify the three mentioned files PIPEL.TXT, PIPE2.TXT and
PIPE3.TXT in the reversed order PIPE3.TXT then PIPE2.TXT and finally
PIPLE1TXT, in this case it happens that a molecule desorbed by the first structure
PIPE3.TXT can be transmitted to PIPE2.TXT, but afterwards it cannot go to any other
structure since the sticking coeff. of the outlet facet (n0.67). is cqual to 1.1 and the
program loads the data corresponding to PIPE3. TXT while it should load PIPEL.TXT,
The same thing happens if the molecule tries to leave PIPE2. TXT 1o reach PIPE3.TXT:
the sticking coeff. of the inlet facet (no.68) is equal to 3 and therefore the data
corresponding to PIPELTXT are loaded instead of PIPE3. TXT.
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[n this case an error message is issued (refer to scetion 4.1 (Screen Session)): this kind
of errors are easily discovered since their generation rate is high compared to the

number of molecules generated in the superstructure.

If you have more than one input file for MOLFLOWR but these files do not interacr,
i.e. they describe structures which are not communicating, then in this case we do not
call it a superstructure.

In fact, if you run at the same time 14 out of the 25 data files DAVISab. TXT (see
section 5.1.2 (Transmission Probability of Curved Elbows)), then all of the structures
are shown on the screen, and they seem to overlup. Molecules are generated randomly
in each structure but they cannot leave one structure for another since ihere are not
facets with él:icking coefficient greater than one.

Therefore you can obtain the Monte Carlo simulation for several different structures at
the same time. Al the end, you should use the editor program MOLFLOWE to look at
each structure separately.
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5. Examples and Applications

The iutlowing sections will be devoted to show some of the possible applications of
MOLFLOW, for both molecules and photons.

5.1 Molecular Flow Calculations

The first pan of the examples concerns the calculation of some quantities relevant to
UHY wchnology.

5.1.1 Transmission Probability of a Straight Round Tube

Figure 5.1.1 a) shows a structure, BENCH.TXT, representing a cylindrical round pipe
with a radius R=5 cm and a length L=20(: therefore the rano R/L=40. The sidewall of
the cylinder is approximated by 20 facets, and the inlet and outlet by two polygons with
11 sides {each of them has sticking coeff.=1.0). Each sidewall facet, therefore subtends
an angle of 18 degrees. This approximation is sufficiently good: in fact, the ratio
between the polygonal inlet area and the nR2 real value is 0.9837. Molecules are
assumed to emer the tube diffusely, i.¢. a cos0 emission from facet no.19 is assumed.

The transmission probability is 0.0583 compared to a value of about 0.06 as reported
in {2, 21}. This value has been obtained generating 10100 molecules and 404247 hits
with MOLFLOWR EXE in about 24 minutes.

Figure 5.1.1 b) shows a diffcrent way of representing the same physical structure,
BENCHA.TXT.

Everytime a structure has some symmetry propentics (in this case there is a rolational
symmetry about the Z-axis), then you can introduce one or more mirror facets: they are
identified by a reflection coefficient equal to | {the 22nd component of the facets, see
section 2.1 (Database Organisation)). In this case there are two such facets, and most of
the hits (more than 86% of the 1otal 322270) arc made on them (the smaller you take the
angle between the mirror facets the better you approximate the tmangle to the circle but
the slower becomes the MC simulation). This results in a lowered computing speed for
BENCHS5.TXT (about 3.3 times slower than BENCH.TXT), even if the value
computed for the ransmission probability is about the same, 0.06.

63

The concept of mirror facer will be exiensively used in the following examples.
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Fig.5.1.1 a) Transmission probability of a round 1ube,
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5.1.2 Transmission Probability of: Curved Elbows, Cylindrical Pipes
With Restricted Openings and a Blocking Plate, and Coaxial Pipes

This second example is relevant from an historical point of view. The first applicatons
of the Monte Curlo method concerned this kind of structures [1,3].

First we have created several daa files called DAVISab.TXT, where 'a’ and ‘b’
represent the length of the two arms of the cylindrical elbows. The same set of values
for a and b as in (1] has been studied, just for comparison: the following figure shows
the data file DAVISS3. TXT which has already been used extensively.
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Fig.5.1.2.a) File DAVISS3.TXT: X-Z view defining the parameters a and b.
Compare with values in table IE, ref. {1].

You can verify, just reading all the data files on the auached diskette, that the results
obtained by Davis | 1] are well reproduced and, in some cases, have a betier behaviour.

Another historically important device of high-vacuum technology is the so called
cylindrical pipe with resiricted openings and blocking plate [1). Irs utilization was
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mainly understood as a meantng for reducing the backstreaming of vapours {rom

diffusion pumps.

The dauw file BLKI.TXT represents a 'slice’ of 10" (i.c. there are two mirror planes
(four mirror facets), and the symmewry around the Z-axis is 36-fold). Fig.5.1.2.b}
shows the structure. The ‘real’ facets have been selected with the < Alt - F5 > Select
option, and drawn as solid lines. This data file refers to the case (R/R)2=2,
L/R,=2.8284, where R, Ry and L are, respectively, the outer radius, the inner rading
and the length.

The transmission probability is 8001/21760=3.6769E- 1, compared to about 0.37 as
reported in fig.6 of ref. [1].
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Fig.5.1.2.b) Cylindrical pipe with restricted openings and a central blocking plate.

The blocking plate is represented by 1wo facets, no.3 and 4 (each side). 1f you remove
them, then you pet a cylindrical pipe with restricted openings | 1.

66



The lust data file represenis a so called cylindrical annulus, i.¢. 4 vacuum system
consisting in the space between 1w coaxiul cylinders, inner radius Ro, outer rudius R,
length L 1]: the file name is COAX10.TXT.

