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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, assignment to vacuum range
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4. Vacuum generation

Genealogy of pumps, working principle, assignment to vacuum range

5. Pressure measurement

Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial pressure measurement,
interpretation of QMA spectra
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4. Vacuum generation

Genealogy of pumps, working principle, assignment to vacuum range
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Measurement of
the He partial
pressure

(regular case: He partial
pressure not detectablel)
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(0) IRTRERE He Leaktest: Mass spectrometer for He

DRESDEN

Measurement of <
the He partial '
pressure

TARGET

S
) ‘

(regular case: He partial [_ |
He Leak Signal

pressure not detectablel)

L

: 5 ‘
: 1 Triode electrode
< Total cell pressure
o s

- — 1 P ‘ 2 Diaphragm
S O 3 Braking electrode
I 4 Electron collector
I o 5 Tungsten filament
s 6 Stand-by filament

- Electrons beam
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Metal based sealing
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5.1. Pressure measurement
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5.1. Pressure measurement
e

A: Direct or absolute
pressure measurement
= Force / Surface area

Il Independent of the
specific gas

©J.W.Ba rth 2020
TUD inter only!

Slide: L13 22


https://videocampus.sachsen.de/m/2de2886ea1ba6de3c336e1834e0a8ad09fcdb8b19742d5c058d5eebf9087509aece62239fbd9d535d18f99c6810beb142d0617d6b9263c6e14f32b7c75426607

5. Vacuum measurement

TECHNISCHE ‘
@ UNIVERSITAT BABIES; P |
DRESDEN CAMPUS _

VT LOI3 "c 22:57

5.1. Pressure measurement

i ~
A: Direct or absolute B: Indirect pressure
pressure measurement measurement
= Force / Surface area = Utilization of density

dependent properties

Il Independent of the

SPZCifiC gas -Heat conductivity
-Tonization probability
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5.1. Pressure measurement

i ~
A: Direct or absolute B: Indirect pressure
pressure measurement measurement
= Force / Surface area = Utilization of density

dependent properties

Il Independent of the

SPZCifiC gas -Heat conductivity
-Tonization probability

e
Mechanical:
Bending device
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5. Vacuum measurement

VT LOI3 "c 22:57

5.1. Pressure measurement

i

A: Direct or absolute
pressure measurement
= Force / Surface area

Il Independent of the

specific gas

/ ~N
Mechanical: Electrical:
Bending device Baratron
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5. Vacuum measurement

VT LOI3 "c 22:57

5.1. Pressure measurement

i

A: Direct or absolute
pressure measurement
= Force / Surface area

Il Independent of the

specific gas

/ ~N
Mechanical: Electrical:
Bending device Baratron
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B: Indirect pressure
measurement

= Utilization of density
dependent properties

-Heat conductivity
-Tonization probability

- Pirani
- Penning
- Hot cathode
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5. Vacuum measurement
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&

5.2 Gas flow | [H.1. Pressure measurement

i

A: Direct or absolute
pressure measurement
= Force / Surface area

Il Independent of the

specific gas

/ ~N
Mechanical: Electrical:
Bending device Baratron
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B: Indirect pressure
measurement

= Utilization of density
dependent properties

-Heat conductivity
-Tonization probability

- Pirani
- Penning
- Hot cathode
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5. Vacuum measurement

= Force / Surface area

Il Independent of the

specific gas

/ ~N
Mechanical: Electrical:
Bending device Baratron
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A: Direct or absolute B: Indirect pressure

pressure measurement measurement

= Utilization of density
dependent properties

-Heat conductivity
-Tonization probability

- Pirani
- Penning
- Hot cathode
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Covers the rough vacuum range
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Covers the rough vacuum range
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Fig. 9.5. Capacitance manometer with deformable membrane (schematic).
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Fig. 9.5. Capacitance manometer with deformable membrane (schematic).
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Heatflow
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Heat flow from a heated
wire inside the vacuum in
regimes A,B,C by:

A: Radiation and
conduction through
terminals

B: As A + pressure
dependent gas conduction
C: As A + pressure
independent gas
conduction
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Heat flow from a heated
wire inside the vacuum in
regimes A,B,C by:

A: Radiation and
conduction through
terminals

B: As A + pressure
dependent gas conduction
C: As A + pressure
independent gas
conduction
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B: Heat conduction gauge - Pirani
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Sensor wire

Metal wire heated by current ->
Change of pressure changes heat flow which
changes the resistivity and unbalances the
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Heat flow from a heated
wire inside the vacuum in
regimes A,B,C by:

A: Radiation and
conduction through
terminals

B: As A + pressure
dependent gas conduction
C: As A + pressure
independent gas
conduction
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B: Heat conduction gauge - Pirani

