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ABSTRACT
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L. INTRODUCTION

1.1 The Monte Carlo computer program for
studying free molecular gas flow in vacuunm
structures developed at Culham by

J N Chubb[l’z)has been extended under joint
JET and Culham sponsorship to include
modelling of high energy backscattering and

sputtering processes.

1.2 The objective in developing this
program has been to provide a tool which
can be used to investigate and model back-
scattering, sputtering and free molecular
gas flow in practical situations with a
minimum understanding of computer

technology.

1.3 The aim of this report is to describe
the input data required by the Monte Carlo
computer program, the method of running
the program on the ICL 4/70 computer at
Culham

results.

and the output presentation of
Examples of some studies using
the computer program are given in a

companion report SJ.

2 DESCRIPTION OF PROGRAM OPERATION

2.1 An outline flowchart showing the basic
program operation is given in Appendix I.

A general description of the program
operation and the Backscattering and
sputtering techniques is given in Appendix
II.

3. RUNNING THE PROGRAM

3.1 The Monte Carlo computer program Tuns
on the ICL 4/70 computer at Culham. To
run this program, the user must set up the
data file containing the structure
parameters described in section 5, and a
procedure file containing the necessary
job control statements for submitting the
program to the job aueue. To assist the
user in running this program, an example
run is given in Appendix III which relates
to a '"pocket" structure shown in Figure 5.
The example shows the setting up of the
data and procedure files and the submission
of the program to the job queue. The
results output by the program for this
example run are given in Appendix IV.

4. INPUT DATA PRESENTATION

4.1 The input data required by the Monte
Carlo. computer program can be considered

in three sections. The first of these
describes the species and energy of primary
particles, the number to be studied and

the method of their introduction to the
structure. The second section describes
the presentation of the structure as a
series of co-axial cones and cylinders,
and section three describes the data
required to define the substrate materials
used in the structure, together with
sputtering and adsorption coefficients for
each element of the structure.

5. INPUT DATA FORMATS

5.1 Section one of the input data requires
three (optionally four) data cards. The
first of these cards defines the following
parameters in (317, 3F14.7, 7X, I2) format:
ICASE IREF INCONE RINNR ROUTR RCENTR
INAXIS

The meaning of these parameters is described
in Table 1.

5.2 The second data card is optional and
must be specified only when INAXIS = 3.
This card defines the following parameters
in (3D12.5) format:

TAL TAM TAN

The purpose of these parameters is explained
in Table 2.

5.3 The next data card in this section
defines the number and type of primary
particles to be studied using the following
parameters in ( 2I7, F12-3, I4, F12-3) format

NP IPRINT ENERGY IZ1 AM1

The meaning of these parameters is described
in Table 3.

5.4 The last card in section one of the
input data defines the following parameters



in (3I7) format:
NCS NADS NSUB

The meaning of these parameters is given in
Table 4.

5.5 Section two of the input data describes
the structure as a series of co-axial cones
and cylinders. The general form of the
structure handled by the program is illus-
trated in Figure 1. ZEach length element

of the structure is defined by the radii

of the inner and outer surfaces at each end
of the element and by the element length.
Sinceé the output-side radii of one element
are the input-side radii of the next
element, each element may be specified using
only the input-side radii and the element
length. The output-side radii of the last
element must however be specified.
Diaphragms can be simulated by defining

zero length conical elements. It should be
noted that due to the methods used by the
program, all nominally zero length elements
must be treated as of some finite value.

The length is calculated as 2 x 10_3 x the
radial difference between the input and out-
put ends of the length element. Since
inner and outer elements are used, the
length is derived from the maximum of the

two radial differences.

5.6 Each length element of the structure
is specified on a single data card by the
following parameters in (3F14.7,7I3)format:
IADSII IADSAO
ISUBAO

RI RO A MREF IADSOI

ISUBITI ISUBOI

The meaning of these parameters is given
in Table 5.

5.7 Section three of the input data
contains the adsorption and substrate
details indexed in section two (see Table
5). The next NADS data cards define the
adsorption details for the different
surfaces used in the structure, each card
defining the following parameters in
(I3,F8.5,F12.3) format:

IADS ADS1 THRI1

The meaning of the parameters is given in
Table 6.

5.8 ©Since backscattering and sputtering
processes depend upon both incident
particle species and substrate material,
it is necessary to define the substrate
materials in terms of both species. The
next NSUB cards define each substrate
material used in the structure using the
following parameters in (3I4, 2F8.3,F6.2,
2F12.3,D12.4,F7.4) format:

IZA2 AMASS ADEN RNGE RNEN

EMP2

ISUB 1IZAl
STH EMP1

The meaning of these parameters is given
in Table 7.

5.9 The user may find it useful to note
that more adsorption or substrate material
details may be provided than are used in
the structure. This allows a standard set
of these cards to be included with each
different structure with the program in-
dexing only the required details within
the structure defined in section 5.6.

5.10 When graphical output is required
(ICASE > 999) a further data card is
required. This card can contain any
alphanumeric data up to a maximum of 60
characters, and could for example give a

title for the structure being studied.

5.11 It is possible to submit data for
several different structures during one
run of the program. To terminate the

data, the user must supply a single initial
data card with ICASE < O at the end of the

card deck as shown in the example given in

Figure 6.
6.  TIMING

6.1 Since structures vary a great deal
in complexity, it is difficult to give
much guidance on the amount of time the
program will take to run. For the
calculations performed for JET(S), the
average time per particle history varied
from around 0.1 seconds to 0.5 seconds,
In the example given in Appendix III, a
total of around 15 minutes computer time
was required to study 2000 particles. To



assist the user, the program outputs the
average time per particle history. Since
this value will be almost constant for a
particular structure, it is possible to
estimate the amount of time required

for further calculations using a similar

structure.

6.2 On the ICL 4/70, computer time is
allocated to a job in ETU's (elapsed time
units) and 1 hour's central processor
time is equivalent to 1000 ETU's. The
allocation of ETU's to a job is specified
by the time parameter on the "SCHEDULE"
In the
example procedure file given in Figure 7,
a time allocation of 250 ETU's has been

card of the procedure file.

specified representing around 15 minutes’
processing time.

6.3 If insufficient time is allocated to
a run of the program, results are output
for all particle histories studied within

the time available.

6.4 At Culham, computer costs vary with
the time of day a program is run. Users

are advised to run the Monte Carlo program
during the overnight period, since charges
for program store and time units are

least during this period.

7. RESULTS OUTPUT BY THE PROGRAM

7.1 A typical set of results output by
the Monte Carlo program is given in
Appendix IV. These results relate to the
JET "pocket" calculation described in
Appendix III and are printed out in eight
sections. The first section of the
printout gives a listing of the structure
details, together with information about
the primary particle species and its method

of introduction to the structure.

7.2 Section two of the printout has been
included for diagnostic purposes and shows
the tables of direction cosines for angles
of deflection used in the "multiple

scattering model." This section can be

ignored by the general user.

7.3 The third section gives the total
numbers of primary and sputtered particles
adsorbed in the structure, transmitted
through the output-end orifice, and

reflected back through the input-end
orifice. In the example of the JET
"pocket' calculation, the structure was
closed at both ends so that all particles
introduced were eventually adsorbed. The
dispersion, probability and percentage
error factors relate to the statistics

of adsorption, transmission or reflection

events.

7.4 Section four (identified as "Table 1'")
gives the distribition along the structure
of the adsorptions and interactions of
primary and sputtered particles for the
inner and outer elements. Also included

in this table is the distribution of
generated sputtered particles. Element
numbers and adsorption and substrate
index numbers are included to aid
correlation of results with the form of
the structure described in section one of
the printout. The "Adsorptions,"
"Interactions'" and '"'Generated" columns
give the total numbers of those events
which have occurred on each surface of
each element for the total number of
particle histories studied up to the time
of printout. For each element three lines
of output are printed. The first line
refers to events on the inside surface

of the inner element, the second line
refers to events on the outside surface of
the inner element, and the third line
refers to the inside surface of the outer

element.

7.5 The fifth section of printout ("Table
2") gives the distribution along the
structure of the interactions and inter-
action probabilities per unit area of

the primary and sputtered particles for

the inner and outer elements. As in '"Table
1," the element numbers are included and
the output for each element appears on
three lines referring to the inside of

the inner element, the outside of the

inner element, and the inside of the outer
element respectively. The interactions
column gives the total numbers of inter-
actions on each surface of each element for
the total number of particles studied up

to the time of printout.

7.6 The surface interaction probabilities



printed in"Table 2" are calculated as the
number of interactions per unit area of
the element surface per particle studied.
The volume interaction probability
calculated is the average path length per
particle per unit volume within the volume
bounded by the surface of a transparent
inner element (MREF > 0) and its input

and output apertures. Correlation between
surface or volume interaction probabilities
and "pressure”(l)should be applied with
caution because of the dependence of
""pressure' upon the energy distribution

and species of the particles involved.

7.7 The accuracy of the calculated values
of surface or volume interaction probability
is determined by the number of relevant
interactions with the surface in question.
The error values quoted with the results
are calculated on the basis that the number
of events of interest at any particular
surface is subject to statistical errors
arising from the finite number of particles
studied Ny and the finite number of events
If Nl and
will

at the surface of interest NZ'

N, are not too small, the error in N
2 2
(z,7)
be*™?"/:

£(1/N, + 1/N))3

7.8 Section six of the printout gives the
distribution of impact density around the
inside surface of each outer element, for
primary and sputtered particles, so that
the degree of symmetry of particle flow in
the structure may be assessed, This is
calculated from the division of each outer
element into twenty equal segments around
‘the surface and comparing the impact
density in each of these with the average
impact density for the whole surface given
in"Table 2."

actions for each of those calculations has

Since the number of inter-

been reduced by a factor of 20, in
comparison to the number of interactions
for the whole surface, the statistical
errors of these calculations will be
correspondingly large.

7.9 The seventh section gives the
distribution of interactions around the
inside surface of each outer element for

primary and sputtered particles. As in

the elements are divided into
The table gives the

section six,
20 equal segments.
numbers of interactions which have occurred

within each segment.

7.10 The eighth and last section of printout
gives tables of incidence energies of
particles on each surface of each element.
The incidence energy is given as a percentage
of the energy of primary particles on
introduction to the structure. The values
relate to the actual number of particles
interacting with the surface. By extracting
data from these tables, it is possible to
determine the energy distribution of

primary particles backscattered from any
part of the structure. This method was
used to determine energy distributions of
backscattered particles in the JET '"pocket"

calculations(3).

