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(57) An electron source, in a gas-source mass spectrometer, comprising: an electron emitter cathode with a thermionic 
emitter surface 26; and, a heater element 24, electrically isolated from the cathode, and electrically heated to 
radiate heat to the cathode. The heating of the cathode produces thermionic emission of electrons for ionizing a 
gas in a gas-source chamber. An electron trap may recieve electrons that have passed through the chamber as a 
current of at least 0.5mA, due to the cathode being heated to a maximum of 2000°C, which may occur when less 
than 5W is supplied to the heater. The cathode may be an oxide cathode or an l-cathode/Ba-dispenser cathode. A 
base 25 of the cathode may comprise a thermionically emissive material coating, which may be an alkaline earth 
oxide, osmium or ruthenium. The base may comprise nickel or tungsten, the tungsten is preferably impregnated 
with barium oxide. A sleeve 23 may surround the heater element, with the emitter surface 26 being at the end of the 
sleeve. The heater may comprise a metallic filament 21 with a coating 22 comprising a metal oxide material.
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AN ELECTRON SOURCE

FIELD

[01] The invention relates to electron sources for providing electrons, such as in a mass 

spectrometer, e.g. a gas-source mass spectrometer.

BACKGROUND

[02] Many scientific instruments depend upon the ionisation of gas molecules in order to 

prepare the molecules for subsequent manipulation. Electron beam bombardment is commonly 

used for this process. Electrons are generated by thermionic emission from a cathode, these 

electrons are accelerated through a volume containing the gas molecules and collisions 

between the electrons and gas molecules ionise a proportion of the molecules.

[03] Conventional ion sources typically use a tungsten filament arranged in various 

geometries (e.g. a ribbon, a coiled wire), in which the filament also serves as a cathode and 

electrons are emitted from its surface. However, although this design is simple to manufacture, 

it has significant drawbacks which limit its performance. These drawbacks include, but are not 

limited to, the following.

Mechanical Instability

[04] Heated filaments are self-supporting and prone to changing shape. This gives rise to 

significant variations in source behaviour which compromises data and may need the source to 

be opened for remedial work.

Potential Gradient

[05] It is important for the cathode to operate at a uniform and stable electrical voltage in order 

to constrain the energy of thermionically generated electrons to a narrow energy band. A heated 

wire cathode has an inherent voltage gradient along its length due to the heating current. Thus, 

the applied voltage is not constant as it must be adjusted to maintain emission at the required 

intensity.

Operating Temperature

[06] The high work function of these heating filaments demands a high operating temperature 

which promotes the formation of hydrocarbon volatiles which interfere with the gas species 

understudy (i.e. being prepared by ionisation using the electrons).

Limited Emission Current

[07] The relatively low emission currents achievable using this technology limit the rate of 

ionisation which in turn limits the sensitivity of the instrument using it. This requires users 

constantly to trade off sensitivity, operating temperature and time between servicing the 

instrument.



2

Limited Lifetime

[08] Significant effort is required to establish acceptable operation of such electron sources in 

most vacuum instruments. Operating the heated filament/cathode of the electron source at 

higher temperature shortens the filament’s lifetime resulting in excessive down time for 

servicing/replacement of the filament.

[09] The invention aims to address one or more of these deficiencies.

SUMMARY

[10] The proposed invention is in an alternative cathode construction in which an electron

emitter cathode is heated by a filament which is electrically isolated from the cathode. The 

cathode is most preferably located in a gas-source type mass spectrometer, or other gas-source 

type instrument for generating ionised gas for analysis. An example is the so-called Nier source 

mass spectrometer instrument.

[11] In a first aspect, the invention provides an electron source in a gas-source mass 

spectrometer the electron source comprising: an electron emitter cathode presenting a 

thermionic electron emitter surface in communication with a gas-source chamber of the gas

source mass spectrometer for providing electrons there to; a heater element electrically isolated 

from the electron emitter cathode and arranged to be heated by an electrical current therein and 

to radiate heat to the electron emitter cathode sufficient to liberate electrons thermionically from 

said electron emitter surface, therewith to provide a source of electrons for use in ionising a gas 

in the gas-source chamber.