VT LOI3 "d 32:25

Prinzipislier
Aufbau

Heatflow

~
(%

Heat flow from a heated
wire inside the vacuum in
regimes A,B,C by:

A: Radiation and
conduction through
terminals

B: As A + pressure
dependent gas conduction
C: As A + pressure
independent gas
conduction
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100

Metal wire heated by current ->
Change of pressure changes heat flow which
changes the resistivity and unbalances the
Wheatstone bridge.
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(L) universimar B: Heat Conduction gauge - Pirani
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Edwards
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(L) universimar B: Heat Conduction gauge - Pirani

DRESDEN

Sensitive in medium vacuum range

Edwards
(L
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~ set vac

set atm
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Made In England

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

Slide: Ll 3 44



TECHNISC . .
(L) Onivewsivar B: Cold cathode manometer - Penning

Covers the high vacuum range

Anode Kathode
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¢ i7 U= 3000V

S ; 4 U N -

S N A H s B ]

L / “P

Vakuum | Rezipient

lonisationsvakuummeter mit kalter Kathode nach Penning
a) Glasausfithrung mit Anodenring
b) Ganzmetallausfithrung mit Anodenzylinder
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TECHNISCHE . .
(L) Onivewsivar B: Cold cathode manometer - Penning

Covers the high vacuum range

Anode Kathode

+ \ (
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lonisationsvakuummeter mit kalter Kathode nach Penning
a) Glasausfithrung mit Anodenring
b) Ganzmetallausfithrung mit Anodenzylinder
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TECHN : :
gglEvs%RlE%CT%% B: Cold cathode manometer - Pennlng

Covers the high vacuum range

Anode Kathode

+ 3\ (
N B>04T | Isolator R=3MQ
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> ’_E -3 )/
% 9% +
5 V] N U=3000V
; 50% =
S N [/ PAARIIIOT0 3 V]
V] -— : p
B |= W
y4 Lp
Vakuum | Rezipient

lonisationsvakuummeter mit kalter Kathode nach Penning
a) Glasausfithrung mit Anodenring
b) Ganzmetallausfithrung mit Anodenzylinder

Probability for
electron impact
ionization in HV
becomes very low

=> confinement of
electrons in a magnetic
field! Large MFP!
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TECHN : :
gglEvs%RlE%CT%% B: Cold cathode manometer - Pennlng

Covers the high vacuum range

Anode Kathode
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Vakuum | Rezipient

lonisationsvakuummeter mit kalter Kathode nach Penning
a) Glasausfithrung mit Anodenring
b) Ganzmetallausfithrung mit Anodenzylinder

Probability for

electron impact =
ionization in HV

becomes very low

=> confinement of

electrons in a magnetic F
field! Large MFP!
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(L) Onivewsivar B: Cold cathode manometer - Penning

Covers the high vacuum range

Anode Kathode
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() IhiversiTiT B: Cold cathode manometer - Penning

Covers the high vacuum range

Anode Kathode
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- Made in England
lonisationsvakuummeter mit kalter Kathode nach Penning

a) Glasausfithrung mit Anodenring
b) Ganzmetallausfihrung mit Anodenzylinder

Probability for

electron impact =
ionization in HV
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=> confinement of
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field! Large MFP!
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() IhiversiTiT B: Cold cathode manometer - Penning
Appears familiar?

Covers the high vacuum range

Anode Kathode
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lonisationsvakuummeter mit kalter Kathode nach Penning

a) Glasausfithrung mit Anodenring
b) Ganzmetallausfihrung mit Anodenzylinder

Probability for

electron impact =
ionization in HV

becomes very low

=> confinement of

electrons in a maghetic »
field! Large MFP!
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() Ohiversiii B: Cold cathode manometer - Penning
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() Ohiversiii B: Cold cathode manometer - Penning

DRESDEN

Applied in high vacuum range
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BE?JE“A?.‘%’%? B: Hot filament manometer
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UNIVERSITKT B: Hot filamenT manometer
DRESDEN

+30V bis #1150V bis
+50V +200V

K = Kathode
A = Anode
C = lonenkollektor
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Bﬁ?&"&éﬁ'ﬂ'& B: Hot filament manometer

DRESDEN

+30V bis  +150V bis
+50V +200V

K = Kathode
A = Anode
C = lonenkollektor
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() SnveRsITaT B: Hot filament manometer

DRESDEN
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+30V bis  +150V bis
+50V +200V

K = Kathode
A = Anode
C = lonenkollektor

l) = lonenstrom
I = Ronfgenstrom
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() SnveRsITaT B: Hot filament manometer
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+30V bis  +150V bis

