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allocation of the pressure domains:

(based on the pressure dependency of the mean free path)

At high pressures (rough vacuum):    L >> Λ („viscous”)

Gas particles collide much more often with other gas particles than with the side walls of the recipient
Elastic collisions between the particles determine the properties of the residiual gas

At low pressures (high vacuum): L << Λ („molecular“)

Gas is highly thinned out, that gas particles can travel towards the opposite sidewall without collisions with each other
Adsorption of the gas particles on the sidewall surface determines the properties of the residual gas

In the intermediate range (medium vacuum, „Knudsen-gas“ ): L ≈ Λ

Mean free path of the gas particles and recipient size have similar order of magnitude

L

Λ
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Pressure range
pressure in 

hPa (mbar)
particles per cm3 mean free 

path

ambient pressure 1013,25 2,7·1019 68 nm

rough vacuum 1013…1 2,7·1019…1016 0,07…100 μm

medium vacuum 1…10-3 1016…1013 0,1…100 mm

high vacuum (HV) 10-3…10-7 1013…109 100 mm…1 km

ultra-high vakuum (UHV) 10-7…10-12 109…104 1…105 km

extreme high Vakuum (XHV) <10-12 <104 >105 km

for comparison: vacuum in space contains in average only one particle per cm³

pressure p particle density n

Λ

Microsystems: L ≈ Λ is already for rough vacuum valid („Knudsen-gas“)

What does it mean in numbers?

http://de.wikipedia.org/wiki/Molek%C3%BCl
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Direct measurement methods:
measurement result does not depend on gas species 
(by definition of pressure)

measurement of pressure as force on area

e.g. Diaphragm manometer

Tkn
A

F
p B 

Reference vacuum

air-pressure

Indirect methods: depends on gas species

e.g. Heat conduction manometer (Pirani)

thermal conductance GthG of gas is a function of pressure p:

How to measure low pressures?

Filament temperature T1 is kept constant
and heating power P is measured
as a function of pressure p

(Filament)   (gas)       (parasitics)
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MEMS membrane pressure sensors
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Sensor system consisting of a capacitive membrane sensor 

VTI SCB10 (top) and a customized MEMS Pirani sensor 

(bottom) in a TO-package.

MEMS Pirani Sensors
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How does the thermal conductance of a
gas depend on the pressure?

d

A
T0

T1 (filament)

ΔT= T1 -T0

GthG

temperature profile between the 2 surfaces (inside the gas)

Temperature discontinuities at both surfaces

0 d

Λ

T(z)

z

T1

T0

(mean free path)
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How does the geometry influence
the resolution and the sensitivity?

 resolution limit

Sensitivity:
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Experimental results:

Filament area: 

a: 0.3 mm
2

g: 0.5 mm
2

j: 0,8 mm
2
)
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gas species dependency:
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How to get rid off this gas dependency?
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experimental result:

Reference-Sensors (for absolute pressure measurement): 
- MKS Baratron: 10-3 mbar … 1 mbar
- MKS Baratron: 1 mbar … 1000 mbar
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IVNC 2017

30
th

International Vacuum Nanoelectronics

Conference 
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OTH Regensburg, Germany

www.vacuumnanoelectronics.org

Established in 1988 by the founders of vacuum nanoelectronics, IVNC 
brings together an international body of scientists and engineers to 
present and discuss their latest researches in vacuum micro and 
nanoelectronics


