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Measurement principle

Ionisation probability 

of different gas 

species for electrons 

between 10 eV and 

10 keV
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History

The historical vacuum triode gauge originating from the electrical

amplifier, the triode, a vacuum electronic device, called the Ătubeñ.

Baeyer 1909 

Buckley 1916 useful gauge

Grid as ion collector Anode as ion collector
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Measurement principle

Medium vacuum IG

Ionization 

gauges for 

different 

vacuum 

ranges
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Measurement principle

Ionisation gauges: todayóselectrode design

Courtesyof INFICON AG

Development of burn-out-proof oxide

cathodes allowed medium vacuum IG

Trick: Make the ion path as short as

possible
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Measurement principle

Combined gauges

INFICON BCG 450 courtesyof INFICON AG

Ionisation gauge

PiranigaugeCDG
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Ion gauges with emitting cathodes

The original Bayard-Alpert gauge

reduced the lower limit by 100

In the first half of the 19th century  

pumps improved, but the measured 

pressures with the triode gauges did 

not, - the readings were ñnailedò to 

about 10-7 mbar.

Why?

IVC-1, 1947, Nottingham: X-rays?
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Bayard-Alpert design

Today no glass

envelopein Europe: 

Nudegaugeor metal

envelope.

Emission current

0.1 mA é 10 mA

Electronpathlength

typical1.5 D
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BAG calibration
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Droppingdue to:

Iion = 0.002 Ie@ 0.01 Pa

Meanfreepath
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Ion gauges with emitting cathodes

Disturbing effects in 

Bayard-Alpert gauges

1: The desired ionisation, 

but secondary electron

2: Electron stimulated

desorption

3: X-ray effect

4: Inverse X-ray effect

Other: e.g. Dissociation of

molecules at hot cathode

Cross section of BA gauge
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Surfaces and volume for XHV

Anode surface of typically 10 cm²: 1016 molecules at one

monolayer.

To be compared with density at 10-8 Pa: 106 molecules/cm³ . In 

the gauge about 10 cm³: 107 molecules.

109 more molecules on the surface: A huge reservoir to annoy

you !!!

How doesthe number of adsorbatemolecules

comparewith the onesin the gas phasein XHV? 

Degassing feature of IG

Not too small Ie (self-cleaning)
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Towards XHV measurements

1. Increase Dl and 

2. Increase ion collection efficiency cion,C

3. Reduce X-ray effect Ix-ray

4. Cancel forward and inverse X-ray effect

5. Reduce ESD ions and separate them from gas phase ions IESD

6. Reduce outgassing of the gauge ngen

7. Amplify ion current / Reduce noise

Strategiesto decreaselow pressurelimit of

emissivecathodeion gauges
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2. Increase ion collection efficiency

ÅClose the cylindrical grid anode

Closed cylindrical grids have higher sensitivities than open grid structures.


