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0. Introduction

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

1. Gas kinetic

Pressure as momentum transfer, Mol & Molvolume, Pressure units Partial pressure, Boltzmann Velocity&Energy distribution,
Impingement rate, monolayer coverage time, mean free path collision rate

2. Pressure Ranges

Viscous, Knudsen, Molecular flow, Rough-, Medium-, High-, Ultrahigh-Vacuum, Heat conduction

3. Vacuum technical terms

Pumping speed, pumping power, gas-flow, residence time, gas flow conduction, impact on tube dimension

4. Vacuum generation

Genealogy of pumps, working principle, rotary plunger, rotary vane, roots, Claw, Scroll, Screw, Diaphragm, Ejector, “ultimate
pumping speed” — specific value, Diffusion, TMP
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Schematic of a basic titanium sublimation pump.

(1) Titanium alloy filament

(2) coolant reservoir

(3) titanium deposit

(4) vacuum wall Fig.7
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Schematic of a basic titanium sublimation pump.

(1) Titanium alloy filament
(2) coolant reservoir
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Remember monolayer coverage
time ~ Imin @ 10-7 mBar
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4
o
= Schematic of a basic titanium sublimation pump.
(1) Titanium alloy filament
(2) coolant reservoir
(3) titanium deposit
(4) vacuum wall Fig.7
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Schematic of a basic titanium sublimation pump.

(1) Titanium alloy filament

(2) coolant reservoir

(3) titanium deposit

(4) vacuum wall Fig.7

https://www.youtube.com/watch?v=DRPgo50QUzY0
https://www.youtube.com/watch?v=CAOVrX49MTk

Filament Cartridge
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— @& Bewegungsrichiung der ionisierten Gasteilchen - - - - Spiralbahn der Elzkironen
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© J. W. Bartha 2021
TUD internal use only!

Slide: L12 21



https://www.youtube.com/watch?v=FiwqNDJuGkI
https://www.youtube.com/watch?v=_snzYepQTjI
https://www.youtube.com/watch?v=5d0T1DYI1t0
https://www.youtube.com/watch?v=k0USEdasbVg

TECHNISCHE . _ -
@ UNIVERSITAT I On gette r pu m p https://www.youtube.com/watch?v=_snzYepQT]jl

DRESDEN https://www.youtube.com/watch?v=5d0T1DY11t0
https://www.youtube.com/watch?v=kOUSEdasbVg

PZ—
+ -
— @& Bewegungsrichiung der ionisierten Gasteilchen - - - - Spiralbahn der Elzkironen
+ — Bewegungsrichlung des rerstiublen Tilans PZ  Penning-Zellen | 5 Diode type
77/ Be-——— # Titanatome

i Gasteilchen
@ lonen

@ Elektronen
B Magnetfeld

e g
S

© J. W. Bartha 2021
TUD internal use only!

Slide: L12 22

¢
:



https://www.youtube.com/watch?v=FiwqNDJuGkI
https://www.youtube.com/watch?v=_snzYepQTjI
https://www.youtube.com/watch?v=5d0T1DYI1t0
https://www.youtube.com/watch?v=k0USEdasbVg

/N, TECHNISCHE . _ .
UNIVERSITAT I On getter pump https://www.youtube.com/watch?v=_snzYepQT]jl

DRESDEN https://www.youtube.com/watch?v=5d0T1DY11t0
https://www.youtube.com/watch?v=kOUSEdasbVqg

Triode type Titanatome

Gasteilchen

lonen

Elektronen
Anodenzylinder

(wie bei der Dioden-
pumpe)

B Magnetfeld

F Auffanger

B--l—-—-

o .

e _e® O O8 (Pumpengehause)
/ als dritte Elektrode
A K Kathodengitter
— @& Bewegungsrichiung der ionisierten Gasteilchen - - - - Spiralbahn der Elzkironen
+ — Bewegungsrichlung des rerstiublen Tilans PZ  Penning-Zellen | 5 Diode type

# Titanatome
i Gasteilchen
@ lonen

@® Elektronen
B Magnetfeld

© J. W. Bartha 2021
TUD internal use only!

Slide:. L12 23 %



https://www.youtube.com/watch?v=FiwqNDJuGkI
https://www.youtube.com/watch?v=_snzYepQTjI
https://www.youtube.com/watch?v=5d0T1DYI1t0
https://www.youtube.com/watch?v=k0USEdasbVg

TECHNISCHE . _ -
@ UNIVERSITAT I On gette r pum p https://www.youtube.com/watch?v=_snzYepQT]jl

DRESDEN https://www.youtube.com/watch?v=5d0T1DY11t0
https://www.youtube.com/watch?v=kOUSEdasbVg

Triode type # Titanatome
B e » Gasteilchen
—e® 08 & @ lonen
® Elektronen
‘@7}@ A Anodenzylinder
(wie bei der Dioden-

pumpe)

B Magnetfeld

F Auffanger
(Pumpengehause)
als dritte Elektrode

\/L\' 5 A K Kathodengitter
|

N - |
<@ Bewegungsrichiung der ionisierten Gasteilchen - - - - Spiralbahn der Elekiranen
+ — Bewegungsrichlung des rerstiublen Tilans PZ  Penning-Zellen | 5 Diode type
77/ Be-——o #® Titanatome

i Gasteilchen
@ lonen

@ Elektronen
B Magnetfeld

© J. W. Bartha 2021
TUD internal use only!