[12] In this way, it is not necessary to pass an electrical heating current through the electron 

emitter surface. Instead, an electrical heating current is passed through a separate heating 

element which becomes heated to sufficient temperature e.g. incandescent hot, to radiate heat 

electromagnetically to the electron emitter cathode which is positioned adjacent to the heating 

element in order that it may absorb radiated heat energy and be heated remotely. By removing 

the need to apply a voltage across a directly electrically heated electron emitter coil, one avoids 

the problems associated with the potential gradient described above and the resulting variation 

in emitted electron energy. This provides a more homogeneous electron energy which will 

provide greater control of the conditions affecting ionisation probability within the source, 

(narrowing of ΔΕ2 Fig 8B)

[13] In addition the separation of the electrical heating aspect and the electron emission 

aspect of the electron source, in the invention, enables the use of much more optimal materials 

for thermionic electron emission which would not be suitable for heating electrically. Indeed, it 

has been found that electron emissions are increased by a factor of up to 5 to 10, as compared 

to electron emission rates from existing electrically heated electron sources operating over a 

comparable operation lifetime. Thus, whereas it is possible to increase electron emission rates 
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from existing electrically heated electron sources, the great cost is that the electrically heated 

source will “burn out” very quickly. It will then need replacement within the mass spectrometer 

which will require a spectrometer to be opened up (vacuum lost) potentially causing months of 

down-time. High electron emission rates have been found to be achievable, according to the 

invention as compared to existing systems, at significantly lower operating temperatures. This 

has a significant practical consequence because the reduced temperature reduces the 

presence of hydrocarbon volatiles within the vacuum of the mass spectrometer in use. As 

discussed above, these hydrocarbon volatiles can become ionised within the gas-source 

chamber and the resulting ions to interfere with the isotope species of interest, which the mass 

spectrometer may be being used to study.

[14] For example, a flow rate of electrons into, or across, the gas chamber may exceed 

500μΑ, or preferably may exceed 750μΑ, or more preferably may exceed 1 mA, or yet more 

preferably may exceed 2mA. For example, an electron flow rate may be between 500μΑ and 

1mA, or may be between 1mA and 2mA. These electron flow rates may be achievable when the 

temperature of the electron emitter cathode is preferably less than 2000° C, or more preferably 

less than 1500° C, or yet more preferably less than 1250° C, or even more preferably less than 

1000° C, such as between 750° C and 1000° C. For example, the gas-source mass 

spectrometer may comprise an electron trap operable to receive electrons from the electron 

emitter cathode which have traversed the gas-source chamber as a current of at least 0.5mA in 

response to the electron emitter cathode being heated by the heater element to a temperature 

not exceeding 2000°C.

[15] The gas-source chamber may be arranged to receive electrons from said electron emitter 

cathode at an electron input opening shaped to form an electron beam within the gas-source 

chamber which is directed towards the electron trap without the use of a collimator magnet. This 

is because of the significantly higher electron flow rates achievable according to the invention. 

Collimation using collimator magnets, to increase electron beam intensity (i.e. rate of flow per 

unit area transverse to the beam), has been found to be no longer necessary, although 

embodiments of the invention may include collimator magnets if desired. Ample electron beam 

intensity is achievable due to the enhanced electron flow rates, according to the invention.