8. VALIDITY OF THE MODELLING USED IN THE
PROGRAM

8.1 Correct operation of the computer
program has been checked during development
to ensure that modelling of backscattering
and sputtering processes gives results
which compare favourably with experimental
results. Test examples have also been
used to check the operation of the various

input law distributions.

8.2 The angular distribution of back-
scattered primary particles was tested using
a copper target structure bombarded with
40keV protons incident at 45° with respect
to the normal. This incidence angle was
obtained by supplying the direction cosines,
TAL, TAM and TAN (see section 5.2), such
that the trajectory of the primary

particles would interact with a small target
which was placed at the centre of a large
The Monte Carlo

and experimental angular distributions

The form of the
angular distribution obtained seems to be

fully adsorbing sphere.
are shown in Figure 2.

in reasonable agreement with the experimental
distribution of 40keV protons backscattered
from single crystal copper given by

Behrisch (455,

8.3 The energy distribution of back-
scattered particles was tested using a
nickel target bombarded with normally



incident protons at 2.5keV and 7.5keV
incidence energies. Normal incidence was
achieved in this study by using the iso-
tropic input distribution law with IREF=1.
The experimental and Monte Carlo energy
distributions for protons incident at
2.5keV and 7.5keV are given in Figures 3
and 4 respectively. The energy distri-
butions obtained from the Monte Carlo
calculations are reasonably similar to the
experimental distributions given by
Eckstein et a1(6).
coefficients obtained from the calculations

The backscattering

were also similar to the experimental

(6)

results

9. SOME USEFUL HINTS

9.1 By setting the adsorption threshold
energy {THR1} of a surface to a value not
less than the primary particle input
energy {ENERGY}, a surface can be made
fully or partially adsorbing, depending
upon the corresponding value of adsorption
coefficient {ADS1} (see section 5.7). This
technique can be used to override the
"multiple scattering model" (Appendix II)
when surfaces are to act as ''collectors."
This method proved extremely useful in the
JET "pocket" calculation given in Appendix
III where a fully adsorbing hemisphere
structure was used to collect particles
backscattered from the "pocket" so that
angular distribution information could be

obtained.

9.2 Sputtering from a surface can be
avoided by setting the sputtering threshold
energy {STH} of the surface to a value not
less than the primary particle input energy
{ENERGY} (section 5.8).

9.3 When using open-ended structures, it
is sometimes desirable to obtain the energy
distributions of particles transmitted or
reflected from the structure. This can be
achieved by including a transparent
diaphragm inner element to cover the open
end of the structure. Transparency is
obtained by setting MREF > O for the
element (section 5.6). The energy
distribution of particles passing through
this diaphragm can be extracted from the
tables .given in section eight of the

printout,

9.4 Structures can be defined to simulate
spheres and hemispheres by joining together
conical elements of various dimensions.
These strucfures are useful for observing
the angular distributions of particles
backscattered or sputtered from target
structures. Example data for a hemisphere
structure is shown in the JET "pocket"
test given in Appendix III. The fully
adsorbing hemisphere is attached by a
diaphragm to the entrance aperture of the
cylindrical '"pocket" and acts as a collec-
ting plate for particles reflected from
the "pocket." The radius of the hemisphere
structure is sufficiently greater than

that of the cylinder, so that reflected
particles appear to originate from the

point of origin of the hemisphere. The
hemisphere structure is made fully adsorbing
and non-sputtering, using the techniques
described above. The interaction probabilities
for each element of the hemisphere can be
plotted against the angle of the surface

of the element, measured from the point

of origin of the hemisphere, to determine

the angular distribution of the particles.

10. FUTURE PROGRAM DEVELOPMENT

10.1 In each of the three sections of
input data (see section 5), fixed format
has been used to aid the user in checking
the data. In sections one and three the
field lengths of parameters involve more
variety than might be desirable. However,
in future developments of the program, some
thought may be given to standardising the
format of the input data to relieve this

problem.

10.2 The generation and backscattering of
sputtered particles has been restricted in
the present version of the program, due to
insufficient information being available
for accurate simulation of these processes.
In the present version, the program has
been restricted to dealing with sputtering
coefficients no greater than unity and
therefore only one sputtered particle may
be generated for any one primary particle
interaction. Facilities have however been
included in the program to handle more than
one sputtered particle from any one primary

particle interaction, and when techniques



have been developed to deal with sputtering
coefficients greater than unity, these
facilities will be available for use.

10.3 In the present version of the program,
sputtered particles are assumed to be

adsorbed at their first interaction, and it
is also assumed that they cannot themselves
cause further sputtering.
development of the program, facilities

During

were included to handle information about
sputtered particles backscattered from
surfaces which might also cause further
sputtering from those surfaces. As
information becomes available, these
facilities may be activated to allow the
generation of sputtered particles to be
more extensively modelled.

10.4 The energy distribution of sputtered
particles is as yet undefined and the
program disregards the energy of these
particles at present. Facilities are
included in the program to enable in-
formation on the energy of sputtered
particles to be handled and as information
becomes available these facilities can be

activated.

10.5 The present version of the graphical
output routine has not yet been modified
to include output for sputtered material.
The scaling factor given in the graphical
output (Appendix IV), is for output on
the Benson-Lehrner Model J graph plotter,
and has not yet been adjusted for the
Calcomp plotter. In future modifications
to the program, the graphical output routin
could be extended to give interaction
probabilities for sputtered material and
the scaling factor adjusted to suit the

Calcomp plotter.

10.6 Future development of the Monte Carlo
computer program will depend largely upon
user requirements and comments and
suggestions from users will be appreciated.
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Table 1:

Definition of parameters for data card described in section 5.1

PARAMETER

CARD
COLUMNS

DEFAULT
VALUE

DESCRLPTION

ICASE

1l to 7

Mandatory

This is the number of the case being studied. Since
this value also defines the starting point for the
random number sequence, in the program it is necessary
to change ICASE for a second run on a particular
structure if any improvement in accuracy is hoped for
by the mixing of the two sets of results.

ICASE > 999 will cause the necessary instructi'ons to be
performed to produce graphical output.

ICASE < O stops the program.

IREF

8 to 14

This value determines the angular distribution of
primary particles entering the structure from the

surface defined by INCONE, RINNR, ROUTR, and RCENTR.
IREF = O gives a cosine input distribution.

0 < IREF < 180,000 gives an isotrcpic distribution into
a cone of half angle IREF/1000.

IREF > O gives input along the positive axis direction
and

IREF < O in the reverse direction.

IREF > 180,000 gives a C052 distribution.

INCONE

15to02l

Number of the length element at whose entrance plane
the primary particles are to be introduced.

RINNR
and
ROUTR

22to35

36to49

RI (INCONE)

RO (INCONE)

The inner and outer radii of the annular surface from
which the primary particle histories start, with random
choice of position over the annulus.

RCENTR

50to63

0.0

The displacement of the centre of the annular surface,
defined by RINNR and ROUTR, from the system (z) axis
along the x direction.

INAXIS

71to72

Chooses the direction of the axis along which the
primary particles are introduced within IREF choice of
distribution.

INAXIS = O along z axis
INAXL S 1 along x axis
INAXI S 2 along y axis
INAXIS < O along-z axis

INAXIS = 3 causes the input distribution defined by
IREF, RINNR, ROUTR, and RCENTR to be ignored and an
extra data card to be read specifying the direction
cosines to be used for input to the structure.




Table 2: Definition of parameters for data card described in section 5.2

CARD DEFAULT
PARAMETER COLUMNS VALUE DE SCRI PTION

TAL 1l to 12 Mandatory These parameters give the direction cosines
from the x, y and z axes respectively which
are to be assigned to all primary particles on

TAM 13to 24 Mandatory input to the structure. The primary particle
histories are started from the (INCONE)th
element and centred RCENTR from the system

TAN 25to 36 Mandatory axis along the direction of the x axis.
These directions cosines are normalised by
the program such that tar? + maM? + Tan?=1.0

Table 3: Definition of parameters for data

card described in section 5.3

CARD DEFAULT
PA DESCRI PTI ON
BREMETER COLUMNS VALUE
NP 1l to 7 Mandatory The number of primary particle histories to be
studied.

IPRINT 8 to 14 Mandatoxry The number of primary particle histories to be
studied per interval between printing out
results.

ENERGY 15to 26 Mandatoxry The energy (eV) of the primary particles on
entry to the structure.

IZ1 27to 30 Mandatory The atomic number of the primary particle
species
AM1 3lto 42 Mandatory The atomic mass of the primary particle

species.

Table 4: Definition of parameters for data card described in section 5.4
CARD DEFAULT
DE SCRIPTION
PARRMETER |  eoLumns | VALUE
NCS 1l to 7 Mandatory The number of length elements in the
structure.
NADS 8 tol4d Mandatory The number of sets of adsorption coefficient
details used in the structure.
N SUB 15to021 Mandatory The number of sets of substrate material

(maximum 3)

details used in the structure.




Table 5: Definition of parameters for data card described in section 5.6

CARD DEFAULT
PR

RAMETER COLUMNS VALUE DE SCRIPTION

RT 1 told Mandatory The radius of the inner surface at the input-
end of the element.

RO 15to28 Mandatory The radius of the outer surface at the input-
end of the element.

a 29to42 Mandatory The axial length of the element.

MREF 43to45 0 MREF = O allows scattering and sputtering
from the inside and outside of the innexr
surface.

MREF > O makes the inner surface transparent
so that particle trajectories pass through un-
deflected. The number of interactions on
transparent surfaces are recorded and used to
calculate the volume interaction probability
for the inner elements as described in section
7.6

IADSI 46to48 Mandatoxry Index number of adsorption details for inside
of inner element.

IADSCI 49to51 Mandatory Index number of adsorption details for outside
of inner element.

IADSAO 52to54 Mandatory Index number of adsorption details for inside
of outer element.

I SUBII 55to57 Mandatory Index number of substrate details for inside
of inner element.

I SUBOIL 58to60 Mandatory Index number of substrate details for outside
of inner element.

I SUBRO 61lto63 Mandatory Index number of substrate details for inside

of outer element.

At the end of the sequence describing the above parameters for all NG elements of the
structure, there must be a further data card giving the output-side radii of the last

element, RI (NGS+1) and RO (NGS+1) in

2 F14.7) format.




Table 6: Definition of parameters for data card described in section 5.7

PARAMETER

CARD
COLUMNS

DEFAULT
VALUE

DES CRL PTION

IAB

1. %6 3

Mandatory

The index number of this set of adsorption
details. This number corresponds to one of
the index numbers defined by IADSII, IADSOI
and IALBAO.