+50V +200V
Rontgen - Quant
INANNAANAANAA A
K = Kathode I, = lonenstrom
A = Anode

I = Rontgenst
C = lonenkollektor » = Rontgenstrom

Abb. 12.8 Gliithkathoden-Vakuummeter
a) Einfache MeBrohre (Glas)
b) Hoch- und Feinvakuum-MeBrohre (Eintauchsystem)
¢) Bayard-Alpert MeBrohre (HV u. UHV) (Eintauchsystem)
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‘EE@%"&% B: Hot filament manometer

al b )

+30V bis  +150V bis

+50V +200V
Rontgen - Quant
s INANAAAAAAS
P;- Iiaﬂ;ode || = lonenstrom
= noge ;
I, = Ront t
C = lonenkollektor p = Ronfgenstrom

Abb. 12.8 Glithkathoden-Vakuummeter
a) Einfache MeBrohre (Glas)
b) Hoch- und Feinvakuum-MeBrohre (Eintauchsystem)
¢) Bayard-Alpert MeBrohre (HV u. UHV) (Eintauchsystem)

© J. W. Bartha 2020

'SthdDe:int|e'rriaI3useonI%/£!; P - ConST. ' IIOH/IQIQCTI"OH



https://www.youtube.com/watch?v=ls6kfQLQWPk

55?&%"&?.‘%‘-&5 B: Hot filament manometer
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To the vacuum system

+30V bis  +150V bis
+50V +200V

Rontgen - Quant

K = Kathode
A = Anode
C = lonenkollektor
Abb. 12.8 Glithkathoden-Vakuummeter
a) Einfache MeBrohre (Glas)
b) Hoch- und Feinvakuum-MeBrohre (Eintauchsystem)
¢) Bayard-Alpert MeBrohre (HV u. UHV) (Eintauchsystem)
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Hot filament manometer
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+30V
+50V

K = Kathode

bis

A = Anode

C = lonenkollektor

+150V bis
+200V
Rontgen - Quant

l) = lonenstrom
Iy = Rontgenstrom

Abb. 12.8 Gliithkathoden-Vakuummeter

a) Einfache MeBrohre (Glas)

b) Hoch- und Feinvakuum-MeBrohre (Eintauchsystem)

¢) Bayard-Alpert MeBrohre (HV u. UHV) (Eintauchsystem)
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P = const. - Iion/Ielec‘rr'on

Filament

To the vacuum system

Covers

10-3 - 108 mBar

using Bayard-Alpert setup
10-3 - 1012 mBar
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5. Vacuum measurement

VT LOI3 "e 10:43

5.1. Pressure measurement

i

A: Direct or absolute
pressure measurement
= Force / Surface area

Il Independent of the

specific gas

/ ~N
Mechanical: Electrical:
Bending device Baratron
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B: Indirect pressure
measurement
= Utilization of density

dependent properties
-Heat conductivity
-Tonization probability
-Conductivity

- Pirani
- Penning
- Hot cathode
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5. Vacuum measurement

MA013 e 10:43

&

5.2 Gas flow | | 5.1, Pressure measurement
i ~
A: Direct or absolute B: Indirect pressure
pressure measurement measurement
= Force / Surface area = Utilization of density
dependent properties
Il Tndependent of the -Heat conductivity
i -Tonization probability
SpeciTiC gas -Conductivity
e ~
Mechanical: Electrical: Pirani
Bending device Baratron - oran
- Penning
63w satna 2020 - Hot cathode
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@it Gas flow measurement (mechanical)
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https://www.youtube.com/watch?v=Pz-Mvdcénf4
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@iniesis  Gas flow measurement (electronical)
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@iniesis  Gas flow measurement (electronical)
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LENGTH OF TUBE

Fig. 9.16. Temperature equilibrium in a thermal flowmeter: principle.
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Gas flow measurement (electronical)

THERMOCOUPLES

TEMPERATURE OF TUBE

Fig. 9.16. Temperature equilibrium in a thermal flowmeter: principle.
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@FF 5. Vacuum measurement

e

&

5.2 Gas flow | [H.1. Pressure measurement

i ~
A: Direct or absolute B: Indirect pressure
pressure measurement measurement
= Force / Surface area = Utilization of density
dependent properties
Il Tndependent of the -Heat conductivity
i -Tonization probability
SpeciTiC gas -Conductivity
e ~
Mechanical: Electrical: Pirani
Bending device Baratron -oran
- Penning
e - Hot cathode
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5. Vacuum measurement
/ \

\

&

I

5.2 Gas flow

5.1. Pressure measurement

5.3 Partial pressure

i

A: Direct or absolute
pressure measurement
= Force / Surface area

Il Independent of the

specific gas

/ ~N
Mechanical: Electrical:
Bending device Baratron
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B: Indirect pressure
measurement
= Utilization of density

dependent properties
-Heat conductivity
-Tonization probability
-Conductivity

- Pirani
- Penning
- Hot cathode
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