
Vacuum Technology
WS 20/21

Virtually presented
Lecture 13, Feb. 02, 2021

Prof. Dr. Johann W. Bartha

Inst. f. Halbleiter und Mikrosystemtechnik
Technische Universität Dresden

The imbedded video 

streams of this 

document are hosted 

by “video campus 

Saxony”. Before 

starting the lecture 

please logon with your 

ZIH ID and password  

here:  

“VT L013 a   15:24

Just click on the Login 

above, it brings you to 

the web-page

After Login at VCS Start 
watching 1’st stream of the 
lecture here

L13

https://videocampus.sachsen.de/m/7df2002762f2ed1ee251d8aa560091efade838749e7a75cfeeeccae84d91d816beeb365c2c60d71055e2ee8210e2eeb544d10c1f792c2768c83f14734cb8b485
https://videocampus.sachsen.de/login


This document including the 
contained video streams is only 

available to students of the lecture 
„Vacuum Technology“

at TU-Dresden. 
It must not be copied and published 

outside of TUD! 
It is intended for 

TUD internal use only!
L13



© J. W. Bartha 2020   

TUD internal use only!

Slide: 3

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

5. Pressure measurement
Direct / Indirect pressure measurement, Different gauges and assignement to vacuum range, Partial pressure measurement, 

interpretation of QMA spectra

Review L12

L13
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High Vacuum flanges

Rubber based sealing

“VT L013 b   16:57

L13

https://www.leyboldproducts.com/media/pdf/8e/c6/3f/CP_080_Fittings_EN57beb2d4b36d0.pdf
https://en.wikipedia.org/wiki/Vacuum_flange
https://www.youtube.com/watch?v=Pq8N9IpIVKg
https://videocampus.sachsen.de/m/c368ce30a99bf60ec95f36ef381281070820c4d14408cbb4fcca3dce972428613cf9530dcb4ebf8b5ac6f1abdd9fc4615b09bb7de3d39cd4adac96168264ad69
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High vacuum system
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He Leaktest: Mass spectrometer for He

Measurement of 
the He partial 

pressure

(regular case: He partial 
pressure not detectable!)

L13
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Ultra High Vacuum

Metal based sealing

http://gescott14.blogspot.com/2007/12/uhv-part-2-bake-out.html
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Sharp edge: Bakeable Metall-Metall join

L13
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Ultra High Vacuum systems
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5. Vacuum measurement

5.1. Pressure measurement

“VT L013 ^c   22:57

L13

https://videocampus.sachsen.de/m/2de2886ea1ba6de3c336e1834e0a8ad09fcdb8b19742d5c058d5eebf9087509aece62239fbd9d535d18f99c6810beb142d0617d6b9263c6e14f32b7c75426607
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5. Vacuum measurement

5.1. Pressure measurement

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

!! Independent of the 
specific gas
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dependent properties 
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5. Vacuum measurement

5.1. Pressure measurement

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

!! Independent of the 
specific gas

B: Indirect pressure 
measurement 
= Utilization of density 
dependent properties 

-Heat conductivity
-Ionization probability

Mechanical:
Bending device

Electrical:
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- Pirani 
- Penning
- Hot cathode

5.2 Gas flow 5.3 Partial pressure
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A: Bourdon Vacuum meter

Covers the rough vacuum range

L13

https://www.youtube.com/watch?v=nE_n1lCuz30
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A: Membrane Vacuum meter

https://www.youtube.com/watch?v=h1lroqf9IHM

Covers the rough vacuum range
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A: Baratron

https://www.youtube.com/watch?v=XgtY-qtyg8E

Covers wide 
vacuum range 
1000 – 10-5 mBar

L13

https://www.youtube.com/watch?v=XgtY-qtyg8E
https://www.youtube.com/watch?v=XgtY-qtyg8E
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A: Baratron

L13

https://www.youtube.com/watch?v=XgtY-qtyg8E
https://www.mksinst.com/n/baratron-capacitance-manometers
https://docplayer.org/23557853-Die-kleine-fibel-der-vakuum-druckmessung.html
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A: Baratron

Rough-, Fine- and part
of High Vacuum
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B: Heat conduction gauge - Pirani
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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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regimes A,B,C by: 

A: Radiation and 
conduction through 
terminals
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independent gas 
conduction 

Metal wire heated by current -> 
Change of pressure changes heat flow which 
changes the resistivity  and unbalances the 
Wheatstone bridge.
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B: Heat Conduction gauge - Pirani
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Sensitive in medium vacuum range

B: Heat Conduction gauge - Pirani
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B: Cold cathode manometer  - Penning

Covers the high vacuum range

L13

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


© J. W. Bartha 2020   

TUD internal use only!

Slide: 46

B: Cold cathode manometer  - Penning

Covers the high vacuum range

A
no

d
e

C
at

h
od

e

L13

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


© J. W. Bartha 2020   

TUD internal use only!

Slide: 47

B: Cold cathode manometer  - Penning

Covers the high vacuum range

Probability for 
electron impact 
ionization in HV 
becomes very low 
=> confinement of 
electrons in a magnetic 
field! Large MFP!
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B: Cold cathode manometer  - Penning
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electrons in a magnetic 
field! Large MFP!

A
no

d
e

C
at

h
od

e

Appears familiar? 