Here, again, the concept of mirror fucet has been used. Also in this case the subtended
angle is 10°, while Ry/R=0.25, L/R=10:

5.1.3 Transmission Probability and Conductance of a3 Compound Tube

A superstructure consisting of the three data files PIPELTXT, PIPEZ.TXT and
PIPE3.TXT is used in order o find the conductance of a compound tube, i.e. a non-
straight tube with a varying cross-section, as found in document PM 800 062 PE
(8802) "Turbo-Molecular Pumps' by Balzers AG, Balzers (FL):

The concepi of mirror facet has been used here also: there is a symmetry plane
represented by the XZ plane in the following figures.
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Fig.5.1.2.¢) Cylindrical annulus

The transmission probability is 4804/30150=1.5934E-1, compared 10 about 0.16 as

derived from fig.4 of ref|1].
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The four figures show the three structures separately, and the superstructure:
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molecules are desorbed by the round facet on the right hand side (facet no.23).
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Fig.5.1.3 d) Overall view of the superstructure as obtained running the MC simulation

The conductance C of the superstructure, in l/s, is given by the transmission
probability, T=3040/58005=0.0524 in the present simulanon, times a factor of 5682.6
I/s given by

C=11.77x2.0x AxTEls|

The factor 11.77 is the conductance of a | cm? orifice for N3 at 20° C, A is the inlet
surface area in cm2, 2.0 accounts for the mirror facet (half of the real structures):

substituting, we get
C=297.8 lfs.

This value should be compared to that reported in the referenced publication. There the

superstruciure is considered as made up of four parts, namely:

1) a cylinder dy=25 cm, length 1,50 cm, resistance W [sm-3];

2) a cone inlet dy=25 cm, outlet d2=15 cm, length 12=20 cm, resistance W1 {sm3|;
A} a 900 elbow, da=15 cm, length {3=74.6128 cm, resistance W1y [sm-3);

4) a cone inlet dy=15 cm, outlet d3=20 cm, length 14=20 em, resistance Wy [sm-3);
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If the lollowing standard formulae of vacuum technology are used

Wlm= wOm“n‘ W0p+ WI + sz W'J"‘ W4

Womin=0.011 '—2 = 0.489 |sm )
d;

1 )
Wop= 0.011 - =0.069 |sm y

dy
W) = 0.00826 1= 0.264 |sin
1
dl + dlz
W= 0.00826 ,———=0.235 fsm™]
dyd;
1 .
W5 = 0.00826 > R - = 1.538 fsm
d;
dz + d3
W, = 0.00826 1, ——=0.321 [sm™]
dyd;

W,o,= 2.778 [sm ]

where W is the resistance of the smallest cross-section along the superstruciure,
and Wop is the resistance of the inlet opening, then the theoretical conductance Ciis
obtained taking the reciprocal of Wi

Cip=360 s

which is about 20% higher than calculated by the MC simulation (it is not clear at which
temperature the previously reported quanuties have been calculated, but this should not
affect appreciably the results).

“Fhis shows clearly the magnitude of the variations 1o be expected between conductance

and pumping speed data obtained by application of standard analytical formulae.

n

5.1.4 Transmission Probability of Butterfly and Angle Valves

Now 2 different structures will be shown: both are related to vacuum valves, namely an
angle valve and a butterfly valve [14,15,16].

The tirst data file is LH6802SR.TXT that is the following structure:
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Fig.5.1.4 a) Angle valve, ID Dg=68 mm, relative lift h/Dy=0.25

The inlet facet is no.42, the one on the left (on the XY plane), the outlet is no.48, the
one on the bottom. A mirror facet has been used. Its shape has been set rectangular in
order to minimise the time necessary to find the rajectory intersections on it: in fact, see
Appendix A3, the CPU time taken by the algorithm finding if a point 1s inside a facet or
not, increases almost linearly with the number of points/facet.

Figure 5.1.4 b) shows the MC simulation running. You can change the valve's lift, h,
and thereiore create new data files, using option 3.1.2.5 Translate (and Copy): the
points 1o be translated in the Y-direction are no.78 through 114 included, i.e. the
valve's plate.

If w is the ransmission probability, w=1203/6000=2.0050E-| then the reporied
measured transmission probability w*=(1/w-1)-1 [14] is about (.27 while that
calculated in the present simulation is 0.2508 (1203 mansmitied molecules oul of 6000).
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Fig.5.1.4.b) MC simulation running data file LH68025R. TXT
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The tirst file, LH68LEFT.TXT, has been obtained in the following way;

1} using option 3.1.2.7 (Magnify (and Copy)), magnifying all of the points of
LH6KO25R. TXT by a factor of -1.0 in the X-direction; the structure obtained in this
way is the mirror image of LH68025R. TXT, but ull of the facets are oriented outward;

2) using option 3.1.2.2.6 (Reverse Orientation of Facet(s)), reversing all of the facets
in order to comect the orientation;

3) setung the sticking and transparency coefficients of the mirror facet equal to 2.0 and
0.0, respectively, in order to let the molecules go in the right half of the valve
(LH68RIGT.TXT).

The second file, LH6BRIGT.TXT has been obtained from LHO8025R. TXT simply
changing the sticking and transparency coefficients to 1,1 and 0.0, to let the molecules
go in the left half of the valve {(LHGSLEFT. TXT).

The transmission probability is : w=(5056+45032)/51120=0.1573, and w*=(.2458.

This last result clearly indicates the validity of the mirror facet concept even when
applied to complex sructures.

Another kind of vacuum valve has been studied, a butterfly valve | 15].

Fig.5.1.4.d) shows the geometry of the valve: the contiguration with a=5{" is shown
here, but you could easily obtain other angles of rotation simply rotating points no.39
through 76 using optien 3.1.2.6 (Rotate (and Copy)), selecting the rotauon about an
axis parallel to the X-axis at coordinates Z=0.83, Y=(1.(:: positive angles of rotation
increase the angle o, negative values decrease it. You should not increase ¢, otherwise

a part of the valve disc ‘exits’ through the inlet facel.

Fig.5.1.4 e) shows the axonometric view of the structure.
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5.1.5 Molecular Transmissivity of a Chevron Type Baffle

Chevron-type baffles are commonly used to protect the cold heads of cryopumps from

Vit e the incidem radiation. Therefore the ideal chevron batfle should have a very high
B w b THEE-uu) Tt " - . . N - . .
! 1w In molecular ransmissivity and a very low radiation ransmissivity. This subject has been
i e . studied extensively in the past years [6,8,9.10], in order to reduce LHe consumption
i & L 7YIE-eD) s v

Piowean o an . and compressors’ power,

PR sk FI T3] 11 u

$ 1 740003 L13) o . . . . .

WL a0 R ¢ The molecular ransmissivity will be weated here, that for radiation in section 5.2.2.

It 1 T80 10 o

131 2%3E 00 7y v

el . The data file is BENVEM.TXT, and refers to the case when the chevrons do not

(LI K Ty} 7 o

overlap (P=0) and form an angle of 1200, the diameter of the chevron is d=13.6 cm, it

15 1 real oL 1168 [
16 L 794 -39 [F1il Q9
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Fig.5.1.5.a} Chevron-type baffle.