Slide: L12 24 E i

J
&
EGNARSENS



https://www.youtube.com/watch?v=FiwqNDJuGkI
https://www.youtube.com/watch?v=_snzYepQTjI
https://www.youtube.com/watch?v=5d0T1DYI1t0
https://www.youtube.com/watch?v=k0USEdasbVg

O el Sl  Cryo pump (condensation of gases)
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VILO1Z ¢ 1055

HV—Elansch 80 K-Abschirmung

20 K - Kondensator ’2(\< r K 2,
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{Adsorphionsmittel) :g irffﬁ”kapf 2 Stufe
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/ || ——Kaltkopf 1 Stufe
\ / He- Niederdruck
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Pumpgehiuse
Temperaturmessung

Vorvakuumventil flexible He-Leitungen

Kompressor
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elektrischer Anschlufl
Vorpumpe

T :
1 Kompressoreinheit Kryopumpe mit 4 [Baffle und
2 Flexible Druckleitungen 3 Kaltkopf 5 Pumpfidchen

https://www.youtube.com/watch?v=6 1 xFH7nnbUc&t=1s

https://www.vacuumscienceworld.com/blog/cryopumps
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Cryo pump (condensation of gases)
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Adsorption pump

https://www.youtube.com/watch?v=wUVqgLlgJcxY

VILO1Zd 1720

https://www.youtube.com/watch?v=X6ihHBOUTKkqg
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https://www.youtube.com/watch?v=X6ihHB9UTkqg
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1 Inlet port § Themal conducting
2 Degassing por vanes
3 Suppod 6 Adsorpbion mataral
4  Pump body (2.g. Zeolith)

https://www.youtube.com/watch?v=X6ihHB9UTkqg
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Adsorption pump
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Adsorption isotherms of zeolite 13X for nitrogen at —195 °C and 20 °C, as well as for

helium and neon at -195 °C

https://www.youtube.com/watch?v=X6ihHB9UTkqg
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https://www.youtube.com/watch?v=X6ihHB9UTkg
https://videocampus.sachsen.de/m/6a7764ca8d161d9cecadb9a867e21d26db2ce259eace2e351c701c84a31fe17470396cdf159e5555d14885b12a3b436d1a0c5f26d44e9aac3d880543232ca8a4
https://www.youtube.com/watch?v=wUVgLlqJcxY

() niversivar Adsorption pump

DRESDEN
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Adsorption ,host” is a porous material (one brand name is Zeolith
which is an Alkali-Alumino-Silikat) with a large specific inner surface
(ca. 103 m?/q)

Question: How much gas can be trapped by 1 Kg Zeolith?
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Adsorption ,host” is a porous material (one brand name is Zeolith
which is an Alkali-Alumino-Silikat) with a large specific inner surface
(ca. 103 m?/q)

Question: How much gas can be trapped by 1 Kg Zeolith?

Considering 1ML = 10%° 1/m?, 1Kg Zeolith (having a total surface of
10% m2) would trap 101°-10% = 102> gas particles.

(Since 1 Mol corresponds to 6-1023 particles)

These 102° gas particles are equivalent to 16,6 Mol which is 373 | gas
@ STP (1Mol @ STP: 22,4 1)

1 Kg Zeolith may bind 373 | gas!
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Zeelith - mnev svvbaee (ca 10° m™/g)
Ques tion:
How mych gos tanb< trappe d by 1 Koy Zeolith?

Cams'rdtr%ma 1ML =109 'l/w‘-z
1K9 Zeshth = 107 m
Woul A frap 1019106 = ’10759’45 pmf‘hcfzs
(1 Mol corresponds Fo 690% particles)
"Ipwgas particles O
16 6 Mol which s 373 |

@ §TP

6 Kg Zesl:th may bind 3@
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Fundamentals of
Vacuum Technology
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Evacuation in the rovgh vacvum range P31 mBar

E‘qu]:?'lf'. AREL:IPIQ\'] o500 Lihag tr
D¢ pumped 16100 Pawithin 10 min.
Which is the réquired powping speed?

S,64= (500 L/6005)-2,3) g 10 P 6P a)
Sepe =0 833 1/5-L33=0351/5s =207 m3/h

For a given pumping Spesd , e Fime >

Y= (V/S,e) 23:19(10%04/PLD))
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Continuity of gas flow from the chamber Q=-V-dP/dt into the pump Q=P-S ¢
P -V-dP/dt = P-S_¢ respectively  dP/dt = (S /V)-P  or

J1/P dP = - (S/V) Jdt Integration from P,=10°Pa at t=0 to P(t) at t —
In (P(t)/10° Pa) = —(S /V)-t =>

Serr = (V/1)-In(10°Pa/P(t)) = (V/1)-2,3-log(10°Pa/P(t))

Example: A Recipient of 500 | has to be pumped to 100 Pa within 10 min. Which is the
required pumping speed?

S.¢s = (5001/600s)- 2,3 -log(105Pa/102Pa) = 0,833 I/s-2,3-3 = 5,75 I/s = 20,7 m3/h

For a given pumping speed, the required pumping time is calculated by:
t= (V/S.¢) -2,3-log(10°Pa/P(t))
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No general closed formulas!

Pumping time depends on the gas release rate q (including leaks) and therefore relies on:
- Chamber wall material,
- its"s quality (roughness and porosity),
- and it's temperature as well as

- leaks.

g can be obtained by the measurement of pressure rise
when the pump port is closed q=(AP/At)-V

Relation between gas release rate q and ,,final* pressure P_.4:

Ser=0/Pog respectively P..,=0/S ¢

© J. W. Bartha 2021
TUD internal use only!

Slide: | 12 45



UNIVERSITAT

@TECHNISCHE Evacuation into the
DRESDEN ultra high vacuum regime P<10- mBar

http://gescottl4.blogspot.com/2007/12/uhv-part-2-bake-out.html

Baking of the
chamber to
150 - 250 °C
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»WiSsen schafft Briicken.«
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