ALDS1

4 toll

Mandatory

The adsorption coefficient for all surfaces
with index number IAIS.

THR1

12t023

Mandatory

The threshold energy (eV) below which the
adsorption coefficient becomes effective.
Primary particles with energy greater than THR1
will penetrate into the solid and be followed
using the "multiple scattering model." (ee
Appendix II) .

Table 7: Definition of parameters

for data

card described in section 5.8

CARD

DEFAULT

PARAME' ESCRIP
TER COLUMNS VALUE DESCRIPTION

ISUB 1l to 4 Mandatoxry The index number for this set of substrate
details. This number corresponds to one of
the index numbers defined by ISUBII, ISUBOIL
and ISUBRO.

IZa1 5 to 8 Mandatory The atomic number of the incident primary
particle species. This number should
correspond with the value IZ1l (see section
5.3).

IZAZ 9 tol2 Mandatory The atomic number of the substrate material
for all surfaces with substrate index number
ISUB.

AMASS 13to20 Mandatory The atomic mass of the substrate material.

ADEN 21to28 Mandatory The density (GM.cm~3) of the substrate
material.

RNGE 29to034 Mandatory RNGE is the range (microns) of the primary

and particle species incident on the substrate

RNEN 35tod6 Mandatory with energy RNEN (eV). From these values the
program calculates the range for any given
incidence energy.

STH 47to58 Mandatory The sputtering threshold energy (ev).
Sputtering of the substrate material can only
occur when the energy of the incident primary
particle is greater than STH.

EMP1 59to70 Mandatory Empirical values A and B respectively used in

and the sputtering equation (see Appendix II).

EMP2 71to77 Mandatory Typical values (for Ht on Mo) are 8.99 x 10-3

and 0.017 respectively.

10




Number Backscattered (Arbitrary counts) —»

RO(3)
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Fig.l The general form of the structure handled by the program.

Experimental (Behrisch ) (Normalised at 105° 40keV)

——————— — Monte -Carlo (Best fit ) Backscattered above 10eV

-——— Monte -Carlo (Best fit) Backscattered above 8keV

Angle of Incidence B8=45° with Respect to the Normal

1 1
_50 T 150 350 550 750 950

0 = 45° Angle Backscattered [3=(180°-8) ——

Fig.2 Angular distribution of backscattered particles for HY incident on
copper at 45° with respect to the normal.
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Fig.5 The cylindrical “pocket™ structure used in the JET calculations.
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//
/"
//
/7
/7
7/
//
/S
//
/7

LOGIN ABEDEF»123456
REPLACE ABCDEF: FRED.RUNJET(S) -

SCHEDULE JNCMCO:KEITH-MCHU8+250 101

CONFG RSP=2G09,STORE=470

FILE DSET97sRA+ABCDEF: FRED-DATA(SGO1G)
FILE GRIDFLsRA+ABCDEF:FRED-GRAPHS(NOG1G)
EXEC ABCDEF:FRED.DSET39(S)

LOGOUT
ENDIPT

Fig.7 The procedure file for running the Monte Carlo program.

Notes:

1.

The user's own username and password
must be supplied for LOGIN.

2. File-identifiers, except for the
program-name JNCMCO:KEITH, MC@8
should be replaced by the user's
own specifications.
1-0
s 09
]
i | os
]
o 5 07
Lwn 2
53§ 08
a. n kS
w . o 05
39 £
E s > 0.4
vT= 5
28 & o3
g 02
S
4 041
0
0 10 20 30 40 50 60 70 80
Angle of incidence relative to local normal ——
Fig.8 Variation of sputtering coefficient with angle of incidence.
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Appendix I

Input
rest of
data

“Print
interval
za%he-

Check Calculate
data for element for
errors first interaction No—-@

Calculate

note 2} —_ ] data for
following

particles

QOutput
case
data

Outline Flowchart of Monte-Carlo Program — Main Segment. Routine MAIN @8 (F).

1. A negative case number indicates the

end of input data.

2. Data required for following narticle
trajectories includes the distance to the
cone apex and the sine and cosine of the
cone half angle for each length element

of the structure.

3 Segment TABLE - routine TABLE8(F) -
is used to set up tables of direction
cosines of angles of deflection for use
in the "multiple scattering model" for
following primary particles through the
substrate.

4. Segment RANDP1 - routine RAND@B(F) -
is used to generate direction cosines
within a given distribution for primary
particles entering the structure at a

given entrance plane.

B Segment RINGP1l - routine RING@B(F) -
is used to follow each primary particle
history through the structure. RING@1

calls other routines to determine
sputtering, backscattering and adsorption
on interaction with any element of the
structure. When sputtered particles are
generated, RINGPl follows their histories
through the structure before returning

to follow the primary particles.

6. Segment QUT@1 - routine OUT@P8(F) -
is used when insufficient time is left to
follow another primary particle history.
This routine calls segments PRINT1 and
GPPAK1 to output results before

terminating the program.

T Segment PRINT1 - routine PRINTE(F) -
is used to evaluate and output statistical
results after each print interval and when

"timeout' occurs.,

8. Segment GPPAK1l - routine GRAFQ@8(F) -
is used to plot the structure and inter-
action probabilities for each case studied.
This routine is only called when case

number > 999.
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Appendix II Outline description of program operation

1. Introduction

1.1 Primary particles are input to the structure within a chosen input area, with a
chosen input angular distribution and with a chosen energy and atomic mass and number.

On interaction with a surface in the structure, the program uses Monte Carlo techniques
to determine whether or not a sputtered particle is generated from that surface. If a
sputtered particle is generated, it is assigned an energy and direction cosines using
Monte Carlo techniques. This sputtered particle is identified by the atomic mass and
number of the surface from which it is generated. The direction cosines and co-ordinates
of the incident particles are temporarily saved in a table, and the path of the sputtered
particle is followed until the particle is adsorbed on a surface or exits from the
structure. When the history of the sputtered particle is terminated, the program returns
to study the incident species particle. The incident particle is followed through a
series of nuclear collisions within the substrate material until it is either adsorbed

or is backscattered from the surface with a reduced energy and new :direction cosines.

If backscattering occurs, the incident particle is followed until its next interaction
with a surface, and again sputtering is examined. The incident particle history is
terminated when the particle is adsorbed on a surface or exits from the structure. When
the primary particle history is terminated, another primary particle is input to the
structure and studied. When a suitable number of primary particles have been studied,
the program terminates the study of the structure.

2 Backscattering

2.1 The backscattering of primary particles is determined by a "multiple scattering
model." The particle is followed through a series of nuclear collisions in the solid
until it is adsorbed or is backscattered to the surface with a reduced energy and new
direction cosines. Adsorption occurs when the primary particle energy has reduced to
such a value that it cannot escape back to the surface.

2.2 The particle trajectory in the substrate is considered in terms of a series of
steps with the length of each step adjusted so that the maximum value of the scattering
impact parameter does not cause an angular deflection greater than 20°. The actual
value of the impact parameter for interaction in a step length is determined by random
number choice. The angle of deflection at scattering events is calculated using an

exponentially screened Coulomb field model(s).

Screening length

g ao/{zlzf’3 + 22%6}5 (1)

where ag is the Bohr radius and Zl and 22 are the atomic numbers of the incident and
target atoms respectively.

Collision diameter

b=z 2, e/ mvdy (2)

where e is the electron charge (e.s.u).
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Angle of deflection

" Z -1 =
6 = 2 cot % {ﬁz—%%?} + gaR OIO (YO : - Y %)dz (3}
y =1 - (p/a)? 2% - (b/a)z exp (-1/2) (4)
yo = 1 - (p/a)? 2% - (b/a)z exp (-1/2) ()

where p is the impact parameter and Zs is the root of equation (4).

The angle of deflection & is in "centre of mass system" and is converted back into
""Laboratory system' by the program.

2.3 The calculation of the angle of deflection using equation (3) proved to be extremely
time consuming. To reduce the calculation time a look-up table anproach has been adopted
with linear interpolation between the nearest neighbour values in the table. An example
look-up table of direction cosines of angular deflections for a range of impact para-
meters and incidence energies is shown in section two of the printout given in Appendix
IV. At each nuclear collision the program enters the table for the substrate material
involved with the energy and impact parameter of the incident particle and returns with
the angle of deflection. The impact parameter is chosen using Monte Carlo techniques.
The new direction cosines and the depth of the particle in the solid are calculated and
the trajectory followed until the particle is either backscattered or adsorbed.

2.4 As the primary particle is followed in the solid, its energy is reduced due to
the effect of "electronic stopping.'" The energy of the particle after moving through a
given distance is given by Ishitani and Shimizu(g)as:

E(y) = E, (1-y)° (6)
E0 is the energy of the primary particle on interaction, and y is obtained from:
y = x/R (7)

where x is the distance travelled in the solid and R is the range of the particle at
interaction with the surface.

The range R is input as a parameter with the structure data for the program.

2.5 The energy of the primary particle is also reduced by ''nuclear stopping'" where
particles undergo a significant deflection - which in our model is above 20°.

The equation used by Ishitani and Shimizu(g)for the energy of the primary particle
after a nuclear collision is given as:

_m2
E = CEj (8)
-A cos 8 + (1 - A% sin? 9)?
where C = Ty (9)
M1
d A =
aTl ME (10)

Here 6 is the angle of deflection in the Laboratory system and Ml and M2 are the atomic
masses of the incident and target atoms respectively.

2.6 The interpolation on the tables of angles of incidence, and the generation of the
tables themselves (2.2), has so far been based on only one incident and one substrate
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material (H+ on Mo). Further investigation of the interpolation method and the mesh
structure of the tables may be neceded to cater for other materials as well as to improve

accuracy in certain regions of the tables.

i Sputtering

3.1 When a primary particle interacts with a surface, the program checks if sputtering
of the substrate material has occurred. The equation used for calculating the sputtering
coefficient for normal incidence angles as a function of incident energy and substrate

material is given by Hotston[lo]as:

5 = exp (-0.017 E) (11)

where E is the incident energy (keV)
EC is the threshold energy (0.17keV for Mo)
and A is a variable (8.99 x 10”3 for M0)+

For primary particles with energy above the threshold energy [Ec) the program
calculates the normal incidence value of sputtering coefficients from equation (11).
Using this sputtering coefficient the program calculates the probability of a sputtered
particle being generated as a function of the incidence angle of the primary particle.
For incidence angles below 70° with respect to the normal, the probability of sputtering

p is calculated as:
p = s/cos 6 (12)

where S is the sputtering coefficient at normal incidence and 6 is the angle of incidence.