The molecular ransmissivity is given by Ty = 2170/8500 = 2.5529E-1, compared 1o a
value of about 2.6E-1 as reported in [9]. Note that some of the chevrons ‘'overflow' the
round flange: this was donc in order to have a simpler data input {only one chevron has
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been created and then copied and translated). This fact does not affect the results of the

sunulations.
The following figure shows the top-view, XZ projection, of the chevron-type baffle.

As you can se there is not overlapping of the chevrons (P=0 case in ref.[9]), and the
angle formed by the chevron's blades is 120°.
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Fig.5.1.5.b) Chevron-type baffle: top view

The given transmissivity Ta has a standard deviation of

or= [T (1 - Ty) / 8500]172 = 4.512E-3
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5.1.6 Specilic Conductances of the Vacuum Chambers of Particle

Accelerators

One of the most challenging tasks to fulfil in modern particle accelerators is 1o have a
very low base pressure in order to obtain sufficiently long beam lifetimes and/or small
backgrounds in the experimentat areas. Usually a small bore diameter in the magnetic
clements, bendings, quadrupoles etc., dictates very stringent requirements for the
dimensions of the vacuurmn chamber, and this, in turn, requires a careful choice for all of
the various parts of the vacuum system. In addition to that, very high outgassing rates
are involved, especially in electron/positron machines.

The theoretical conductance of the vacuum chamber, Cy,, is a factor strongly affecting
the average pressure. It depends on the dimension and shape (cross-section) of the
vacum chamber. Usually the following formula is applied

C.,,:f;- 10782y

Ha
A

o

with <v> the average molecular speed, (V)= ./ — M= l,455x1041/ :;1— |lemds]
T

H is the vacuurn chamber perimeter in ¢m, A is the cross-sectional area in cm?, L is the
length of the vacoum chamber in cm, T is the gas temperature in “K and M the
molecular weight. This formula gives approximate results: the more the cross-section is
regular, read circulur, the more it gives good results.

Nowadays, several particle accelerators, mainly synchrowon radiation light sources
[29,31,35-37], use or plan to use multi-charnbered vacuum sysiems, where most of the
vacuum chamber consists in the beam-chamber and an attached ante chamber, usually
connected by means of slots. In this case the application of the above formula is not
allowed, since it assumes that particles enter the cross-sectional area uniformly. This is
not certainly the case, since molecules are desorbed in one of the two chambers only.

It will now be shown the application of MOLFLOW (o the calculation of the specific
conductance of several vacuum chamber configurations, and the results will be

compared with those obtained by application of the mentioned formula.

In the following L=100 cin, 1o get the specific conductance in [l+mys), and M=28 (N2).
For a constant cross-section Cy,=0.6277 AZ/H {l/s].
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Fig.5.1.6.e) ALS U5.0 insertion device vacuum chamber [31}); A=84.92 cm2,
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Note that for all of the shown accelerator vacuum chambers, the beam direction is along

the Z-axis.
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5.1.7 Pumping Speed Calculations for Lumped NEG Pumps

[n the last years, Non-Evaporable Getters (NEG) have increasingly been used in the
UHY systems of many particle accelerators [12,29,30,34-37.41], among many nther

applications.

NEGs for particle accelerators are usually under the form of sirips, and the user has to
find a convenient way of 'packing’ these strips 10 increase both the pumping speed and
the pumping capacity, and therefore the time interval between NEG regenerations.
‘Module' configurations, a folded strip, arc available on the market and frequently

used.

The following application of MOLFLOW shows how to get an estimate of the pumping
speed of a so called Lumped NEG Pump (LNP) proposed for installation in the 8 GeV
SPring-8 synchrotron light source to be built in Japan [30,39].

The purpose is to obtain the pumping speed of a LNP made up of 14 NEG modules
arranged vertically inside a cylindricat body. The pump’s flange is a CF 250,

The idea is to study the LNP pumping speed vs NEG sticking coefficient, s: only the
case where s=0.17, in comparisen with the resuits given in |30}, will be shown.

In order to minimise the CPU time, since the gcometry of the proposed LNP has a 14-
fold symmetry axis, the concept of mirror facets has been applied again, There are two
such facets making an angle of 2n/14 radians. There are 3 data files in the
superstructure: LNPO17.TXT represents the pump's body, and has 5 facets with
sticking coeff. set equal to 2.0 and 5 more facets with sticking coeff. equal to 3.0, in
order to let the molecules go in the 2-nd structure and in the 3-rd. The second structure
represents the first half of the NEG module (it has been divided in two halves since its
total number of facets exceeded 80, the maximum number allowed), and the third the
second half. Their file names are WP1017.TXT and WP2017.TXT.

The pumping speed obtained with MOLFLOW is:
S=14%11.77 *A=(10897+17815)/50500=3258.41 [l/s), compared 10 a calculated value
of 2200 [1/s] and a measored value of 4000 [I/s] as given in ref [30).

Fig.5.1.7.a) shows the LNP body, with the position of the NEG module, while the
other figure shows the adsorption profile on the first half of the NEG module.
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Fig.5.1.7.a) LNP body with a NEG module (1/14-th). Two mizror facets are used
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Pumpling Speed for CO [lis]

The 1ollowing graph shows a summary of the results which huve been obtained by
varying the sticking coefficient of the NEG strip: the etfeciive pumping speed Sy for
€0 ui pumnp's iniet fiange i ploited against the NEG sticking coetiicient, wgether with
an estmate of the conductance of the body of the pump, C.

The lawer can be obtained by the following formula:
1 1 1

C ™ Ser Soom

where Spom is the nominal pumping speed of the folded NEG strip, i.e. the product of
the 11.77 (Vsfcm?] times the strip’s surface [cm?] Gmes the sticking coefficient.
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Fig.5.1.7.¢) Pumping speed at pump's inlet flange and conductance of the body of
the pump for 4 mass 28 gas
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5.1.8 Pumping Efficiency of 3-D Cryopumping Structures

3-D cryopumping structures have been swudied in order to increase the pumping speed
available in experiments with neutral injectors for fusion research (8], Several different
configurations of cryopanels protected by louvre-blind elements cooled to LN3
iemperature have been studied. Here one of these configurations has been studied, see
fig.5 of ref. [R]. The data file HEMM12.TXT corresponding to a spacing a=12 cm
between the pumping structures is shown. An overail pumping efficiency n(a)=0.377

is obtained, thus suggesting a ‘lower limit’ for it, as reported in [8].

