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Vacuum system
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Large surfaces, upscaling

www.scheuten.com
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Residual gas

pump

desorption
diffusion of 
dissolved 
molecules

•permeation
•leak

Pumping of:
Residual gas:
•Adsorption – Desorption
•Diffusion of dissolver or trapped gas
•Permeation trough materials
•Leaks
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Units of pressure

Ultra Good 
High

High Inter-
mediate

Rough

Total pressure of residual gasses
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Sources of residual gas

• High vacuum
• pumping speed
• leak

• Good High vacuum
• desorption from walls
• baking

• Ultra high vacuum
• impurities
• internal leaks
• material selection
• diffusion
• permeation
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Ultra Good 
High

High Inter-
mediate

Rough

Total pressure of residual gasses

Average mean free path (distance between collission) 
in nitrogen residual gas

<λ> 

ρN = N/V
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Average mean free path (distance between collission) 
in nitrogen residual gas

Ultra Good 
High

High Inter-
mediate

Rough

Total pressure of residual gasses

<λ> 
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Phases of residual gas

Ultra Good 
High

High Inter-
mediate

Rough

Total pressure of residual gasses

d = diameter of chamber

• Viscotic <λ> < d/100 
• Intermediate
• Molecular <λ> >> d 
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Phases of residual gas

Ultra Good 
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High Inter-
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Rough

Total pressure of residual gasses
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Time to form one molecular layer on surface

Ultra Good 
High

High Inter-
mediate

Rough

Total pressure of residual gasses

u<µ> average molecule mass
ζ diameter of molecule
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Vapour and liquid in vacuum

pump

balance:
pumping  = evaporation
pressure constant until all liquid
is pumped

balance:
condensation  = evaporation
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Critical temperatures and pressures for some residual 
gasses

above Tc no liquid

pump

Helium
Hydrogen
Nitrogen
Carbon monoxide
Argon
Oxygen
Methane
Carbon dioxide
Chlorine
Ether
Ethanol
Carbon tetraclor.
Water

Gas or vapor
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Vacuum pumps

• Positive displacement (mechanical pumps)

• Momentum transfer (molecular pumps)

• Entrapment



Jari Koskinen 16

Mechanical pumps

Rotary vane  Roots Diafragma
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Mechanical pumps

Scroll pump

http://upload.wikimedia.org/wikipedia/commons/3/31/Two_moving_spirals_scroll_pump.gif
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Momentum transfer

Turbo molecular Oil diffusion pump
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Entrapment

cryo pump ion pump
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Pumps and vacuum ranges
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Vacuum gauges

• Mechanical – diaphragm
• Electronic

• Piezoresitive (strain gauge)
• Capacitive
• Magnetic
• Piezoelectric
• Optical
• Potentiometric 
• Resonant

• Thermal conductivity – Pirani
• Ionzation gauge
• Hot cathode
• Cold cathode (Penning)
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Gauges

ionization gauge hot filamentPirani
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Residual gas analyser

SRS RGA100 Residual Gas Analyzer
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Vacuum systems
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Vacuum systems
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Gas flow in vacuum systems

Q = C(P1 – P2)

P1 P2

C
conductance

l/s

Q  gas troughput [pressure*volume/s]

in series:

in parallel:
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Conductance of various geometries

M. Ohring
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Vacuum systems
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Vacuum system design