L13

https://www.youtube.com/watch?v=FiwqNDJuGkI
https://www.youtube.com/watch?v=TG9vtKK-LLw
https://www.youtube.com/watch?v=Sf1MGTD9xGY
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B: Cold cathode manometer  - Penning

L13
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Applied in high vacuum range

B: Cold cathode manometer  - Penning

L13
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B: Hot filament manometer

L13

https://www.youtube.com/watch?v=ls6kfQLQWPk
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B: Hot filament manometer

L13

https://www.youtube.com/watch?v=ls6kfQLQWPk
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B: Hot filament manometer

P = const. ∙ Iion/IelectronL13

https://www.youtube.com/watch?v=ls6kfQLQWPk
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B: Hot filament manometer

P = const. ∙ Iion/IelectronL13

https://www.youtube.com/watch?v=ls6kfQLQWPk
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B: Hot filament manometer

P = const. ∙ Iion/IelectronL13

https://www.youtube.com/watch?v=ls6kfQLQWPk
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B: Hot filament manometer

P = const. ∙ Iion/IelectronL13

https://www.youtube.com/watch?v=ls6kfQLQWPk
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B: Hot filament manometer

P = const. ∙ Iion/IelectronL13

https://www.youtube.com/watch?v=ls6kfQLQWPk
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B: Hot filament manometer

https://www.youtube.com/watch?v=ls6kfQLQWPk 
https://www.youtube.com/watch?v=IKKuWeEShM4 
https://www.youtube.com/watch?v=RiwCD1TqIIA
https://www.youtube.com/watch?v=6zv_Y0_vwsg

Covers 
10-3 – 10-8 mBar
using Bayard-Alpert setup 
10-3 – 10-12 mBar

P = const. ∙ Iion/IelectronL13

https://www.youtube.com/watch?v=ls6kfQLQWPk
https://www.youtube.com/watch?v=RiwCD1TqIIA
https://www.youtube.com/watch?v=RiwCD1TqIIA
https://www.youtube.com/watch?v=RiwCD1TqIIA
https://www.youtube.com/watch?v=6zv_Y0_vwsg
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B: Control unit

L13

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

L13

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

5.1. Pressure measurement

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

!! Independent of the 
specific gas

B: Indirect pressure 
measurement 
= Utilization of density 
dependent properties 
-Heat conductivity
-Ionization probability
-Conductivity

Mechanical:
Bending device

Electrical:
Baratron

- Pirani 
- Penning
- Hot cathode

“VT L013 ^e   10:43

L13

https://videocampus.sachsen.de/m/a1506915b994f4bb96148be021c7ee792bc5599c7f8db2e2b8f55b7bf3c0a20c399a4bf93f315c2015bd42bc67b09efa4a0cff2926e74bf484e2cc58d7877615
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5. Vacuum measurement

5.1. Pressure measurement

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

!! Independent of the 
specific gas

B: Indirect pressure 
measurement 
= Utilization of density 
dependent properties 
-Heat conductivity
-Ionization probability
-Conductivity

Mechanical:
Bending device

Electrical:
Baratron

- Pirani 
- Penning
- Hot cathode

5.2 Gas flow 

“VT L013 ^e   10:43

L13

https://videocampus.sachsen.de/m/a1506915b994f4bb96148be021c7ee792bc5599c7f8db2e2b8f55b7bf3c0a20c399a4bf93f315c2015bd42bc67b09efa4a0cff2926e74bf484e2cc58d7877615
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Gas flow measurement (mechanical)

https://www.youtube.com/watch?v=Pz-Mvdc6nf4

L13

https://www.youtube.com/watch?v=Pz-Mvdc6nf4
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https://www.youtube.com/watch?v=G62ma2IFh9o
https://www.youtube.com/watch?v=nPOzuGIblcc

Gas flow measurement (electronical)

L13

https://www.youtube.com/watch?time_continue=182&v=G62ma2IFh9o&feature=emb_logo
https://www.youtube.com/watch?v=G62ma2IFh9o
https://www.youtube.com/watch?v=nPOzuGIblcc
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https://www.youtube.com/watch?v=G62ma2IFh9o
https://www.youtube.com/watch?v=nPOzuGIblcc

Gas flow measurement (electronical)

L13

https://www.youtube.com/watch?time_continue=182&v=G62ma2IFh9o&feature=emb_logo
https://www.youtube.com/watch?time_continue=182&v=G62ma2IFh9o&feature=emb_logo
https://www.youtube.com/watch?v=G62ma2IFh9o
https://www.youtube.com/watch?v=nPOzuGIblcc
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https://www.youtube.com/watch?v=G62ma2IFh9o
https://www.youtube.com/watch?v=nPOzuGIblcc

Gas flow measurement (electronical)

L13

https://www.youtube.com/watch?time_continue=182&v=G62ma2IFh9o&feature=emb_logo
https://www.youtube.com/watch?time_continue=182&v=G62ma2IFh9o&feature=emb_logo
https://www.youtube.com/watch?v=G62ma2IFh9o
https://www.youtube.com/watch?v=nPOzuGIblcc
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5. Vacuum measurement

5.1. Pressure measurement

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

!! Independent of the 
specific gas

B: Indirect pressure 
measurement 
= Utilization of density 
dependent properties 
-Heat conductivity
-Ionization probability
-Conductivity

Mechanical:
Bending device

Electrical:
Baratron

- Pirani 
- Penning
- Hot cathode

5.2 Gas flow 

L13
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5. Vacuum measurement

5.1. Pressure measurement

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

!! Independent of the 
specific gas

B: Indirect pressure 
measurement 
= Utilization of density 
dependent properties 
-Heat conductivity
-Ionization probability
-Conductivity

Mechanical:
Bending device

Electrical:
Baratron

- Pirani 
- Penning
- Hot cathode

5.2 Gas flow 5.3 Partial pressure

L13
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