L.N7 surfaces are assumed to be as non pumping: molecules are reflected following a
cosine law; LHe cryosurfaces trap molecules with a probability of 1.

The louvre elements are represented by the double-sided facets no.1, 2, ..., 17 and 24.
The cryosurface is facet no.20. Facets no.18, 19, 21 are mirror facets (mirror
symmetry in the X and Y directions).
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Fig.5.1.8 Well consisting of louvre-blind elements. Depth d=30 c¢cm, width s=6 ¢m,
distance a=12 cm. Pumping efficiency n(a)=0.377.
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Changing purameter a, ref.[8], you can obtain the set of results corresponding to that
shown in Table V of ref.[8].
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5.1.9 Sputter-lon Pump

A 120 1fs sputier-ion pump has been simulated. The two rectangular taces, io. M und
31, represent the two cathode-anode ‘puckess’, where actual pumping occurs,
Assigning a sticking coefficient of 0.04 to the two facets, onc gets 4 pumping speed, S,

of
§=11.77+48.45¢2.0¢(1132+1019)/21100 [i/s] = 116,267 + 2.376 [}/s]
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Fig.5.1.9 A 120 Vs sputter-ion pump (VARIAN S1arCell). The actual geomerry inside
the two 'pockets’, where the pumping Penning cells are situated, is not taken into

account
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5.2 Photon Trajectory Calculations

Phis aottian iy deviied 1o A8 appiivation of MOLFLOW w probleima whivh di /ol

involve molecular rajectories, but instead photon trajectories.

The main difference is that photons arc usually assumed to undergo murror reflection
instead of diffusive reflection. Moreover, the ability of surfaces to retlect or absorb

photons is usually described by a factor called reflecrivity, r.

In MOLFLOW this reflectivity is treated as a sticking coefficient: r=1 is obuined seuing

the sticking coeff.=0, while r=0 requires a sticking coeff.=

1.0,

5.2.1 Transmission Probability of a Straight Round Tube

The first structure to be studied is a straight round tube [6]. The data file
BLECHDZ0.TXT represents the casc of a tube with radius R=1, diameter D=2, length

L=40, with reflectvity r=0.5, and a diffuse initial photon distribution.
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Fig.5.2.1 Transmission of light with cosine initial distribution. L/D=20, r=0.5

Referring to fig.5 of ref.[6], here a transmission probability of
(263+232)/71786=6.895E-3 is obrained compared to about 7.0E-3.
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£.2.2 Radiation Transmissivity of a Chevron Type Baffle

In the following, please refer to 5.1.5. The data file is BENVEPLTXT: the geomewy 1s
the same as in the molecular case, but the reflection properties of all of the facets in the
structure have been taken as ‘mirror' (i.e. the components no.22 are set=1.0). The
reflectivity of the facets is taken as r=0.21, the other parameiers, d and h, being the
same as in the molecular case. The radiation enters the baffle diffusely, i.€. a cos®

emissicn from facet no.19 is assumed.

The obtained radiation transmissivity is given by 89/8000=1.125E-2, compared to
about 1.0E-2 as reported in fig.2 of ref. [9].

The given transmissivity Tp has a standard deviation of

o1 =[Tp (1 - Tp}/ 800012 = 1.179E-3

Fig.5.2.2.a) Radiation wansmissivity for a chevron-type baffle [9]
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Fig.5.2.2.b).Fromt view, XY projection, of the chevron-type baflle

[f one sets the reflectivity of the flange facets equal to one, i.c. only the chevrons
absorb the incident radiation, then the optical transmissivity is altmost doubled, its value
becoming 2.2297E-2 (see data file BENVEP.TXT on the diskette).
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5.2.3 Radiation Transmissivity of 3-D Cryopumping Structures

The possibility of ‘packing’ some cryopumping surfaces, thus forming so called
cryopumping arrays has been studied in the past {8] in order 10 increase the pumping
speed in fusion research machines.

The following data file refers to a so called 'well consisting of louve-blind clements’,
fig.5 of ref.|8). Again the concept of mirror facet has been applied, in order 10 analyse
a structure which is not limited in the Y-direction and is mirror-symmetric with respect
10 the two planes X=0 and X=(s+a).

The file name is HEMMP12.TXT
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Fig.5.2.3 Well consisting of louvre-blind elements. Louvre angle is 459, d=30 cm,
s=6 cm, a=12.

Refer to section 5.1.8 for additional informations, The cryosurface is represented by
facet no.20, and the reflectivity of all of the facets is 0.1. The obtained radiation
transmissivity is 168/15000=1.120E-2. This value, not reported in ref.(8), gives an
estimate of the total power o be removed trom the LHe cryo-surtace, an important
parameter for a cryogenic system.
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5.3 Miscellanea

Two more examples of the possibilities of MOLFLOW will be described.

§.3.1 Pressure Profiles in Accelerator Vacuum Chambers

MOLFLOW may be useful for finding the pressure profiles in accelerator vacoum
chambers, For example, let's consider the US.0 undulator vacuum chamber proposed
for the Advanced Light Source at LBL [31].

The data file is ALSID4.TXT. Facets no.26 through 31 included represent the six 600
1/s/60 V/s TSP/SIP pump combinations, with a net pumping speed at the chamber
connecton of 173 Vs, while facet no.19 is the 1450 I/s absorber pump.

The obtained pressure profiles in the beam chamber (facet no.32) and ante-chamber
(facet no.41), are shown in the following figure. These profiles are quite different
compared o those shown in [31], which have been obtained using a so-called 'flow
mode!'. Note that MOLFLOWR had 1o be slightly modified in the P_start procedure, in

order 10 obtain both the thermal desorption and SR-induced desorption as given in
ref.[31].
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Fig.5.3.1 ALS US5.0 undulator vacuum chamber. The obtained average pressure is
32% higher than reported in [31])
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5.3.2 Pumping Speed Test Dome

The procedure of pumping speed measurement for a lumped NEG pump (LNP}
proposed for the ELETTRA sorage ring [|41], following the 'known conductance
method’ is shown {42]).

There is a CF 150 dome with a 1 cm?2 conductance, 2 tubulated gauges, the LNP hody
with the NEG module inside it.

This study has been performed using a superstructure with 2 structures, DOMEQ4. TXT
(the dome), and MODULOM. TXT (the NEG module).