Equation (11) models the curve given by Behrisch(ll)for sputtering of polycrystalline

Nb by light ions. It is assumed that this equation also models sputtering yields for Mo

(12)

For angles (8) up to 70% with respect to the normal, McCracken suggests a (cosB)
relationship. The variation for angles above 70° is still uncertain and for our model
we have chosen an arbitrary linear relationship reducing from a peak at 70° to zero at
grazing incidence. The overall form of variation of sputtering coefficients with

incidence angle, as used in the present program, is shown in Figure 8.
For angles above 70° a linear relationship is used, as:

p = cos 8 . s/cos2 B (13)

where B is 70°.

The decision on whether a sputtered particle is generated or not at any particular
interaction of a primary particle with a surface is based on the choice of a random
number and comparison of the number obtained to the value of p derived as above.

3.2 Although the program at present only allows one sputtered particle to be generated
at any one interaction of the primary particle, facilities are included to follow more

TRecent studies by Bay et a1(13]for H* incident normally on Mo indicate that sputtering
coefficients may be around a factor of 3 lower than obtained from equation (11) with the
parameter values quoted. More accurate modelling of H* on Mo should be achieved by re-
ducing the empirical value A to around 3.0 x 1073. This parameter is read into the
program as EMP1 (see Table 7, and section 5.8).
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than one sputtered particle generated from any interaction. The program also assumes at
the moment that all sputtered particles will be adsorbed at their first interaction with
a surface, and the sputtered particles cannot themselves cause sputtering. The program
has facilities to allow sputtered particles to be backscattered on interactions with
surfaces and to cause further sputtering from those surfaces. As information becomes
available these facilities can be activated to allow the generation of sputtered
particles to be more accurately modelled.

3.3 The energy distribution of sputtered particles is as yet undefined, and the program
disregards the energy of these particles at present. In further development of the
program, it may be desirable to give the energy distribition of sputtered particles. The
angular distribution of sputtered particles is at present assumed to be cosine but
alternative distributions could be implemented if information is available.
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Appendix III

Appendix III, Example run of Monte Carlo program

The example given here was used in the "pocket' calculations performed for JET(3).
The aim of this particular calculation was to determine the amount of backscattered and
sputtered material reflected from a cylindrical "pocket" structure of length to diameter
ratio 2:1 when bombarded with protons with energy of 1keV. The backscattering and
sputtering coefficients obtained for this structure could then be compared with results
for a "plane surface'" structure to determine the reduction in flux of backscattered
particles and sputtered material achieved by the 'pocket" structure.

The "pocket" structure used in this calculation is illustrated in Figure 5. The
"pocket'" is made up of several equal length elements so that the printed results will
give some idea of the distribution of interactions and adsorptions within the "pocket".
A fully adsorbing hemisphere structure was attached to the input-end orifice of the
"pocket" by a diaphragm and another diaphragm was used to close the output-end orifice
of the structure. This resulted in a fully closed structure with the hemisphere acting
as a collector for particles reflected from the "pocket," enabling angular and energy
distribution to be extracted from the printed results.

The primary particles (protons) were introduced uniformly over the entrance aperture
of the "pocket'" INCONE = 19 - within a cosine distribution of incidence angles - IREF = 0 -
and with energy of lkeV - ENERGY = 1000.0.

The card deck for setting up the data file for this calculation is given in Figure
6. The procedure file containing the necessary job control statements for running the

program is given in Figure 7.

The job is submitted to the job queue by issuing the following commands:

//LOGIN ABCDEF,123456

//REMJOB ABCDEF:FRED.RUNJET(S)
//LOGOUT

//ENDIPT

When the job has been run, the graphical output file - ABCDEF:FRED.GRAPHS(N@@1@) - is
submitted for processing by issuing the following commands:

//LOGIN ABCDEF,123456

//GRAPHS NARROW,ABCDEF:FRED.GRAPHS (N@@10)
//LOGOUT

//ENDIPT

The results obtained from this calculation are given in Appendix IV.

Notes

1. The username and password together with file-identifiers used throughout this
example should be replaced by the user's own specifications.
2+ New users of Multijob should refer to the "Multijob Using Remote Terminals" manual

for further information on running jobs and setting up files.
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Appendix IV

I[N THE TABLE LISTING THE DISTRIBUTION NF ADSORPTIONS AND INTERACTIONS THE SURFACE INTERACTION PROBABILITIES
(OMNAICI)) AND C(DHUAOCI)) ARE CALCULATED AS THE NUMBER nNF INTERACTIONS OCCURING IN THE (I1)Td ELEMENT PER UNIT SURFACE AREA
OF THE ELEMENT PER PARTICLE IiITRUDUCED INTO THE SYSTEM

(DMHADCI)) MULTIPLIEL RY THE NETT GAS FLOW INTO THE STRUCTURE

[F THE STRUCTURAL DIMENSINNS ARE IH THCHES THEN C(DMNAT(I))UR
FOR HYDROGEN

I4 LITREL.TORR PER SEC, AND DIVIDED BY 264,00 GIVES THE PRESSURE AT THL (I)TH ELEMENT IN TORR.

THE VOLUME INTERACTINY PROBABILITY IS THE AVERAGE PATH LENGTH PER UNIT VOLUME OF THE INNER ELEMENT PER MOLECULE
EITERING THE SYSTEM, ASSUMING AMAIENT TEMPERATURE MOLECULAR EWERGIES THE EFFECTIVE PRESSURE IH TORR WILL BE

(VOLUME ITERACTINN PROBABILITY)*(GAS INFLUW(T.L.SEC=1))/G
WHERE G=1140 FuR HYDROGEN, 304 FOR HNITROGEN, AHD 250 FOR ARGON,
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HONTE CARLO PROGRAM & ON 4=T0

(10,1270 )

CASE HUMBER 1011 20313

MOLECULAR HISTORIES INITIATED AT ENTRANCE PLANE OF NUHBER

123 31/08/77

FROM ANNULAR SURFACE BETWEEN RADII 0.0000000

1.000

WITH INPUT

ODY0 CENTERED 0.

EHERGY OF 1000.000

COSINE INPUT LAW-

AND

19 CONE

0000000 FROM THE SYSTEM AXIS ALUNG X AXIS

EV

ALONG THE DIRECTION OF THE Z AXIS.

~==ADSORBTION INDEX NOu=-=

COSINE REFLECTIUN LAW
ATOMIC HUMBER OF PRIMARY PARTICLES = 1
ATOMIC MASS OF PRIMARY PARTICLES = 1.000
1HPUT TABLE
CJUMPONENT NO. INHER RADPIUS QUTER RADIUS LENGTH MREF
1 0,0000000 0.0000000 0,5000000 0
2 0.,0000000 10,0000000 0.5000000 0
3 0,0000000 14.1070000 1.0000000 0
4 0,0000u00 19.6470000 2.0000000 0
5 0,0000000¢ 28,0000000 2.,0000000 Q
[} 0,0000000 34,1180000 2.0000000 ]
7 0.0000000 39.1910000 2,0000000 0
8 0,0000000 43,5890000 5.,0000000 0
9 0.0000000 52,6890000 5,0000000 0
10 0,0000000 60,0000000 10,0000000 0
11 0.0000000 71.4140000 10,0000000 L}
12 0,0000000 80.,0000000 10,0000000 1]
13 0.,0000000 86,6600000 10,0000000 0
14 U,0000000 91,6520000 10.0000000 ¢
15 ¢.0000000 95.3900000 10,0000000 0
16 0,0000000 97.9800000 10.0000000 0
17 0.,0000000 99,4990000 10.0000000 [
18 0.,0000000 100,0000000 0,0000000 0
19 0,0000000 1.0000000 0,0000000 0
20 0.0000000 1.0000000 0,5000000 0
21 0,0000000 1.0000000 0,5000000 0
4 0,0000000 1.0000000 0,5000000 0
23 0,0000000 1.0000000 0.5000000 [
24 ¢. 0000000 1.0000000 0.5000000 0
25 0,0000000 1.0000000 0,5000000 0
26 0,0000000 1.0000000 0.5000000 0
27 0,0000000 1.0000000 0.5000000 0
28 0,0000000 1.0000000 0,0000000 0
0,0000000 0,0000000
TABLE OF ADSORBTION DETAILS
INDEX NO. ADSORBTION COEFFICIENT
1 0.00000
2 1.00000
TABLE OF SUBSTRATE DETAILS
TidvEX ATOMIC ATOMIC DENSITY RANGE ENERGY (EV)
i, HUMBER HASS (GM.CH=3) (MICRONS) AT RANGE
1 42 96,000 10.200 0.30 10000.000
4 42 96,000 10.200 0.30 10000.000

TUTAL LENGTH OF STRUCTURE 1S

104 ,4000000 UNITS

AIV-2

INNER OUTER
(1o n (AD)

SAEemeSa eSS SSa S NNNNNNRNNNNN DN N N

SO ds S aSSs SN NN RN N N
ettt A AN A A TN I PRIV RS IR VI NI U VIS N

THRESHOLD ENERGY

0,000
10000,000

SPUTTERING
THRESHOLD
ENERGY (EV)

10000,000
170,000

===SUBSTRATE INDEX NDs==--

(EV)

INNER QUTER
(oL) (AD)

~
-
~—

POMN A PRIPAI DI M) PRI DU MY = 3 b of —b 8 —& % 3 3 32 3 33—k
PN N R P R RS PRI DU = b =8 —b b o3 b b 3 b b b ok b b 2 =3
PN R I PO R P PRI P = b =2 b 3 d b b b b b b o s b 3

EMPIRICAL VALUES FOR
SPUTTERING EQUATION
(EMPA) (EMPB)

0.8990D=02 0,0170
0,89900-02 0.0170



WZ1a 1.0

=0,1000E
=0,1000E
=0.1000E
=0,1000E
=0.1000E
=0.1000E
=0,1000€E
=, 1000E
=0.1000E
=0,9999E
=0,9999E
=0.9998E
-=0,9998E
=0,9998E
-=0,9998E
=0,99964E
‘=0.9997E
=0,9994E
=0,9993E
=0.9993E
=0,9992E
=0,9985E
=0,9987E
=0,9976E
=0,9970E
=0.9973E
=0,7969E
=0,9940E
=0,9923E
=0.9906E
=) ,9883E
=0,9892E
=0,9877E
=0,9761E
=0,9695E
=0,9631E
=0,9542E
=0,9570E
=0,9515E
=) ,2069E
=0,8828E
=0.8595E
=0,3848E
=0,8342E
=0.8136E
'=046627E
=0.5851E
=0,5118€
=0.4156E
-=0,4237E
=0.3471E

uo

=0.1768E=01
=0,7373E=01

0.3010E
0,452BE
0.6063E
0.6460E
0,8479E
0,9284E
0.9611€
0.9901E
0,9983E
0,9998E
0.1000E
0.1000E
0.1000E
0,1000E
0.1000€
0,1000€E
0.1000E
0.1000€E
0.1000E
0,1000E
0.1000E
0.1000E
0,1000E
0.1000E
0,1000E
0,1000E
0.1000€E

