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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

5. Pressure measurement
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We continue with the dry pumps!

“VT L11 b   13:18
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Atmosphere down to ~ 10-3 mBar

Claw pump

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

https://www.youtube.com/watch?v=VZvYTRJ6vGM
https://www.youtube.com/watch?v=8NCjM-GOLJg
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Claw pump (several pump stages)
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Claw pump (several pump stages)

k=3

k=5

k=10

k=6,7



© J. W. Bartha 2020   

TUD internal use only!

Slide: 29

Claw pump (Different shape of claws)

https://www.youtube.com/watch?app=desktop&v=DnK3VzgZv_M

https://www.youtube.com/watch?v=VZvYTRJ6vGM
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Scroll pump

https://www.youtube.com/watch?v=s3xulCRrjos

Atmosphere down 
to ~ 10-2 - 10-3 mBar

“VT L11 c   12:36

https://www.youtube.com/watch?v=s3xulCRrjos
https://www.youtube.com/watch?v=s3xulCRrjos
https://videocampus.sachsen.de/m/c80f70e824fae5c766d786e918b31378ae0bebee36061476a8ad646b460d55df0a322895123bae86d8be7617fe3b9977c00e9c666aae6b44ebf58c405d2ea8da
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Screw pump

Atmosphere down to ~ 10-2 - 10-3 mBar

https://www.youtube.com/watch?v=BsogR3t6VFs


© J. W. Bartha 2020   

TUD internal use only!

Slide: 36

Screw pump

Atmosphere down to ~ 10-2 - 10-3 mBar

https://www.youtube.com/watch?v=BsogR3t6VFs


© J. W. Bartha 2020   

TUD internal use only!

Slide: 37

Screw pump

Atmosphere down to ~ 10-2 - 10-3 mBar

https://www.youtube.com/watch?v=BsogR3t6VFs


© J. W. Bartha 2020   

TUD internal use only!

Slide: 38

Screw pump
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Screw pump

Atmosphere down to ~ 10-2 - 10-3 mBar
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Combination Roots + Screw

https://www.youtube.com/watch?app=desktop&v=X1xwd-vsv-8

https://www.youtube.com/watch?v=X1xwd-vsv-8
https://www.youtube.com/watch?v=X1xwd-vsv-8
https://www.youtube.com/watch?app=desktop&v=X1xwd-vsv-8
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Diaphragm pump

Atmosphere down to ~ a few (2-8) mBar

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

Atmosphere down to ~ a few (2-8) mBar
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Grease sealed 
Pos. displ. recipr. wet 

Wet Dry 
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Grease sealed 
Pos. displ. recipr. wet 

Wet Dry 

We turn over to: Gas transfer - kinetic

“VT L11 d   10:21

https://videocampus.sachsen.de/m/6477f4ecfac2670ac1998ef5ee61441ef18b30778f25d11a37b47ff248edf19a67b49e918e0d36847c32bbb254c9cce4ca158d7b5629e7cc3c60178857fc5c41
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https://www.youtube.com/watch
?v=K0aPuLn76H0

https://www.youtube.com/watch?v=K0aPuLn76H0
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Ejector pump

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

https://www.youtube.com/watch?v=8MvHplOIQCI
https://www.youtube.com/watch?app=desktop&v=8MvHplOIQCI
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Ejector pump

https://www.youtube.com/watch?app=desktop&v=8MvHplOIQCI

https://www.youtube.com/watch?v=8MvHplOIQCI
https://www.youtube.com/watch?app=desktop&v=8MvHplOIQCI
https://www.youtube.com/watch?app=desktop&v=8MvHplOIQCI
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Pump having 
pumping speed S

Flange with surface A

Chamber/Recipient with 
particle density n

General consideration on kinetic pumps
“VT L11 e   19:47

https://videocampus.sachsen.de/m/105b82deb5a7874c3720f71e2922dcbca9a9bc89003139c9d82e03a09e20fb4f9b32d52c0ac529ddbdefefe625a4fb4c7a1a0390008303fbe0166cc86ce356c1
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Pump considered as “black hole” for gas particles
(Every particle passing the pump flange is disappeared from the chamber!)
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Flange with surface A

Chamber/Recipient with 
particle density nContinuity: 

Particle number into the pump = 
particle number out of the 
chamber

Particle number approaching A per 
time unit: Na=Za·Δt·A 

These particles occupied the 
volume: ΔV=Na/n 

General consideration on kinetic pumps

Smax

“VT L11 e   19:47
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Continuity: 
Particle number into the pump = 
particle number out of the chamber

Particle number approaching A per time unit: 
Na=Za·Δt·A

These particles occupied the volume: ΔV=Na/n 

Therefore: Za·Δt·A=n·ΔV and the 
Smax= ΔV/Δt = A·Za/n = A·¼·umean·n/n= A ¼·umean

The „specific“ (surface related) pumping speed of an ideal 
pump is though  
smax = Smax/A = ¼umean for example in l/(s·cm2)  

Board 1
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How large is the specific pumping speed for  Ar?  (@RT)
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How large is the specific pumping speed for  Ar?  (@RT)

Smax (Ar)



© J. W. Bartha 2020   

TUD internal use only!