The dome wall is described by facets no.1 through 23, the tubulated gauges by facets
25 through 35 (upper) and 36 through 47 (lower), Facet no.51 is the source facet in the
upper dome. The LNP body is represented by facets no.52 through 64, and the
connections 10 the other stucture (the NEG module} is made via facets no.65 through
70 (sticking coeff.=2.0, transparency=0.0).

Facets no.71 and 72 (transparency=0.0) are used 10 definc the pumping probability at
LNP flange, while facets no.48 and 73 are the two pressure profile facets
(ransparency=-1.0).

The installed pumping speed, Siny, is given by the NEG strip surface (obtained from
data file MODULOM.TXT running option 3.1.5.4 (Listing of Database (Running Sum
of Selected Components))), that is twice the surface area of facets no.1 through 74
(double-sided facets), times 11.77 I/s/cm? times the sticking coefficient:

Sinst = 11.77%2.0%549.5+0.04 = 517.41 I/fs

The effective pumping speed, Serr, at the pump's throat is given by the ratio berween
the hits on the transparent facets no.71 and 72, times 11.77 I/fs/fem? times their surface

area (85 cm?);

Sefr = 11.77+85.0%(2584-1967)/2584 = 238.88 I/s

The measured pumping speed, Speas. measured by the two tubulated gauges (as in the
real dome geometry), is given by the formuia used in the 'known conductance method’

procedure, that is
Smeas = 11.77«P2-P1YP1 = [ L. 77+(7278-363)/363 = 224 21 Ifs

where P2 ans P! are the number of hits on facets n0.33 and 45, the wbulated gauges.
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Fig.5.3.2 LNP pumping speed measurement setup

5.3.2 A 180° Circular Elbow

The three data files CELBOW1.TXT, CELBOW2.TXT and CELBOW3.TXT define a
superstructure representing a 180° circular elbow, with inner radius r=2 cm and
bending radius R=10 cm.

The inlet area A is 11.76 cm?, the transmission probability has been found to be
Tr=(B50(K)-T4724)/85009=1.210E-1, and therefore the conductance C of the elbow is

C=1177=11.76+1.210E-1 = 16.746 1/s

The following figure shows the geometry of the elbow:
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Appendices

Al llardware and Software

This first appendix deals with the hardware and software requirements. Let's start with
software.

The MOLFLOW package, both the editor program {MOLFL.OWE) and the MC
simulation program (MOLFLOWRY), has been originally writien in Turbo Pascal,
version 3.02A, since a real-fime graphic output was available using this compiler while
existing FORTRAN compilers had not the graphic capabilities of the Graphix Toolbox
routines (at least to our knowledge). Therefore the programs suffer in terms of
computational speed and memory capacity due to the very old version of the Turbo
Pascal compiler used, dated 1986,

The drawbacks we mainly:

1) enly *.COM files can be obtained, i.e. there is the limitation of 64 Kbytes for the
maximum size of the compiled code. The possibility of defining so called overlays
pardy removes this limitation,

2) The maximum size of the sum code plus data bytes is 640 Kbytes, as imposed by the
MS-DOS operating system. This is the main reason why the muximum numbers of
points, facets and points/facet of each structure are, respectively 200, 80 and 19 (refer
to 3.2.1 (Database Structure)).

The MC simulation program has been adapted in order 1o be compiled by ver.5.5 of the
Turbo Pascal compiler also, but in this case only the calculations are performed, ie.
there is no graphic output. This version of the compiler, which has code optimised for
the 80387 coprocessor, is about 3 times faster than the 3.02A version. The file
MOLFLOWR.EXE can be found on the accompanying disketie,

A complete upgrade 1o the latest version of the Turbo Pascal compiler and the Graphix
Toolbox library is one of the rasks to be fulfilied in the future, ogether with a
FORTRAN version compatible with both M8-DOS FORTRAN compilers and VAX
VMS FORTRAN.
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Hardware requirements:

You need a PC with at least a 640 Kbytes RAM, a 3.5" floppy and a numeric
coprocessor §0x87. A hard-disk is recommended, since both the editor program
MOLFLOWE and the MC simulation program MOLFLOWR use the overlay files
which are stored on disk. Therefore, if you run the programs on a floppy disk. then
every time you invoke one of the options which are written as overlay files it happens
that you have to wait until the programs load these options in the RAM of the computer.

An EGA graphic card and an EGA monitor are required.

About the PC microprocessor and clock speed requirements, it can be said that an
BO386 is recommended, even if a fast 80286 can be satisfactory. If yon have a slow
80286 or an 8086, then running the programs may result very tedious, since the
graphic windows, the structure and wrajectory drawings, and the MC calculations
become very slow (at least with the 3.01 version of the compiler).

Every time you invoke the < F1 > command, Prinr, then you must be sure that the
output file is of the correct type compared 1o the printer connected to your PC. The
following compatibility table is taken from the Graphix Toolbox User's Manual:

MODE RESOLUTION (points/line) COMPATIBILITY
04,5 640 {Epson mode 4)
1 960 (Epson mode 1)
2 960 {Epson mode 2)
3 1920 (Epson mode 3)
6 720 {Epson mode 6)
Installation of the programs:

In order to install the programs and data files on your PC, you simply have to copy the
content of the accompanying diskette on your hard-disk.

{*) Turbo Pascal, Graphix Toolbox are radenames of BORLAND.

(*Y MS-DOS is a tradename of Microsoft.

(*) All the referenced microprocessors and coprocessors are INTEL products.
(*) VAX is a tradename of Digital.

1

A2 Analytical Formulation of the Transmission Probability of a Tube

It will now be recalled an aliernative approach 10 Monte Carlo simulations which is
mteresting from the historical point of view, and shows the reason why MC

stmulations are very useful.

The following equations have been taken by ref.[3). They give the ransmission
probability W for a tube of circular cross-section, as obtained by Clausing:

L
w =I Wer(x) win)dx + Wgg(l)
o
where w(x) can be obtained solving an integral equation of the form

L
wix) = f W rE-x)E Wik) + W eglLx)

[n the case of a circular tube w{x) has the form

L

3
WK} = 2+ &%) - &%)

(glx)?l 4R2}/2 [(E_,-x]2+ 4R’

\
| g

W(E)dE + o [ [y l/"’+ e 2(Lm)\
[ﬁlxx|2+4R2] ? f

where Wgp, Wgg, Wrp and Wpyg are appropriate functions of R related 1o the
probabilitics of molecular passage and emittance of molecules (assumeng a cosine law
of emission) trom the different parts of the be wall.