0o
00
uo
00
o
vo
0o
U0

WM1=

=0.,1000E
=0,1000E
-0,1000€
=0,1000E
=0.1000E
=0,1000E
=0,1000E
=0.1000E
=0,1000E
=0,1000€E
=0,1000E
=0,1000E
=0,9999€
= ,2999E
=0,9999€
=0 ,9999E
=0,9999E
=0 s 799BE
=0,9997E
=0.9997E€
=1, 7996E
=0,9995E
=0,9996E
=0,9991E
=0,7989E
=0,9986E
=0,9983E
=1, 9984E
=0,9972E
=0,9965E
=0,9957E
=0,9944E
-0,9928E
=0.,9940E
=-0,9B85E
=04,9906E
=-0,9882E
=0,9769E
=0.9701E
-0,2727E
=0,9544E
=0,9607E
=0.9515E
=0 ,9059E
~0,9151E
=0,8499E
-0,8743E
=0.8415E
=-0,7228E
=0,6453E
=0.6899E
=0.4685E
=0,5253E
=0.4184E
=0,1157E

0,5254E=

01

0.5270E~01

0.2461E
0.,5258E
0.6700E
0.,7955E
0.8585E
0.9369E
0.9737E
0.9%46E
0,9990€
0,9993E
0.1000E
0,1000E
0,1000E
0.,1000€
0,1000€
0.1000E
0,1000E
0,1000E
0,1000E
0,1000E
0,1000E
0.1000€
0,1000€

00
00
[\V]

1.0

=0.1000E 01
=0.,1000€e 01
=-0,1000E 01
=0.1000E 01
=0.1000E 01
=0,1000€ 01
=0,1000E 01
=0.1000€ 01
=0,1000E 01
=0.1000E 01
=0.1000E 01
-0,1000€ 01
=0.1000E 01
=0.1000E 01
=0.1000E 01
=0,9999E 00
=0.9999E 00
=0.9999E 00
=0.9999E 00
=0,9998E 00
=0.9998E 00
=0,9997E 00
=0,9997E Q0
«0,9997E 00
=0,9996E 00
=0.9996E 00
=0,9991E 00
=0,9989E 00
=0.9990E 00
=0,9988E: 00
-0,9985E 00
=0,9978€E 00
=0.9974E 00
=0,9266E 00
=0,9959E 00
=0.9950E 00
=0.,9927E 00
=0.9912€ 00
«0,9894E 00
=0,9866E 00
=0,9758E 00
=0,9680E 00
=0.9609E 00
=0,9649E 00
=0.9354E 00
«0.9350E 00
=0.9134E 00
=0,7040E 00
-0,8806E 00
=0.,7908E 00
=0.7378E 00
=0,6T44E 00
=0.6733E 00
=-0,6271E 00
-0,5390E 00
=0.2793E 00
=0.1439E 00
0.6202E=02
0.3683E=01
0,1622E 00
0.4794E 00
0,4178E 00
0.7424E 00
0.8115€E 00
0.9034E 00
0.9590E 00
0.9891€ 00
0.,9973E 00
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=0.7934E 00
=0.7972E M0
=0.9965E 20
=0.9957€ 00
=0.7944E 00
=0.2923E 00
=0,2940E 00
«0.9885€ 00
=0.7?06E 00
=-0.,92832E 00
=0.9769E 20
=~0,7?701E 00
=0.9727€ 20
=0.2544E 20
=0.9607E 00
~0.2515E 00
=0,905%€ 00
=0,7151E 30
=0.8499E 00
=0.8743E 20
=~0.8415E 20
=~0.7228E 00
=0.6453E 00
=0.6399E 00
=0.4685E 00
=0.5253E 00
=0.,4186E 00
=0.1157C 20
0.5254C=01
0.5270€-01
0.2461E 00
J.5255E 120
0.46700C 20
0.7955E 00
9.8585E 10
0.9369E N0
0.2737E DO
0.9946F 00
0.2990E 00
9.2973¢ 00
0.1000g 91
0.1000E 91
0.1000E 01
0,1000E M
0.1000C 01
0.1000€E 01
0,71000E 01
0.1000E 01
0.1000E 71
0.1000E 29
0.1000E 71
2.1000E 01
0,1000E 01

1.0

=0.1000E 01
=0.1009E 01
=0.1300€ 01
=0.1000E 01
=0.1000E 01
=0.1000E 01
=0.1000E 01
-0.1000E 01
=0.1000 01
=0.1000E 01
=0.1000E 01
=3.1000E 01
~0.1009€ 01
=-0.19017E 01
=0.1000E 01
~0.9799E 00
=0.99929E 00
-0.9799%E 09
=0.9997E 00
=0.9093E 99
«0.,999%E 20
=0.9997E 20
=0.9997E 20
~0.9997E 00
=0.9994E 00
~0.9926E 00
=0,9721E 20
=0.993%E 00
=N.9990E 00
-0.9733E a0
=0.9935E 00
=0.9775E 90
=0.9974E 00
=0.9%66E 00
=0.995%E 00
=0.9750E 00
=0.99227E 00
=0,99212E 00
=0.9894E 00
~0.9366E 00
~0.9753E 00
=0.2630E 00
=-0.92697C 00
=0.9647E 00
=0.9354E 00
-=0.92350E 00
~0.9134E 00
=0,9040E 00
=0.8306E 00
=0.,7703E 00
=0.7373E 00
=0.6744E 20
=0.6733E 00
=0.6271E D0
~0.537?0E 00
=0.2793E Q0
=0.1437E 00

0.6202E-02

0.3633E=01
0.1622E 00

0.4724E 00

0.6173E 00

0.7424E 00

0.3115E 00

0.9036E 00
0.9570E 00

0.9391E 00

0.9973E 00
0.9993E 00

0.999%E 00

0.1000E 01

0.1000E 01

0.7000E 01

0.1000€ 01
0.,1000E 01

0.1000E 01

0.1000E 01
0.1000E 01
0.1000E 01

0.1000E D1

HzZ2= 42.0

=0.1000E
=0.1000E
-0.1000E
=0.1000E
-0,1000E
=0,1000E
=0.1000E
-0,7000€E
=0.1000E
~0.1000E
=0.1000E
=3.1000E
=0.1000E
~0.1000E
=0.1000E
=0,1000E
=0,1000E
~0.1000E
=0,9999E
=0.9999E
=0.2999E
=0.9999E
={) ,7999F
-0.7998E
=0.7998E
-0,9997E
=0 .9996E
=0.9995E
=0.9994E
~0,9992E
=0.99%0E
=0,29B6E
=0.9981E
-0.9977E
=0,7972€
=0.9965E
-1,9956E
=1.9938E
=0.7915E
-0.9899E
-0,9878E
=0.2849E
=0.9784E
=0.7731E
«0.7668E
~0.2436E
=0.9279E
=0.9278E
=0.9100E
=0.8564E
=0.8157E
c=0.7673E
~0.7668E
~0,7195E
=~0.5694E
=0.4575E
=0.3377E
~0.3229€E
=0.2077E
=0.6211E~
0.,1718BE
0,3202E
0,5675E
0.6414E
0.7649E
0.3638E
0.9345E
0.9727E
0.7904E
0.9975E
0.7994E
0.0999E
0.1000E
0.1000E
0.1000E
0.1000E
0.1000E
0,1000E
0.1000C
0.1000€

01
a1
01
"1
01
01
01
01
01
01
1
a1
a4
01
21
01
01

01:

00
00
20
a0
0o
a9
00
[th]
02
00
2
03
a2
09
00
09
a0
oo
29
20
a0
ap
a0
00
09
a0
00
Q99
00
a0
n0
20
00
00
29
a0
00
00
00
a0
00
01
00
0
00
20
00
a0
00
00
090
20
00
00
01
01
01
01
1
24
21
01

Wnzs=

~0.1000E 01
-0.1000E 01
~0.1000E 01
-0.1000E 01
=0.1000E 01
~0.1000E 09
~0.1000E 019
~0.1000€ 01
=0.1000E 01
~0,1000E 01
=0.1000E 01
~0.1000E 09
=~0.1000E 01
~0.,1000E 01
-0.1000E 01
-0.1000E 01
~0,1000E 01
=0.1000E 019
~0,9999E 00
~0.9999E 0y
-0.9999E 09
~0,9999€ 00
-0.9999E 00
=0.9978E 00
~0.9998E 00
~0.9997E 00
~0.9997E 00
=0.9996E 00
~0.9995E 09
=0.7994E 00
-0.9920E 09
~0.9937E 00
~0.9933€ 00
=0.9932E 00
~0.9977E 00
-0.9971E 00
=0.9963E 0y
=0.9953E 0
~0,9924E 00
-0.9914E 09
-0.9892E 00
=0.9865E 00
~0.9331E 00
~0.97B7E 00
~0.9731E 00
=0.9659E 09
~0.9562E 00
~0.9372E 00
~0.922BE 00
~0.9044E 00
~0.8310E 00
~0.8514E 00
~0.7936E 00
~0.7461E 00
=0.6687E 00
=0.6046E 00
=0.5235E 00
=0.4256E 00
=0.3068E 00
=0.1181€ 00
0.2893E=01
0.1828€ 00
0.4526E 00
0.5979E 09
0.6804E 09
0.7885E 00
0.8764E 00
0.9357€ 00
0,9704€ 09
0.9833E 00
0.9964E 00
0.9990E 00
0.9998E 00
0,1000E 01
0.1000E 01
0.1000E 01
0.1000E 01
0.1000€ 01
0.1000€ 01
0,1000E 09

