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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

5. Pressure measurement
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Process flow in a chamber using a gas inlet:

Gas release rate?    Chamber pressure?    Conduction of the throttle?    

Pumpdown to base pressure: 
1.3·10-5 is obtained

Activation of the gas flow
of 80 sccm

Activation of the throttle 
valve to adjust the 
process pressure 13.3 Pa

Which is the effective pumping speed in combination with the adjusted throttle 
valve?

L10
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4. Vacuum Pumps
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https://www.lesker.com/newweb/vacuumpumps.cfm
http://www.vacuum-guide.com/deutsch/lieferanten/vakuumpumpe_pumpen.htm
https://videocampus.sachsen.de/m/e32d1a9c417221ba0c6d35fedb8b71145a02d6051da7afda7ed2437e78890988b17c8c5c95db8eb6d0214edf8f27858bbe79fef191e8e27368a32a9e75cb785d
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https://mmrc.caltech.edu/Vacuum/Leybold/fvt_fundamentals_of_vacuum_technology_en.pdf
https://bildungsportal.sachsen.de/opal/auth/BusinessGroup/26548961289/menu/MENU_FOLDER
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Pumps – links: https://www.youtube.com/user/PPlusVac/videos

Rotary plunger: https://www.youtube.com/watch?v=fEO8LEGfdgc
Rotary vane : https://www.youtube.com/watch?v=AFHogF-9eGA

https://www.youtube.com/watch?v=IIKOx0JqE08
https://www.youtube.com/watch?v=oXgdnnkIKZ4
https://www.youtube.com/watch?v=1SaB4aKi574
https://www.youtube.com/watch?v=PyYNJDzePCs

Screw: https://www.youtube.com/watch?v=3iiSfo9h_Fc
https://www.youtube.com/watch?v=BsogR3t6VFs
https://www.youtube.com/watch?v=X1xwd-vsv-8

Roots: https://www.youtube.com/watch?v=aAeilhp_Gog
http://www.mekanizmalar.com/roots2.html
https://www.youtube.com/watch?v=zbiwSqtEdTg

Claw: https://www.youtube.com/watch?v=8NCjM-GOLJg
https://www.youtube.com/watch?v=DnK3VzgZv_M

Scroll: https://www.youtube.com/watch?v=s3xulCRrjos
Diaphragm: https://www.youtube.com/watch?v=Ljb7R09f-8k

https://www.youtube.com/watch?v=jOjwsKECDFg
Turbomolecular: https://www.youtube.com/watch?v=f1SErZyhMe4

https://www.youtube.com/watch?v=x3XaW7UFIjI
https://www.youtube.com/watch?v=A0v3tNCLqkA
https://www.youtube.com/watch?v=xIfOHrXyoJo
https://www.youtube.com/watch?v=8gNDDItrlBc

Diffusion: https://www.youtube.com/watch?v=Y0xKZPhMS30
https://www.youtube.com/watch?v=-uVWlmF1rhI
https://www.youtube.com/watch?v=KNsM1pbbvOo

Ejector: https://www.youtube.com/watch?v=8MvHplOIQCI
https://www.youtube.com/watch?v=0yK4Mzv7ei0

Ion getter: https://www.youtube.com/watch?v=_snzYepQTjI
https://www.youtube.com/watch?v=5d0T1DYI1t0

Cryo: https://www.youtube.com/watch?v=TTwxhzVxvk8

L10
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Taken from:
https://people.rit.edu/vwlsps/LabTech/Pumps.pdf

Rough VacuumMean VacuumHigh VacuumUltra High Vacuum

L10

https://people.rit.edu/vwlsps/LabTech/Pumps.pdf
https://people.rit.edu/vwlsps/LabTech/Pumps.pdf
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Vacuum generation

Pumps covered in the following

- rotary plunger pump
- rotary vane pump
- roots pump
- claw pump
- scroll pump
- screw pump
- diaphragm pump
- ejector pump
- diffusion pump
- turbo molecular pump
- (condenser pump)
- sublimation pump
- cryo pump 

L10



© J. W. Bartha 2020   

TUD internal use only!

Slide: 26

Vacuum generation

Pumps covered in the following

- rotary plunger pump
- rotary vane pump
- roots pump
- claw pump
- scroll pump
- screw pump
- diaphragm pump
- ejector pump
- diffusion pump
- turbo molecular pump
- (condenser pump)
- sublimation pump
- cryo pump 

L10



© J. W. Bartha 2020   

TUD internal use only!