In order to solve these equations, Clausing had to made some assumptions about the
form of w(x). He based these assumptions on the necessity of obtaining W=8R/3L for
long tubes, a result previously obtained by Knudsen.

A more recent analysis of this procedure can be found in ref [21].
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axis, to obtain the X'Y'Z' frame of reference, while @ is a rotation about the X' axis

It is casily understood that solving the integral equations 18 noi. a trivial task. The giving the X"Y'Z" frame of reference:
functions Wy, Wgg, Wggr and Wyg can be calculated analytically only when 4
'simple’ geometry is concerned, a cylindrical tube s shown before. In addition to this, X" 1 O 0 X"
it can be said that the integral equaton methoxd is usuaily lengthy. yl={ 0 cosa sina ||Y

. " 0 -sinacosa (‘%
Running MOLFLOWE.EXE on a 33 MHz 80386/80387 PC takes about 22 munuies to
obtain the transmission probability of a cyhndrical round wbe with a length to radius osp O sinp

cos sk o

ratio of 40 (see secdon 5 (Examples and Applications)}. § - e . o )Y("

Z -sinf O cosP [

Therefore, if 4 molecule (or photon) is desorbed by this facet, call it the source facet, in
a direction identified by the two azimuthal and polar angies ¢ and 6, then

Ly LI Adacre A%l
135E-008  ieds [
W2RE-0DY 2086 3
222 uske201 on [
E-wal sl ?
-0y LELL] L]
FRNVP! ST TR Y 4
123E-001 €797 B
1iakwur 7RSS v
2T YR L O} 3
3OA2E-N1 L 4E E
1290 -091 AR ¢ t
1L00-001 ) 4
J¥E T PR} PO
1296001 r 330 ¢
T £ 1IN ¥} v
12100 v 3
5oteal-udt LS o
ERNTTT SUL TR a
Sk 1IPE-00Y uPl o
403 a3E-001  .a83 1
W11 BOCE«000 18533 29803
w11 000R+008 24636 1064
411 3006-600  PiMN EF3 1]
v 4 aavEsdew 232 *237
UsE AkROMS 1D Kdvt |
CRL . bl F3 o i BN CFE) 6 1 FT . o TE o U Fr IV o g aege bumged = 47590 67600
prant wmes  P:  Rebraw Stata  Mswa  Pany Pimy  Meme  duis ] Lot R of BRE S S17EL
Lineisy Sricck U.ew  Aspest Laset Frin daviokd gat |

Fig.A3.2 Source facer, s, emission angles 6 and ¢, and target facet, t

x''= L sin@ cos¢
y'' =L sin@ sing

2" = L cost

Combining the above relations, if we call (x,,y,,z)) the coordinates of the target point

and (x.,y,.z,) those of the source point on the facet, then afier some algebra we ger:

103 105

oy

P

o

i



X=X + L, (sin® cos$ cosP, - sinf sing since_ sinf_ - cosB cosc sinfl)
¥.= ¥, + L, (sin0 sind cosa_ - cosb sina )

\ Z = 2 + Ly (5in0 cosd sinP, + sin® sing sina_ cosP, + cosb cosu_ cosf,)

Therefore, if there are N facets (i.e. planes) and the molecule (photon) is desorbed by
the i-th facet, then the last equations are solved (N-1) times for all facets except the i-th,
et =1,2, ., (i-1), (1+1), ..., N; s = i, with

Li=-(Ax,+B,y,+Cz,+D))/U

U = (A, (sin8 cosg cosP, - sin® sing since, sinf - cosb cosa sinfi) +

+ B, (sin@ sind cosat, - cosB sina) +

+ C, (sin® cosg sinB + sind sing sinc, cosP, + cosb cosa, cosfh))

Each L, is substituted into the previous equation and another check is made: in fact,
cach point (x.,y,,z,)} always belongs to a planc (A x + By + C,z+ D, = (), but
doesn't belong necessarily to the target facet: in fact, a facet is only a part of a plane. A
boolean function in the MC program checks whether the point is inside the facet
contour or not, and accepts or rejects the target point and its L.

The boolean function works as follows. Let's consider the target point in the X"Y"Z"
frame of reference: then the target facet is defined as a polygon in the X"Y" plane.

In order to check if the target point is inside or outside this polygon, it is sufficient to
calculate the sum of all angles formed by the vectors connecting the target point and the
vertices of the polygon [12]: if this sum is equal to 2a radians then the point is inside
the polygon, i.e. belongs to the target facet, while if the sum is equal to zero then the

point is outside.
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Fig.A3.3 A possible algorithm for finding if point P(x,.y,} is inside a polygon or not
[12]. In this case it is outside

This procedure works well but is very time consuming, since it involves a lot of
arctan(x) calculaions. That's the reason why it has been looked for a different
algorithm . A description of it follows.

Let's consider the segments making up a polygon. If we call n_found the number of
segments whose X" coordinates contain x,, and n_updown is a variable which is
increasedd by one if the point lies above a segment and is decreased by one if it lies
below the segment, then it has been found that the boolean function

Inside(n_found,n_updown) ::= (odd(n_found div 2)=not odd(n_updown div 2))
which is the same as

Inside(n_found,n_updown) ::= (odd{n_found div 2) xor odd(n_updown div 2))
is true if and only if the point is inside the polygon (i.e. the facet),

These calculations do nat involve any transcendental function but only sums.
multiplications and boolean evaluations which are faster, We have called odd(n) the
boolean function which is true if and only if the integer n is an odd number: (m div n)
is the integer division; not and xor are the logical negation and the logical exclusive
disjunction respectively. They are standard Turbo Pascal functions. The symbol '::='
means 'defined as'.
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Now an indication about the precision of the MC calculation is given in terms of

statistics:

If Py ; denotes the probability for Nj particles of entering from the i-th facet to reach the
j-th, then the standard deviation | 1,13} is given by

uPiJ=[PiJ(1 -Pid)/Ni]lfz

Fora Pjof 0.2 and Nj = 10,000 one gets a standard deviation o of 4.0E-3.
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A4 Comments about Functions and Procedures; Diskette Contents

Some of the functions and procedures implemented in the Monie-Curlo simulation
program, MOLFLOWR, will be commented in order 1o allow the user o understand
better the program and to modify it if required.

In fact, in author's opinion, it proved to be very useful 1o introduce some minor
modifications in the program in order to analyse the behaviour of several sructures
which have not been discussed in section 5 (Examples and Applications) and its sub-
sections: MOLFLOWR had been successfully modified and then applied to the analysis
of molecular-beam epitaxy experiments [20], the optimization of titanium sublimation

L4

pumps [27,28], the sawration of NEG modules in high-energy eleciron synchromons
(34,37] and o the caiculation of satellite skin-force modelling [38].