AIV-5

96.0

=0.1000E
=0.1000E
=U.1000E
=0.1000E
=0.1000E
=0.1000E
=0+1000E
=0.1000E
=0.1000E
=-0.1000E
=0.1000E
=0.1000E
=0.1000E
-0.1000E
-0.1000E
=0.1000E
=0.T000E
=0.1000E
=0.1000E
-U.7999E
-U.999%9E
=0.9999E
=0.9997E
-0.9993E
=0« 9993E
=0.9997E
-0.9997E
-U.9996E
=0.9994E
=0.9993E
=0.9990E
-0.9983E
= P984E
-0.9979L
-0.9973E
-U.9972E
=0.9964E
=U.9954E
=0.9940E
=0 P923E
=-4,9902€
=0.9874E
=0, 9303
=U.9T4L5E
=0.2711E
=0.9631E
=-0.9530E
=0.P402E
=0.9240E
=0.9035E
-U.8773E
=0.34506E
-0.8053E
=0.7553E
=0.6906E
-0.6152E
=D 4767E
-0.3722E
-0.2533E
=0.1203E

01
01
01
01
01
01
01
91
01
01
01
M
01
01
01
01
01
01
01
00
00
00
a0
00
00
00
00
00
00
00
00
00
00
00
00
00
90
00
00
00
00
a0
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00

0.2524E=D01

Us1795E
Ue3364E
U.4881E
Ve6379E
0.7&57E
0.8518E
Ve ?137E
U.9545E
0.9803E
Ve9917E
V.9970E
U.92991E
V.9993E
0.1000E
0.1000E
0.1000E
0.1000E
U.1000E
0.1000E

20
00
00
00
00
Q0
00
00
00
00
Q0
00
Q0
01
01
01
01
01
01

-0,1000E 01
=0.1000E 01
~0,1000E 01
=-0,1000E 01
=0.1000E 01
-0,1000E 01
=-0,1000E 01
=0,7000E 01
=0,1000€ 01
=0.1000E 01
=0.1000E 01
=0,1000E 01
=0,1000E 01
=0,1000E 01
=0,1000E 01
-0.1000E 01
-0,1000E 01
=0,1000E 01
=-0,1000€E 01
=0.9999E 00
=0,7999E 00
-0,9999€ 00
-0,9999€E 00
=0.9998E 00
-0.9998E 00
=0.9997E 00
=0,9997E 00
-0.9996E 00
=0.9995€E 00
-0,9993E 00
-0,9991E 00
=0.9984E 00
~0,9985E 00
=0.9980E 0O
=0.9975E 00
=0.9967E 00
-0,7958€E 00
=0.,9945E 00
~0,9929E 00
~0,9909 00
=0.9882E 00
-0.,9847E 00
-0,9803E 00
=0.9746E 00

=0,9673E 00

=0.9579€ 00
=0.9458E 00
=0,9303E 00
-0,9107E 00
-0,8857E 00
=0.8542E 00
=0.8144E 00
=0,7653E 00
=0,7046E 00
=0.6308E 00
=0.5423E 00
=0,4345E 00
=0.3135€ 00
=0.1782E 00
=0.3151E=01
0,1219E 00
0.3020E 00
0.4471E 00
0.5823E 00
0,6970E 00
0.7865E 00
0.3724E 00
0.7220E 00
0,2558E 00
0.9770E 00
0.,9892E 00
0.99556 00
0,9983E 00
0,9995E 00
0.9999E 00
0,1000€ 01
0,1000E 01
0,1000 01
0.,1000€ 01
04,1000 01



WZl= 1.0

-0,1000E
=0.1000E
=0,1000E
=0.1000E
=0.1000E
=0.1000E
=0,1000E
=0.1000E
=0.1000E
=0,1000E
=0,1000E
=0.1000E
=0.,1000E
=0,1000E
=0,1000E
=04,1000E
=0.1000€
=0,1000E
=0.1000E
=0,7999E
=0,9999E
=0,9999E
=0,9999E
=0.9998E
=0.9993E
=0.9997E
=0,9997E
=0,9996E
-0.9995E
=0.9993E
=0,9991E
-0,9988E
=0,9985E
-0,9980E
=0,9975E
=0,9967E
=0,7958E
=0,9945E

-0,9929E

=0.9909€
~0.9882E
=0.9847E
=0.9803E
=0.,9746E
-0.9673E
=0,9579E
=0,945RE
=0,9303€
«0,9107E
-=0.8857E
=0.8542E
<0.8146E
=0,7653E
=0, 7046E
=0,6308E
=0,5423E
=0.4345E
=0,3135E
-0.1782E

00
[11]

=0,3151E=u1

0.1217€
0.3020E
0.6471E
0.5823E
0.6970E
0,7865E
0.B724E
0.9220E
0,9558E
0.9770E
0.9892E
0.9955€E
0,9983E
0.9995E
0.7999E
0.1000E
0.1000€E
0,1000E
0.1000E
0,1000€E

TUTAL SURFACE AREA OF OQUTER ELEMEITS IS

o
uo
vy
00
00
o
00
00
0o
ov
00
uo
00
v
vo
1
01
01
01
01

WH1=

=0.1000E
=-0,1000F
=0,1000E
=0,1000E
=0,1000E
=0,1000E
-0, T000E
=0.1000E
=0.1000E
=0, 1000E
=1, 1000€
-0,1000E
=0.1000€
-0,1000E
=0,1000F
=0,1000E
=0,1000E
=0,1000E
=0.,9999E
=0,9999E
=0,9999E
-0, 7999E
=0),9998E

=}, 7993E

=0.9997€
-0,9996E
=(,9995E
-0.9994E
-0.9992E
=0 ,9989E
=0,9986E
=0,9982E
«0,997TE
=0.9970E
=0.9961E
=0,9950E
=0.9935E
-0,9915E
=0,7890E
=0.9857E
=0,9815E
-0,975%E
=0,7688E
=0,9595E
=0,7524E
=0,7385E
=0.9138E
~0,8986E
=0.8700E
=0,8340E
=-0,7889E
=0.7330E
=0 .6645E
=0,54319E
=0.4841E
=0,3708E
=0,2432E
=0,1036E

0,4303E~

0.1923E
0,3380E
Ve 4742E
0,5962E
0,7028E
0.7881E
0.8550€E
0.9053€
0.9412E
0,9656E
0.9812€
0,9904E
U.9956E
0,9981E
0,9993E
0,9998E
0,9999E
0.1000E
0.1000E
0,1000E
0.1000E

0o
00
00
0o
U1
v
a0
uo
00
uo
vo
00
uo
9o
uo
a0
w0
00
00
vo
00
9o
Al
o1
¢
1

1.0 WZ2a 42.0 WM2= 96.0
-0,1000E 01 =0.1000E 01 =~0.1000E 01 =0,1000QE
=0.1000E 01 =0.1000E 01 =-0,1000€E 01 -0,1000E
-0,1000E 01 =0,1000E 01 =0,1000E 01 =0,1000E
=0.,1000E 01 =0,1000E 01 =-0.,1000E 01 =0.1000E
=0.1000E 01 =0,1000E 01 =0,1000E 01 =0.1000E
-0,1000E 01 =0,1000FE 01 =U.1000E 01 =0,1000E
=0.1000E 01 =0,1000E 01 =041000E 01 -0.9999E
=0.1000E 01 =0,1000E 01 =0,1000E 01 =0,9999C
~0.,1000E 01 =0,1000E ¢1 =0,1000E 01 =0.9999E
=0.1000E 01 =0,1000E 01 =0.1000E 01 =0.9999E
=0.1000E 01 =0,1000E 21 =0.9999€ 00 -0.9993E
=0,1000E 01 =0.1000E 01 =0.9999E 00 -0.9998E
=0,1000E 01 =0,1000E 01 =0.9999E 00 =0.9997E
=0.1000E 01 =0,9999E 00 =0,9999E 00 =0.9996E
=0,1000E 01 =0.9999E 00 =~0.9998E 00 «0.9995E
=0.1000E 01 =0.9999E N0 =0,9998E 00 =~0.9994E
=0.9999E 00 =0.9999E 00 =0.9997E 00 =0.9992E
=0.9999E 00 =0.9998E 00 =0,9996E 00 =0,9989E
=0,9999E 00 =0.9998E 00 =0.,9995E 00 =0.9986E
=0,9999E 00 =0,9997E 0U =0.9993E 00 =-0,9982€
=0.9993E 00 =0,9997E 00 =0.9991E 00 =~0.9970E
=0.9998E 00 =0,9995E 00 =0.9989E 00 =-0.9963E
=0,9997E 00 =0.9994E 00 =U0.9985E 00 =0.9959E
=0.9996E 00 =0.9992E 00 =U0.9981E 00 -0.9946E
=0.9995E 00 =0,9990E 00 =0.9975E 00 =0.9930E
=0.9994F 00 =0,9987E 00 =0.9968E 00 =0.9908E
-0.9992E 00 =0.9983E QU =0,9958E 00 =-0,9880E
-0,9989E 00 =0.9978E 00 =U0.9945E 00 =0.9843E
=0.9986E 00 =0.9971E 00 =0,9928E 00 =-0.9795E
=0.9982E 00 =0.9962E 00 =0,9906E 00 =0.9733E
=0,9976E 00 =0,9951E U =0.9B77E 00 =0.9652E
=0.9969E 00 =0,9937E 00 =0.9840E 00 =0.9547E
=0,9960E 00 =0,9918E 00 =0.9792E 00 =0.9411E
=-0,9948E 00 =0.9893E 00 =0.9729E 00 =-0,9236E
«0,9936E 00 =0,9861E 00 =0.9647E 00 =0,9012E
=0.9917E 00 =0.9819E 00 =0.9541E 00 -0.8726E
=0.9892E 00 =0,9764E 00 =U,9404E 00 =0.,B364E
=0.9860E 00 =0.9694E 00 =~0,9228E 00 -0,7911E
=0.9818E 00 =0.9588E 00 =0.9002E 00 =0.7348E
=0.9764E 00 =0.9465E 00 =0.8715E 00 =0.6445E
=0,9694E 00 =0,9310E 00 =0.8330E 00 =0.5831€
=0.9604E 00 =0.9111E 00 =~0.7872E 00 -0.4885E
=0,7487E 00 =0,8860E 00 =0.7312E 00 =0.3829E
=0.9338E 00 =0,8544E 00 ~0.6636E 00 =0.2621E
=0.9146E 00 =0.8153E 00 =0,5B37E 00 -0.1322E
=«0,8700E 00 =0,7725E 00 =0.4944E 00 0.2823E~-
=0.8588E 00 =0,7127E 00 =0.3859E 00 0.1379E
=0.8194E 00 =0.6401E 00 =0.2651E 00 0,2687E
=0.,7701E 00 ~0,5537F 00 =0.1347E 00 0.3909€
=0,7090E 00 =0.4527E Q0 0.1069E=02 0.5009E
=0.6349E 00 =0.3375E 00 U.1380E 00 0.5911E
~0.,5455E 00 =0.2106E N0 0.2710€E 00 0.6730E
=0.4401E 00 =0,7422E-01 0.3957E 00 0.7416E
=0,3191E 00 0.6713E-01 0.4954E 00 0.7981E
=0,1842E 00 0.2082E 00 0.5930E 00 0,8434E
=0,5130E-01 0.3184E QU 0.6768E 00 0.8B802E