Slide: 65

How large is the specific pumping speed for  Ar?  (@RT)

smax = ¼ umean

smax = ¼ umean = 985 dm/s · dm2/dm2 = 985 l/(s·dm2) =

9.85 l/(s·cm2) 

The specific pumping speed of an ideal pump depends on the gas 
species. In this sense, lighter gases show a higher specific pumping 
speed. However due to the working principles of real pumps, this 
advantage is mostly not realized. (see later turbo- or cryo pump)

umean(Ar)= 394 m/s = 3940 dm/s

Smax (Ar)
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Diffusion pump: 10-3 – below 10-7 mBar

https://www.youtube.com/watch?v=Y0xKZPhMS30
https://www.youtube.com/watch?v=-uVWlmF1rhI
https://www.youtube.com/watch?v=KNsM1pbbvOo
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Diffusion pump: 10-3 – below 10-7 mBar

https://www.youtube.com/watch?v=Y0xKZPhMS30
https://www.youtube.com/watch?v=-uVWlmF1rhI
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Particle beam of 
supersonic velocity

A roughing 
pump is 
required!
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Diffusion pump: 10-3 – below 10-7 mBar

Baffles 
and cold 
traps are 
necessary 
to prevent 
oil from 
back 
diffusion

https://www.youtube.com/watch?v=KNsM1pbbvOo
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For diffusion pumps, flange sizes of 1m diameter are possible. 
Assuming an efficiency of 50% (Sreal=0.5 Smax) how large is the effective 
pumping speed of such a diffusion pump with a flange size of 1m in 
diameter for Ar @ RT?
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For diffusion pumps, flange sizes of 1m diameter are possible. 
Assuming an efficiency of 50% (Sreal=0.5 Smax) how large is the effective 
pumping speed of such a diffusion pump with a flange size of 1m in 
diameter for Ar @ RT?

Sdiff
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For diffusion pumps, flange sizes of 1m diameter are possible. 
Assuming an efficiency of 50% (Sreal=0.5 Smax) how large is the effective 
pumping speed of such a diffusion pump with a flange size of 1m in 
diameter for Ar @ RT?

smax (Ar) = 9.85 l/(s·cm2)      ~50% of that 
sreal= 5 l/(s·cm

2)

A=r2π = 7854 cm2

S = sreal·A = 39270 l/s

Sdiff
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Turbo molecular pump

https://www.youtube.com/watch?v=A0v3tNCLqkA
https://www.youtube.com/watch?v=f1SErZyhMe4
https://www.youtube.com/watch?v=xIfOHrXyoJo
https://www.youtube.com/watch?v=8gNDDItrlBc

Working range
10-2 to  10-9 mbar

“VT L11 g   10:35
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Turbo molecular pump
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Turbo molecular pump

Working range
10-2 to  10-9 mbar

https://www.youtube.com/watch?v=A0v3tNCLqkA
https://www.youtube.com/watch?v=f1SErZyhMe4
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Turbo molecular pump

Working range
10-2 to  10-9 mbar

https://www.youtube.com/watch?v=A0v3tNCLqkA
https://www.youtube.com/watch?v=f1SErZyhMe4
https://www.youtube.com/watch?v=xIfOHrXyoJo
https://www.youtube.com/watch?v=8gNDDItrlBc

https://www.youtube.com/watch?v=A0v3tNCLqkA
https://www.youtube.com/watch?v=f1SErZyhMe4
https://www.youtube.com/watch?v=xIfOHrXyoJo
https://www.youtube.com/watch?v=8gNDDItrlBc
https://www.youtube.com/watch?app=desktop&v=f1SErZyhMe4
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Turbo molecular pump

Working range
10-2 to  10-9 mbar
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Turbo molecular pump

Working range
10-2 to  10-9 mbar
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Turbo molecular pump

Working range
10-2 to  10-9 mbar

TMP with
integrated 
drag stage
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Turbo molecular pump

Compression and pumping speed are molecule specific!
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Turbo molecular pump

Compression and pumping speed are molecule specific!

Partial pressure of residual gas as function 
of mass number 
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