A list a some functions and procedures of MOLFLOWR.PAS follows. Refer 10 section
2.1 {Database Qrganisation) for additional informations:

procedure typedef.sys: Graphix Toclbox routines;
procedure graphix.sys: N "
procedure kernel.sys: " R

procedure windows.sys: H

procedure Draw_Ref _Frame: draws in the first graphic window the X YZ frame of

reference;
procedure Draw_Solid: draws the structure(s);
procedure write_P: writes the parameters and attributes of the structure

currenily selected in the second graphic window;
procedure graphic_windows: calls Draw_Solid and Draw_Ref_Frame;

function ran3: random number generator, taken from ref.[43];
function acos: inverse cosine: this is not a Turbo Pascal built-in
function;
function asin: inverse sine, same as above; v
procedure teta fi: random number generator for polar, 9, und azimuthal, ¢,

angles of desorption; diffuse (cos8) und uniform
desorption are implemented here: murror retlection is
implemented in the program: Calls ran3;
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procedure Find Plane eqg:

procedure Find_alfa beta:

procedure Find_Q:

procedure Find _Surface:

function min;

function max;:

procedure Inside:

procedure Inverse transf:

procedure Direct_transf:

finds the equation Ax + BY + Cz + > = ( of the plane
describing a facet in the database, and sets parameters
no.!, 2, 3 and 4 (see section 2.1 (Database Structure));
finds the two angles of rotation o and P of a facet, and
sets its parameters no.5, 6,7, 8, 19 and 20;

finds the polygon describing a facet in the X"Y" frame
of reference (Z"=0): sets facet parameters no.13, 14, 15
and 16; each bi-dimensional polygon is stored in the
array Q_in[i,jk] (i=1, ..., nmf; j=1, ..., nmp_fc;

k=1, 2) at the beginning of the program, just after
reading the data files, _in needs to be re-calculated
throughout the program only when double-sided facets
are encountered (transparency coefficient Tr>1.0j.
calculates the geometrical surface of a facet, without
taking into account its transparency coefficient; needs
Find_Q} to be called first;

gives the smaller between its two real arguments;

"

greater

finds whether the intersection between particle's
trajectory and the plane representing a facet is inside the
facet's contour or not: needs Find_Q to be called first
(see Appendix A3(The Monte-Carlo Algorithm) for
details),

takes the coordinates (x3,y2,z2) in the XYZ frame of
reference 10 (xp,yp.zp=0) in X"Y"Z"

takes (xp,yp,z,,:{)) in X"Y"Z" 10 (x1,y1.21) in XYZ;

procedure Find_structure_des: finds which structure generates a particle; the probability

for a structure of being selected for particle generation is
proportional to the ratio of its desorbing surtace divided
by the total desorbing surfaces of all of the structures.
The array Tot_Des_Suml(j] (j=1, .., No_of _struct), is
the running sum of these surfaces;

il

procedure Find_nl_n2:

procedure Find_n_des:

procedure P_start;

procedure x2y2z2:

procedure Find ELength:

finds the indeces of the (max two) pressure fest facets
(i.e. those facets with transparency coetticient=-1.0).
Calls calculate_des_surf;

finds, for the structure selected by Find structure_des,
which facet generates a particle: the probability

for a facet of being selected for particle generation is
proportional to the ratio of its desorbing suruce divided
by the total desorbing surface of all fucets in the
structure. The array Des_Sum(i] (i=1, .., n_fc), is the
running sum of these surfaces;

generates a particle by calling Find_structure des and
Find_n_des. Then it generates a random puint {(Xp.yp) in
the rectangle defined by xmin and (xmin+Lx) for x,. and
reference (the selected facet's frame): this rectangle
contains the facet. Calls the boolean function Inside

in order to find if (xp,yp) belongs to the facet or fies
outside of it. if Inside is trize then calls Direct_transf o
convert (Xp,¥p,2p=0) in X"Y"Z" to (x,y1.21) in XYZ,
otherwise generates another random (xp,.yp) and calls
Inside again. The speed of this procedure is proportional
to the ratio of facet's area divided by the area of the
mentioned rectangle;

takes the source point (x1,y1,z)) to the targel potnt
(x2,y2,22) after finding the aciual trajectory intersection,
see next procedure;

this is the most important part of the MC simulation
program, where the actual trajectory calculations are
made taking into account the structure's geometry and
the paramneters and attributes of all facets. i_prec is an
integer variable pointing to the source facet, while
i_struct points 10 the curtent structure and i_struct_prec
points to the structure where the particle was before
beirtg on the current source tacet {uscful only for
superstructures, otherwise i _struct_prec is always set
equal 1o i_struct). This procedure scans all facets in the
current structure, except i_prec, and calculates the
length, L, of the intersection (if any) of the trajectory
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procedure write_data: -

from the source facet to all other facews: every ime a
geomerrical intersection is found, i.e. the particle’s
trajectory intersects a facet (function Inside is called o
this purpose}, then a check for a physical intersection 1s
made: this is accomplished by looking at the fucet's
atiributes (it's transparency and sticking coethicients).
When a physica! imtersection is found, Find_l.ength sets
the integer variable imin to the facer's number (index i in
the for i:=1 to n_fc loop...), and the real variable Lmin to
L (the length of the geometrical trajectosy) only if L is
smatler than Lmin, It is as if the procedure would
caiculate the trajectory intersections and lengths with all
faceis and then find the smaller L among them. After
completion of the for-loop on all facets two things may
happen: either a physical intersection has been found
(imin>0) or not (imin=0): in the first case a final
comparison of Lmin with the array LmintreqQ is made:
this unidimensional ammay contains the lengths of the
geometrical intersections between particle's rajectory
and all facets with transparency coefficient equal to zero
(i.e. those facets used only as test facets). Same
comparison is made with Lmin_Pr, i.e. with the pressure
profile test facets (transparency coetficient=-1.0). The
target facet is taken as the source facet for the next
intersection. Before exiting Find_Length, the polar and
azimuthal angles of incidence of the physical intersection
(target facet) are calculated and the number of hits of the
target facet is increased by one. If imin=0, i.¢ no
physical intersection has been found, then the number of
'bad hits' is increased by one and an crror message is
sent either to the screen or 1o the line printer: procedure
Find_Length is left and a new particle is generated.
Find_Length calls x2y2z2, Inverse_transf, Inside, ran3,
Find_aifa_beta, Find_Q and acos. The aumber of these
function and procedure calls is variable, depending on
the geometry of the structure and its facets' auributes.