0.5789E=01 0.4394E 00 0.7473E 00 0.9085E
0.1996E 00 0.5486E 00 0.B046E 00 0.9307E
0.3365E 00 0.6445E 00 0.8507E 00 0.9478E
0.4649E 00 0,7246E 20 0.BEB4E 00 0.9610E
0.5785€ 00 0.7%906E 00 0.9168E 00 0.9711E
0.6766E 00 0.8458E QU U.9388E 00 0,9788E
0.7585E 00 0,8872E Qv 0.9556€E 00 0.9846E
0.8272E 00 0.9192E 00 0.9632E 00 0.98B9F
0.B783E 00 0.9434E 00 0,9777€ 00 0.,9922E
0.9171E 00 0.9614E 00 0.9846E 00 0.9945E
0.,9455E 00 0.9743E 00 0.9896E 00 0.9963E
0.9656E 00 0,9835E 00 0.9932E 00 0.,9975E
0.9793E 00 0.9898E 00 0.9957E 00 0.9984E
0.98B1E 00 0.9939E 00 0.9973€E 00 0.9990E
0.9936E 00 0.9966E 00 V.9984E 00 0.9994E
0.9968E 00 0.9982€E 00 0,9991€ 00 0.9996E
0.9935E 00 0.9991E 00 0.9995E 00 0.9998E
0.9994E 00 0.9996E 00 0.,9998E 00 0,9999E
0,9998E 00 0.9998E 00 U.9999E 00 0,9999E
0.9999E 00 0.9999E 00 0.1000E 01 0.1000E
0.1000E 01 0.1000E 01 0,1000E 01 0.1000E
0.1000E 01 0.1000E 01 0.1000E 01 0.1000E
0.1000€ 01 0.1000E 01 0., 1000E 01 0.1000E
u,1000E 01 0,1000E 01 0,1000€ 01 0.1000E
94223,5191793 LENGTH UNITS SQUARED

AIV-6

01
01
01
1
01
o
0o
00
00
00
a0
00
00
00
00
00
00
00
0o
0o
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
00
[y
0o
00
00
0e
00
00
02
00
00
00
00
00
00
00
00
00
0o
00
00
0o
0o
00
00
(11}
00
00
00
00
00
00
00
00
00
00
00
00
01
01
01
01
01

-0,1000€
-0,1000E
-0.9999E
-0.9999E
~0.9999€
-0,9999E
-0,9998E

~0,9998E

-0,9997E
-0.9996E
~0.9995E
~0.9994E
-0,9992E
-0,9989E
-0.9985E
-0.9981E
-0.9975E
-0,9967F
-0.9957E
~0,9944E
-0.9926E
~0.9904E
-0,9874E
~0.9836E
-0,9785E
-0.9720E
~0.9634E
-0,9523€
-0.9380E
-0,9195E
-0,8958E
-0.8655E
-0,8273E
-0,7795E
-0,7205E
-0.6487E
-0,5622E
~0.4632E
-0,3524E
-0,2285E

=-0,9655E~

00
01

0,3901E~01

0.,1732E
0.3016E
0,4201E
0.,5259E
0.6168E
0.,6925E
0.7570E
0.8097E
0,35264E
0.8859E
0.9122€
0,9323€
0,9488E
0.9611E
0.%706E
0,9779E
0,.9834E
0,9876E
0,9908E
0,9932E
0,7951E
0.9964E
0,9975E
0.9982E
0,9988E
0,9991E
0,9994E
0,9996E
0,9998E
0,9999E
0,9999E
0,1000E
0,1000E
0,1000E
0,1000E
0,1000€
0,1000E
0,1000E



OJTRUT FROM HC=4 CASE NUMBER 1011

ADSURBTIONS

TRANSMISSIONS

REFLECTIONS

TUTAL NUHBER
TUTAL NUHBER

ELEHMENT

iy
(1

10

12

CALCULATION

PRIMARY PARTICLES

PERFORMED 20z

27:34

PARTICLES DISPERSIUN PROBABILITY P/C ERROR
2000 0,0000000 1,0000000 0,0000000
1] 0.0000000 0,0000000 0.0000000
i} 0,0009000 0.0000000 0.,0000000
OF PRIMARY PARTICLES STUDIED 2000
OF SPUTTERED PARTICLES STUDIED 14
TABLE 1 DISTRIBUTION OF ADSORHTIUNS AND INTERACTIONS

PRIMARY PARTICLES

ADSURBTIONS INTERACTIUNS
(LNIICI)) (MNTIC(1))
(LHOICI)) (MiunIcI))
{LNAD(I)) (MNADCI) )

0 9
0 0
b ] 0
] 1}
0 ]
Q i}
1] u
[ 0
5 5
Q 0
0 v
10 10
0 1]
0 0
13 13
0 [}
0 1]
7 T
1] 0
Q0 0
13 13
0 0
0 1]
30 30
o 0
0 0
26 26
0 0
0 (1]
53 53
Q 0
0 0
54 54
0 [1]
0 0
33 33

ADSORBTION

IHDEX

N0«

(LADSIICIL))
(IADSOICI))
(IADSAUCI))

NN A

NN ™ NN NN NN N

NNN O NNN NN

NN NN NN

AIV-7

31/08/77

SPUTTERED PARTICLES

PARTICLES DISPERSION PROBABILITY
14 0.0000000 1.0000000

0 0.0000000 0,0000000

0 0.0000000 0,0000000

SPUTTERED PARTICLES

SUBSTRATE
INDEX GENERATED ADSORBTIONS
NO,
(ISUBIIC(I)) (NSPLIICI)) (LNSTICI))
(IsUBDICI)) (NSPLOICI)) (LNSOIC(I))
(ISUBAOCI)) (NSPLAOCI)) (LNSADCI))
1 0 0
1 ] 0
1 0 0
1 0 a
1 Q 0
1 0 0
1 0 0
1 ] 0
1 ] Q
1 0 0
1 0 0
1 0 1
1 0 0
1 0 0
1 0 0
1 0 0
1 0 0
1 1] 0
1 0 0
1 0 1]
1 0 0
1 0 0
1 0 0
1 0 0
1 a 0
1 0 ]
1 0 0
1 0 0
1 0 0
1 0 [
1 0 0
1 Q 0
1 0 ]
1 ¢ 0
1 il 0
1 ] 0

P/C ERROR

0,0000000
0.0000000
0,0000000

INTERACTIONS

(MNSII(I))
(MNSOICID))
(MNSADCT))

coo coca

===}

oo coco coo oo o coCc cc

coo

coo oo



(===

oDOo

coo

13

== (===

[ R Rt ~NoRe

22— =

0

[=R= ==

14
15

(=R =]

=S wn

cowm

16

oo o

oo

[N

co

17

cooo

LV B

oD

18

coo

oo

NN

19

SonN oo

oo

(= ]

NN N

1025

406

20

(=]

oo

~

]

701

305

oo

o

525

189

22

ocom

S omm

0

L=

~No

416

169

23

oo

oo

oo

-

-~

(=3

(=1

oo —

MR NP

24

312

126

233

25

oo« coOo

L= R~ == =]

NN N NN N

226
226

8
105

26
27

=R ==]

356

162

28
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ELEMENT
o,
(1)

11

13

TABLE 2 DISTRIBUTION OF INTERACTION PROBABILITIES

g i o e g e S

PRIHARY PARTICLES

INTERACTIUNS
{MNTT(1))

(MNOICI))
(MNAD(I))

U
0
0

ccc

wmicc

~Nc o

-

-

-

-

L]

-

-

L

SURFACE
INTERACTIUN
PROB,
(DMYTICL))
(DHMNOI(I))
(DMNAOCI))

0.000000000
0.000000000
0.000000000
0.000000000

0.000000000
0.000000000
0.000000000
0,000000000

0.000000000
0.000000000
0.000004136
0.000001875

0.000000000
0.000000000
0.000003337
0.000001232

0.000000000
0.000000000
0.000005172
0.0000071437

0.000000000
0,000000000
0.000002735
0.000001054

V.000000000
0.000000200
0000005169
0.000001438

0.0000000:00
0.000000000
V.000004772
0.000000378

0.000000000
V.000000000
0.000004142
0.0000003818

J.000000000
0.000000000
V000004226
0.000000588

D.000000000
0.000000000
0.000004302
0.000000593

04000000000
0.000000000
0.000002621
0.0000004690

0.000000000
0.000000000
0.000003192
0.000000510

0,000000000
0.000000000
00000024069
0.000000447

U.000000000
0. 000000000
4.000002310
0.000000432

VOLUME
INTERACTION

PROB.
C(DMNTICT))
(PHUNOI(I))
(DMHADCI))

AIV-9

SPUTTERED PARTICLES

INTERACTIONS

(MNSTIC(I))
(MNSOIC(I))
(MNSADCT))

coo

——oc oo oo c oo c oo Soco cCco (== =] c oo =N =] ]

coc

-

+=

=

SURFACE
INTERACTION
PROB,
(DMNSIJCL))
(DMNSOICI))
(DMNSAQCI))

0,000000000
0,000000000
0,900000000
0,000000000

0.000000000
0.000000000
0,000000000
0,000000000

0, 000000000
0,000000000
0.000000000
0,000000000

0,000000000
0.000000000
0,000055532
0,000057481

0,000000000
0.000000000
0,000000000
0.,000000000

0,000000000
0.000000000
0.000000000
¢, 000000000

9,000000000
0,000000000
0,000000000
0.000000000

0,000000000
0,000000000
0,000000000
0,000000000

0,000000000
0,000000000
0,000000000
0.000000000

0.000000000
0.,000000000
0,000000000
0,000000000

0,000000000
0.000000000
0,000000000
0.000000000

0,000000000
¢.u00000000
0.000000000
0,000000000

0.000000000
0,000000000
0.000000000
0.000000000

0,000000000
0.u00000000
0.,000011379
0,000011778

0,000000000
0.000000000
0,000000000
0.000000000

VOLUME
INTERACTION
PROH,
(DMHNSII(I))
(DMNSOICI))
(DMNSAO(I))



19

20

21

22

23

2%

25

26

27

28

ccc - o vicc

cco

=

b=

-

-

-

-

-

0.000000000
¢.000000000
0.000001195
0.000000310

0.000000000.

