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Air pressure as a force to the walls of an empty container

1. Gas kinetic
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In a vacuum chamber Al is evaporated from a crucible on
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In a vacuum chamber Al is evaporated from a crucible on
a substrate.

Inside of the recipient we have residual gas like O,

The film growing is therefore not pure aluminum but a
mixture of Al and Al,O;!
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Inside of the recipient we have residual gas like O,

The film growing is therefore not pure aluminum but a
mixture of Al and Al,O;!

To get an idea on the requirements of the vacuum, we
ask, at which pressure is the impingement rate of Al and
O, equal. (Worst case! - Sticking coefficient = 12)

Now we assume an Al growth rate of 1ym/min and a
) monolayer thickness of 0.3 nm.
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Vacuum chamber
Lor recipient

. &P

Crucuble wu‘rh Alummum

Resudual gas

Impingement rate of Al
IML = 0,3 nm

1pm/min = 3,3 103 ML/min
if IML = 1-10%° Al/m2 =>

Z, = 551020 Al/m?-s

Impingement rate of O, when equivalent fo that of Al:

respectively.

55ML/s
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Impingement rate of Al

IML = 0,3 nm

1pm/min = 3,3 103 ML/min  respectively. 55ML/s
if IML = 1-10%° Al/m2 =>

Z, = 5,510%0 Al/m2s

Impingement rate of O, when equivalent fo that of Al:
Relation between pressure and impingement
rate:

Ps 2, V277 m KT P = 32 amy

) S R
250 K= 1,3 105
}(L CAL™ “0, T=293 K
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Impingement rate of Al
IML = 0,3 nm

1pm/min = 3,3 103 ML/min
if IML = 1-10%° Al/m2 =>

respectively. 55ML/s

Z, = 551020 Al/m?-s

Impingement rate of O, when equivalent fo that of Al:

Relation between pressure and impingement
rate:

P ~ ZA ‘/ 277 m KT P = 32 amy
) 3 R
A A K=1310 5=
0 — - —',,‘ =
"o, SALT SOz [ =293 K
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If the contamination should be below 1% then it must be:
PResidual < 2'10-6 mBar'

Expected in praxis is Py, ipignt ~ 10° mBar!
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Mean free path

The mean free path is the mean path length that a molecule traverses between two successive
impacts with other molecules.
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Mean free path

The mean free path is the mean path length that a molecule traverses between two successive
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Example: mfp of Ar (@=0,376 nm) at RT and 1-10-> mBar
or 110-3 Pa?
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Mean Free Path

https://www.tec-
science.com/thermodynamics/kin
etic-theory-of-gases/mean-free-
path-collision-frequency/

Mean free path

The mean free path is the mean path length that a molecule traverses between two successive

impacts with other molecules. It depends upon molecular diameter dp, and temperature T in
accordance with the following equation

hWean free path

k-T
Pw:-V2-d.7

and is of significance for the various flow types of a gas in a vacuum.

-~

|< -

http://www.falstad.com/gas/ /' \o

© J. W. Bartha 2020
TUD internal use only!

Slide: LO7 38

O


https://www.tec-science.com/thermodynamics/kinetic-theory-of-gases/mean-free-path-collision-frequency/
http://www.falstad.com/gas/
https://www.tec-science.com/thermodynamics/kinetic-theory-of-gases/mean-free-path-collision-frequency/

(L) universimar Mean Free Path

DRESDEN
10' 1< [
\ —MN,
NP
N\ /1 ,—~O,
N\
NN X 1 Air
Q\\ % "z
\ Bl % L—~He
= N
£ .
< 10 \\ B
= N N
S NN ke
3 N ANAN
= N\
: \\
10 - N
% A\,
= N NN
CO,:H,0— A
2
Hg
163 1 8 = .
10° ¢ 90" 10
D el sszeoozr?ly! Pressure p [mbar]

Slide: LO7 39



TECHNISCHE
UNIVERSITAT
DRESDEN

& @nS%ﬁ

=
-
§|12
!
N
0
-

Abbrev. Gas C'=h-p
[cm - mbar]
H, Hydrogen 12,00 - 103
He Helium 18.00 - 10-3
Ne Neon 12.30 - 103
Ar Argon 6.40 - 1073
Kr Krypton 4.80-10-3
Determination of the atomic radius Xe Xenon 360107
Hg Mercury 305-107
0, Oxygen 6.50 - 10-3
N, Nitrogen 6.10 - 1073
HCI Hydrochloric acid 4.35-10°3
CO, Carbon dioxide 3951073
H,0 Water vapor 395-107
NH, Ammonia 460 - 1073
C,HsOH Ethanol 2101073
Cl, Chiorine 30510
Air Air 6.67 - 1073

Table lll:  Mean free path |
Values of the product c* of the mean free path . ( and pressure p for vanious gases at
© J. W. Bartha 2020 20 °C (see also Fig. 9.1)
TUD internal use only!
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Abbrev. Gas C'=h-p
[em - mbar]
H, Hydrogen 12,00 - 103
He Helium 18.00 - 103
Ne Neon 12.30 - 103
Ar Argon 6.40 - 1073
Kr Krypton 4.80-10-3
Determination of the atomic radius Xe Xenon 360107
Hg Mercury 305-107
0, Oxygen 6.50 - 10-3
= N Nitrogen 6.10- 1073

KT 12293 It 2 .

it 22 HCI Hydrochloric acid 4.35-107°
= W rl P47 12 K= 158 1¢ .Z;_f(m. co, Carbon dioxide 3951073
* -3 H,0 Water vapor 395-107
C'p =64 107 mBoran NH, Ammonia 460103
cl, Chiorine 305 10°3
-? 7;_ . (D 4.8 Air Air 6.67 - 10-3

Table lll:  Mean free path |
Values of the product c* of the mean free path . ( and pressure p for vanious gases at
© J. W. Bartha 2020 20 °C (see also Fig. 9.1)
TUD internal use only!
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