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• General background

• Gas laws and mean free path

• Different types of vacuum pumps

• Different types of vacuum gauges

• Leak detector

• Residual gas analysers

Overview of the lecture
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SI units of pressure is Pascals (1 pascal = 1 newton per square metre, 1 N/m2).

https://en.wikipedia.org/wiki/International_System_of_Units
https://en.wikipedia.org/wiki/Pascal_(unit)
https://en.wikipedia.org/wiki/Newton_(unit)
https://en.wikipedia.org/wiki/Metre
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Source: Leybold UK

Different ranges of Vacuum, Rough, Medium, high and ultrahigh



There are six main contributions to the gas load within a 
system

1. the initial gas contained in the 

system/chamber

2. the gas load due to the pumping 

process

3. entrapped gases (which will add 

further to the load)

4. back-streaming/migration (which can 

be reduced by using cold traps, anti-

suck-back valves etc.)

5. outgassing (which is a major 

contributor to gas load and is the 

hardest to counteract)

6. and leaks
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Rate of outgassing of different materials

Source: Leybold UK
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Vacuum Pumps

Two fundamental principles:

• Gas entering the pump is compressed and expelled out the pump (These 
pumps can run continuously)

• Gas entering the pump and get trapped, there is no outlet (these pumps 
must be regenerated)



Rotary vane mechanical pumps
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Rotary Vane Mechanical pumps

• Oil must have low vapour pressure to achieve the necessary 

performance

• Back streaming of oil can happen at low pressures

• Large gas loads can froth the oil and prevent sealing
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Dry mechanical pumps



Dry mechanical pumps

 These pumps do not use oil, thus no oil back streaming 

 Many of the designs can discharge directly into atmospheric pressure

 Most designs are base on two counter rotating shafts with claws and 

hooks that compress the gas.

 Quite expensive

 Typical pumping speed 500 to 1000L/min

Joint ICTP-IAEA Workshop 21 – 29 October 2019 Trieste Italy



Joint ICTP-IAEA Workshop 21 – 29 October 2019 Trieste Italy



Joint ICTP-IAEA Workshop 21 – 29 October 2019 Trieste Italy



Joint ICTP-IAEA Workshop 21 – 29 October 2019 Trieste Italy



Oil Diffusion pumps
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• Oil vapor reaches speeds of 1220 km/h or more
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Turbomolecular Pump
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Turbomolecular Pumps

• Very clean mechanical pumps

• High speed rotational blades are used to transfer speed and directions to gas 

molecules

• Typical rotor speed are 9 000 to 90 000 rpm

• Require mechanical foreline pump

• Pumping speeds 100 to 3000l/sec
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Cryopump
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 Titanium Sublimation Pumps (TSP) are true UHV pumps.

 It consists of a titanium filament through which a high current (typically around 40

Amps) is passed periodically. This current causes the filament to reach the sublimation

temperature of titanium, and hence the surrounding chamber walls become coated with

a thin film of clean titanium.

 Since clean titanium is very reactive, components of the residual gas in the chamber

which collide with the chamber wall are likely to react and to form a stable, solid

product. Thus the gas pressure in the chamber is reduced.

 But after some time, the titanium film will no longer be clean and hence the

effectiveness of the pump is reduced. Therefore, after a certain time, the titanium

filament should be heated again, and a new film of titanium re-deposited on the

chamber wall

Titanium Sublimation Pumps (TSP)
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Vacuum display of cyclotron and beam line at iThemba LABS
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Cold cathode penning and pirani gauge head and in-

house built pirani penning vacuum gauge
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Leak detectors

The gas from any potential leaks is
collected and pumped into the leak
detector’s mass spectrometer for
analysing, and any value above the
background trace of helium is evidence
of a leak. The spectrometer itself works
in the following way: any helium
molecules sucked into the spectrometer
will be ionized, and these helium ions
will then bend into the ion trap where
the ion current is analysed and recorded.
Based on the ionization current the leak
rate is then calculated



Residual gas analyzers

The residual gas analyzer ionizes the different components of the gas
to create various ions, and then detects and determines the mass-to-
charge ratios with a mass analyzer. The residual gas analyser is very 
helpful in determining the nature of the leak.
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Acknowledgement to Dr Bruce Darling

I use a number of slides from Prof Bruce Darling lecture Vacuum 
Systems from the Washington University Electrical department. He 
gave me full permission to use the slides



Thank you
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