Slide: 27

Rotary plunger Atmosphere to ~ 10-3 mbar

“VT L10 d   09:11

L10

https://videocampus.sachsen.de/m/30b925e13bcd3fda99046682986adc1eeb053f03eba1140182787beec5593afee31f9dc126765a852eed5cff946ec645f194dfe08674e525d45773efcc0c6c14
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Rotary plunger

https://www.youtube.com/watch?v=fEO8LEGfdgc

Atmosphere to ~ 10-3 mbar

“VT L10 d   09:11

L10

../../../../Animationen/Vakuumtechnik/Pumps/RotaryPlungerSlow.gif
https://www.youtube.com/watch?v=fEO8LEGfdgc
https://videocampus.sachsen.de/m/30b925e13bcd3fda99046682986adc1eeb053f03eba1140182787beec5593afee31f9dc126765a852eed5cff946ec645f194dfe08674e525d45773efcc0c6c14
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Rotary plunger

L10



© J. W. Bartha 2020   

TUD internal use only!

Slide: 33

Rotary vane pump Atmosphere to ~ 10-3 mbar

L10
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Compression
≈105
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https://www.youtube.com/watch?v=1SaB4aKi574

Gas ballast function

L10

https://www.youtube.com/watch?v=1SaB4aKi574
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Gas ballast function
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https://www.youtube.com/watch?v=1SaB4aKi574

Gas ballast function

Page 25

L10

https://www.youtube.com/watch?v=1SaB4aKi574
https://mmrc.caltech.edu/Vacuum/Leybold/fvt_fundamentals_of_vacuum_technology_en.pdf
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Next: Roots Pump
“VT L10 e  mm:ss

L10

http://www.mekanizmalar.com/roots2.html
https://videocampus.sachsen.de/m/2aad8f09ab348115d338ef294ce5c20fdd9e33868e7b7b66443d1d325b0f54fc0c00cd97ba3dac07f01bcd9edba30d401abc959d292b8d0d4bafe07807d3c848
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Next: Roots Pump
“VT L10 e  mm:ss

L10

http://www.mekanizmalar.com/roots2.html
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Next: Roots Pump

Gap between rotary pistons and 
housing ≈ 100 µm. No oil sealing!

“VT L10 e  mm:ss

L10

http://www.mekanizmalar.com/roots2.html
https://videocampus.sachsen.de/m/2aad8f09ab348115d338ef294ce5c20fdd9e33868e7b7b66443d1d325b0f54fc0c00cd97ba3dac07f01bcd9edba30d401abc959d292b8d0d4bafe07807d3c848
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Next: Roots Pump

Gap between rotary pistons and 
housing ≈ 100 µm. No oil sealing!

“VT L10 e  mm:ss

L10

http://www.mekanizmalar.com/roots2.html
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Roots Pump

Working range
~ 10 ~ 10-2 mbar 

High pumping speed!

Used for high gas 
flows in CVD 
processes.

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

https://www.youtube.com/watch?app=desktop&
v=_-fwWrFLiyY

L10

http://www.mekanizmalar.com/roots2.html
https://www.youtube.com/watch?v=aAeilhp_Gog
https://www.youtube.com/watch?v=aAeilhp_Gog
https://www.youtube.com/watch?app=desktop&v=_-fwWrFLiyY
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Roots Pump
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Roots Pump

Roots 
pump 
requires 
a backing 
pump!

L10
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Roots Pump

Roots 
pump 
requires 
a backing 
pump!

Compression @ no load Ko=Pout/Pin

Pout

Pin

Pout

L10
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Roots Pump

Gas leaking 
through the gaps 
(~100 µm)
MFP very small 

Roots 
pump 
requires 
a backing 
pump!

Compression @ no load Ko=Pout/Pin

Pout

Pin

Pout

L10
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Roots Pump

Gas leaking 
through the gaps 
(~100 µm)
MFP very small 

Compression @ no load Ko=Pout/Pin

Pout

Pin

Pout

L10
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Roots Pump

Gas leaking 
through the gaps 
(~100 µm)
MFP very small 

Compression @ no load Ko=Pout/Pin

Pout

Pin

Pout

L10
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Roots Pump

Gas leaking 
through the gaps 
(~100 µm)
MFP very small 

Compression @ no load Ko=Pout/Pin

Pout

Pin

Pout

Cylinder Surface 
facing Inlet

L10
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Roots Pump

Gas leaking 
through the gaps 
(~100 µm)
MFP very small 

Compression @ no load Ko=Pout/Pin

Pout

Pin

Pout

Cylinder Surface 
facing Outlet

Cylinder Surface 
facing Inlet

L10
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Roots Pump

Gas leaking 
through the gaps 
(~100 µm)
MFP very small 

MFP very large but 
gas back flow by 
adsorption/desorption 
at/from the rotating 
pistons 

Compression @ no load Ko=Pout/Pin

Pout

Pin

Pout

Cylinder Surface 
facing Outlet

Cylinder Surface 
facing Inlet

L10
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