0.000000700
0.000000080
0.000000080

0.000000000
0.000000000
0,000000000
0.000000000

0,000000000
0.000000000
0.000000000
0.000000000

0000000000
0.000000000
0.1631334300
0.006266567

0.000000000
0.000000000
0.111567620
0.004896959

0.000000000
0.000000000
0.083556294
0.004097465

0.000000000
0.000000000
0.066208422
0,003567796

0,000000000
0.000000000
0,049656343
0.003022570

0.,000000000
0.000000000
0.045040850
0.002860562

0.000000000
0.000000000
0,035969015
0.002524189

0.000000000
0.000000000
0.,035969015
¢.002524189

4,000000000
0.000000000
0.056659047
0.,003259244
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Scoc —_o o - OO —_—c o woo (=R =N =] ~r OO No o coc co o cc o occ

coo

=

-

=

-

0,000000000
0,000000000
0.000000000
0,000000000

0,000000000
0,000000000
0,000000000
0,000000000

0,000000000
0,000000000
0,000000000
0,000000000

0,000000000
0.000000000
0,000000000
0,000000000

0,000000000
0.000000000
0.045472838
0,034374234

0,900000000
0,000000000
0,090945661
0.051561343

0,000000000
0,000000000
0,000000000
0.000000000

0,000000000
0,000000000
U.068209231
0.,043395327

¢,000000000
0,000000000
0.022736419
0,023534430

0,000000000
0,000000000
0.022736419
0,023534430

0,000000000
0,000000000
0.022736419
0,023534430

0,000000000
0,000000000
0,000000000
0,000000000

0,000000000
0,000000000
0.000000000
0,000000000



ANGULAR DISTRIDUTION OF RELATIVE PARTICLE IMPACT DENSITY AROUND OUTER CONICAL SURFACE OF ELEMENTS

PRIMARY PARTICLES

Y -X -y

v.00 0.00 0.00 0,00 .00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0.00 0,00
0.00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 9,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0.00 0.00 0,00
0,00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 4,00 0.00 0.00 4.00 0,00 4,00 0,00 0,00 4.00 0,00 4,00 0,00
0,00 2,00 0,00 0,00 2,00 v,00 2,00 0,00 0,00 0,00 0,00 2.00 0,00 0,00 2,00 0,00 0,00 6,00 0.00 4,00
V.00 0,00 0,00 1,54 0,00 1,54 1,54 0,00 3.08 1,54 1,54 0,00 3,08 0,00 0.00 0,00 1.56 1.54 3.08 0,00
v.00 0.00 0,00 5,71 0,00 0,7 0,00 0,00 0,00 2.3 2,86 0,00 0,00 0,00 2.86 5,71 0.00 0,00 0.00 0,00
1,54 0,00 0,00 0,00 1.54 0,00 1,54 0,00 0,00 0.00 0,00 1,54 3,08 1.54 1.54 1,54 1.54 0,00 0.00 4.62
1.33  0.00 0,67 0,00 0,00 0,67 2.00 1.33 2,67 1,335 0.67 1.33 2,67 0.00 2,00 0,67 0.00 1.33 1.33 0,00
0,77 0400 0,00 2,31 0,00 0,77 1,54 2.31 0.77 0.77 1.54 2.31 0,77 0.77 1.54 0.00 1.54 0,00 1.54 0.77
1.13  1.89 1,13 0,38 0.38 1.13 0,38 0,38 1.89 1,51 0,75 1,89 0.75 1.51 0.75 0,38 0.75 1.51 1.13 0.38
0,00 0,74 0,76 2,22 0,74 0,74 1,11 0.37 0,74 1,48 0,74 1.11 0,37 1.43 1.85 2.59 0.37 1.48 0.74 0,37
U,61 0,61 0,00 2,42 0,00 0,00 0,61 2,42 1,82 0.00 0,00 1,21 1,21 0,61 0.00 2.42 1.82 0.61 2.42 1.21
v,50 0,50 1,50 0,50 0,00 1,00 0,50 0,50 1,00 0.50 1,50 2.00 1,50 1.00 1.00 1,50 1.00 1.50 0.50 2.00
1.94 1,29 0465 0,00 0,65 1,29 0,00 1.29 1,29 1.924 0,65 0,00 1,29 1,29 1.29 1,29 1.94 0,00 1.29 0.65
4,69 1,38 2,07 0,00 0.00 0,00 0,00 0,00 2,07 2,07 0,69 3,45 0,00 0,00 0.69 0,69 0.69 1.38 2.76 1.38
2,67 0,00 0,00 1.33 0,00 1,33 0,00 2,67 1,33 2,67 2.67 0.00 0,00 0,00 1.33 1.33 0.00 1.33 0.00 1,33
U.00 0,00 0,00 0.00 0.00 @,00 0,00 0,00 0.00 0,00 20.00 0,00 0,00 0,00 0.00 0.00 0.00 0.00 0,00 0,00
U.00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0.00 0.00 0.00 0,00
V.00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0.00 0.00 0,00 0,00 0,00 0.00 0,00 0,00 0.00 0,00 0.00 0,00
119 1.07 0,94 1,00 0,94 1,40 0,96 0.88 1,01 1,01 1.21 0.64 1,07 0,86 1,11 1,07 1.01 0.86 0.82 0,94
1.00 1,14 0,74 0,94 0,91 1,06 1.28 1.08 0,88 1.28 1.03 0.86 0,91 1,11 0.83 0,91 0.97 1.08 1.20 0,77
0,88 1,30 0.91 0,99 1.03 0,61 1.03 0,99 0.95 0,25 0,72 1,18 1,30 0,80 0,99 0,88 1.10 1,18 1.14 1.07
U.96  1.01 1,06 0491 0.77 0.% 1.01 1.01 0,87 0.37 1.30 0.82 1.06 1,11 0.87 1,30 1.25 0.63 0.91 1.35
0.90 1.22 0,64 0,90 1,47 1,03 0,90 0.90 0,96 1,09 1,28 0.96 0,96 0,83 0,83 1.61 1.09 0.71 0.71 1.22
0.78 0,92 1,06 0,71 1,34 1,13 0.71 1.13 0,71 1.06 1,06 1,06 0,92 1,20 1.13 0,85 1.27 1.06 0,78 1,13
v,80 1,63 0,97 0.83 0.80 0,71 1.06 0,97 1.33 0.88 1,68 0,80 1,06 0,88 0.97 1.15 0.88 0.80 0.71 0,97
1.06 0,83 0.71 0,38 0.88 0,30 1,77 0.97 1.59 0,27 0.97 0,71 1,06 1.62 1.06 0,97 1.24 0.97 0.71 0,35
T.26 1,52 1,35 0,84 0.67 1,12 1,07 1.07 0.84 0.67 0,84 0,79 1,01 0.79 1.57 0,67 0.96 1.01 0.73 1.24

SPUTTERED PARTICLES

J.00 0,00 0,00 0,00 9.00 wv,00 0,00 0,00 0.00 0.00 0.00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0.00 0,00
U.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0.00 0,00
v.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 .00 0.00 0,00
V.00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 20.00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0.00 0,00
0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,00
V.00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0.00 0.00 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0.00
4,00 0,00 0,00 0,00 0.00 0,20 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0,00 0,00 0,00
9.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0.00 0.00 0.00
¢4.00 0,00 0,00 0,00 9,00 0,90 0,00 0.00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00
¢.00 0,00 0,00 0.00 9,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0.00
0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0,00
0.00 0,00 0,00 0,00 0,00 0.0v 0.00 0.00 0,00 9,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00
V.00 0,00 0,00 90,00 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0.00 0.00 0.00 0,00 0.00 0,00 0,00 0.00
V.00 0,00 20,00 0,00 0.00 v,00 0,00 0,00 0.00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0.00
u.00 0,00 0,00 0,00 0.00 v,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
U.00 0,00 0,00 0.00 v.,00 ¢,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00
.00 0,00 0.00 0,00 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 9,00 0,00 0.00 0,00 0.00 0,00 0.00 0.00
2.00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00 0,00 0.00 0,00 0,00 0.00 0.00 0,00
0.00 0,00 0,00 0,00 0.00 0,% 0,00 0,00 0.00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0.00 0,00
0.00 0,00 0.00 10,00 0.00 0,00 0,00 0.00 10.00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00
0,00 0,00 0.00 0,00 0,00 5,00 0.00 0,00 0.00 0,00 5,00 0,00 5,00 5,00 0,00 0,00 0,00 0,00 0.00 0,00
0,00 0,00 0,00 0,00 0,00 9,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00
0.00 0,00 0,00 0,00 0.00 06,67 6,67 0.00 0,00 0.00 0,00 6.67 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0,00
0.00 0,00 0,00 90,00 0,00 0,00 0,00 20,00 0,00 0.70 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00
V.00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0.00 20.00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00
0.00 0,00°20.00 0,00 0,00 9,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0.00 0.00 0,00 0,00
.00 0,00 0,00 0,00 0,00 0,90 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0.00 0,00 0,00 0.00
V.00 0400 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00 0,00 0,00 0,00 0.00 0,00 0,00 0,00
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ANGULAR DISTRIBUTION OF PARTICLES AROUND OUTER CONICAL SURFACE OF ELEMENTS

PRIMARY PARTICLES
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TABLE UF INCIDEHCE ENERGY OF PRIMARY PARTICLES ON SURFACES

INSIDE OF INNER ELEMENTS
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MAXTMUM NUMBER OF EMTRIES USED IN TABLE FOR SPUTTERING = 2

AVERAGE CALCULATION TIME PER PRIMARY PARTICLE HISTORY 0.4157320 SECONDS

TOTAL TIME USED BY CALCULATION 831,464 SECONDS
w## CYLINDRICAL POCKET = RATIO L/D32/1 = H+ ON MO AT 1KEY #»

SCALE IS 0.06350 CM PER LENGTH UNIT
LOG SCALE OF GRAPH PLOTTED VALUES OF DHNANCI,21)EXTENDS FROH -6 TO 0

GRAPHICAL OUTPUT COMPLETED

JNCMCO:KEITH .DSET99(51010¢) PRIHTED TO LP1 ON 28/04/78 AT 09;09:42
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++ CYLINDRICAL POCKET - RATIO L/D=2/1
- H+ ON MO AT TKEV %+ case number 1011
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interaction pPObablthy per unit area at outer surface
O interaction probability at inner surface

scale lcm= 0.063499987

++ CYLINDRICAL POCKET - RATIO L/D=2/1
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