writes a data file 10 the specified drive/directory;
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procedure read. datu:

reads a data file from the specified drive/directory;

procedure Draw_Ref_Frame; draws the XYZ axis in the first graphic window; '&
procedure Draw_Trajectory:  draws the trajectory of the particles being generated;
procedure Draw_Solid: draws the structure(s);
procedure ReDraw_Window: this procedure simply refreshes the first graphic window:
it calls Draw_Solid and Draw_Ref Frame;
procedure write_P: writes in the second graphic window the purameters and
the antributes of the structure currently analysed;
procedure F3: shows the average pressures on the fucets of the
structure currently analysed, :
procedure F8: shows the pressure profiles on the (maximum) Iwo test
facets (i.e. those facets with transpurency coeff.=-1.0); if
no facet is selected then a message is displayed and you
must press <ENTER> to continue;
procedure key_pressed: ‘reads' the keyboard and accepts the {unction-key code s
s0 as to perform proper actions;
procedure calculate_des_surf: calculates the desorption arvay Des_Sumli], used by
procedure Find_n_des, and calls Find_Q and
Find_alfa_beta; -
procedure Find_nl_n2: finds the two indexes pointing to the (max) two pressurc
test surfaces: calls calculate_des_surf;
procedure templair: writes program’s template on the PC screen;
procedure boundary_conditions: it should be called for analysing supersiructures with
periodic boundary conditions (as for instance in a
periodic particle accelerator). This ast procedure
deserves some detailed discussion, due to its imporiance.
Refer to the superstruciure made up of the four structures LEPQ.TXT, LEPB1.TXT, b
LEPB2.TXT and LEPB3.TXT, describing a 39.5 m long section of the LEP d

accelerator [29]. In this case the sticking coefficient of facet 10.26, u boundary facet, in
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LEPQ.TXT has been set equal to 4.1. This tells the program to load data corresponding
to the fourth structure and to look for a boundary facet with a fractional pan of its
sticking coefticient equal to 0.1, In LEPB3.TXT, facet no.40 has a sticking coefficient
of 1.1, its fractional part being exactly 0.1, therefore the maolecular rajectory is started
from this facet at the proper position and orientation (these values have been stored in
(xp,yp) for the pusition and (polar_angle,angle of incidence) for ¢ and 8, the direction.
The same happens when the molecular trajectory hits facet no.40 in LEPB3.TXT, the
only difference being that the raced molecule ‘exits' from the right of the superstructure
1o ‘enter’ from the left. Some comments:

i) if you need another boundary facet for each structure, then you should set the
fractional part of them equal to 0.2, therefore you would have a facet with sticking
coefficient 4.2 in the first structure and 1.2 in the fourth structure. You can therefore
have a maximum of 9 rectangular boundary facets connecting two structures in a
superstructure, corresponding to fractional pans of the sticking coefficient equal to 0.1,
02, .., 09.

ii) each couple of boundary facets used for the boundary conditions ghould have the
same rectangular shape and dimensions, otherwise the position (xp,yp) on the
corresponding facet of the other structure could not possibly be set exactly, leading to a
'bad hit' condition. If you nced boundary facets with arbitrary shapes then you should
sel their sticking coefficients equal to integer values, but in this case you cannot manage
periodic boundary conditions. Pata files LEPQ1.TXT, LEPBL L.TXT, LEPB21L.TXT
and LEPB31.TXT comespond to the other four mentioned files, but procedure
boudary_conditions is used to allow molecules to 'travel’ in the four structures: as you
can see these last four structures are not positioned following the real geomerry of the
vacuum system they represent but, nevertheless, a correct MC simulation is done. Its
up 10 you 10 create a real geomerry model or not: if not then you should invoke
procedure boundary _conditions in the program just suitably setting the sticking
coefficient of the boundary facet.

For exampile, figure Ad.1 shows the longitudinal pressure profile obtained for the LEP
machine: the agreement with the curve reported in ref{29] is pretty good, even if a
higher average pressure is obtained. The superstructure is made up of data files
LEPQ.TXT, LEPB1.TXT, LEPB2.TXT and LEPB3.TXT. Only two rectangular
boundary facets ('entrance’ and 'exit’ of the periodic cell) have been used.

Figure A4.2 shows the same physical structure represented in a different way, just
using 8 boundary facets instead of 2. Data files are LEPQL.TXT, LEPB11.TXT
LEPB21.TXT and LEPB31.TXT.
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Fig.Ad.I Longitudinal pressure profile for LEP geometry [29]. A grand total of
42498 molecules have been generated
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Fig.A4.2 Same as in A4.l, but using 8 boundary facets calling procedure
boundary_condifions. You can even translate independently the four strucuures and
the MC simulation still runs properly. Only 2999 molecules have been gencrated

116



The accompanying diskente is arranged has a root directory and two sub-direclonies.
122 the root directory B:\ there are the following tiles:

- the two programs written in Turbo Pascal ver.3.02A, both MOLFLOWE.PAS (the
editor program; and MOLFLOWR.PAS (the MC simulation program);

- four ».FON files, the font files for the Graphix Toolbox routines, and an error
message file, ERROR. MSG,;

- the two executable files MOLFLOWE.COM and MOLFLOWR.COM, together with
their overlay files ».000, =.001, eic... . You run the two programs simply invoking
these two files;

- the duta files «. TXT comesponding to the examples shown and discussed in the
User's Guide;

The sub-directory BATURBOS.5 conwins the following files:

- MOLFLOWR.PAS, the ver.5.5 Turbo Pascal MC simulation program (without
graphics). If you have a Turbo Pascal compiler then you can moadify and re-compile

this program;

- MOLFLOWR.EXE, the executable file for running the MC simulation: it is much
faster than MOLFLOWR.COM,

The sub-directory B:\ATT contains the following files, for OLIVETTI and ATT
personal computers which have different EGA graphic boards:

- MOLFLOWE.COM, and the three overlays MOLFLOWE.000, MOLFLOWE.001
and MOLFLOWE.002;

- MOLFLOWR.COM, and the four overlays MOLFLOWR.000, MOLFLOWR.001,
MOLFLOWR.002 and MOLFLOWR.003.

Should your PC not be compatible with any of these configurations, please contact the
author for additional informations.
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