[16] The electron source may include an energy controller arranged for controlling the energy 

of electrons output by the electron source. The energy controller may include an anode 

disposed between the thermionic electron emitter surface and the gas-source chamber. The 

energy controller may include a control unit arranged to apply a variable electrical potential to 

the anode for accelerating electrons emitted from the thermionic electron emitter surface in a 

direction towards the gas-source chamber. The energy controller may include one or more 

electron extraction grids disposed between the thermionic electron emitter surface and the gas

source chamber. The control unit arranged to apply an electrical potential to the electron 

extraction grid for attracting emitted thermionic electrons towards the grid. The grid is permeable 
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to thermionic electrons from the electron source, and is preferably reticulated or porous or 

otherwise provided with through-holes arranged in communication with the thermionic electron 

emitter surface such that thermionic electrons attracted to the electron extraction grid are 

permitted to pass through the electron extraction grid from a side thereof facing the thermionic 

electron emitter surface to a side thereof facing the gas-source chamber. The anode is 

preferably arranged between the gas-source chamber and the side of the electron extraction 

grid facing the gas-source chamber. This permits the anode to accelerate towards the gas

source chamber those thermionic electrons which have passed through the electron extraction 

grid. The energy controller may include one or more electron focussing electrodes disposed 

between the thermionic electron emitter surface and the gas-source chamber and in tandem 

with the anode. The one or more focussing electrodes may define, or include, an Einzel lens for 

example, or other ion-optical lens arrangement. The one or more electron focussing electrodes 

may be disposed between the anode and the gas-source chamber, and arranged to focus 

thermionic electrons from the thermionic electron emitter surface into the gas-source chamber 

via an inlet to the latter.

[17] Due to the improved rate of emission of electrons from the electron emitter cathode, for a 

given temperature of the heater element, it has been found that ample electron emission rates 

can be achieved at lower electrical input power levels as compared to existing electron emitter 

systems employing electrically heated electron emitter services/materials. For example, the 

electron emitter cathode may be operable to be heated by the heater element to a temperature 

not exceeding 2000°C when the electrical power input to the heater element does not exceed 

5W. Preferably the electrical input power does not exceed 4W, or more preferably does not 

exceed 3W, yet more preferably does not exceed 2W, or even more preferably does not exceed 

1W. The electrical power input to the heater element may be between about 0.5W and about 

1W. These lower power input ratings enable the electron source to last longer, due to lower 

rates of cathode deterioration, and permit operation at lower temperatures with all of the 

attendant advantages flow from that. The lower rates of cathode deterioration provide improved 

uniformity of electron output improving consistency of the electron source. For example, the 

relatively high rates of deterioration in existing electron emitter cathodes, heated electrically, 

result in inconsistent cathode performance and mechanical instability as the cathode physically 

loses material (“burns out”) in use which often causes it to progressively change shape, 

especially in response to being heated, which has the effect of changing the electron output 

performance. These problems are significantly reduced according to the present invention.

[18] The electron emitter cathode may be selected from: an oxide cathode; an l-cathode or 

Ba-dispenser cathode. The electron emitter cathode may comprise a base part which bears a 

coating of thermionically emissive material presenting the electron emitter surface. When the 

electron emitter cathode comprises a base part bearing a coating, the coating may comprise a 

material selected from: an alkaline earth oxide; Osmium (Os); Ruthenium (Ru). The work 
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function of the electron emitter surface, at a given temperature, may be reduced by the 

presence of the coating. For example, the coating material may provide a work function less 

than 1,9eV at a temperature not exceeding 1000°C. When no coating is used, the work function 

of the electron emitter surface may be greater than 1.9eV at a temperature not exceeding 

1000°C. Many other types of possible emitter material (e.g. Tungsten, W; Yttrium Oxide, e.g. 

Y2O3; Tantalum, Ta; Lanthanum/Boron compounds, e.g. LaBe) are available.

[19] The base part may comprise Tungsten or Nickel. The base part may be a metallic 

material which separates the coating from the heater element.

[20] Oxide cathodes are generally cheaper to produce. They may, for example, comprise a 

spray coating comprising (Ba,Sr,Ca)-carbonate particles or (Ba,Sr)-carbonate particles on a 

nickel cathode base part. This results in a relatively porous structure having about 75% porosity. 

The spray coating may include a dopant such as a rare earth oxide e.g. Europia or Yttria. These 

oxide cathodes offer good performance. However other types of cathode may be employed 

which may be more robust to being exposed to the atmosphere (e.g. when the mass 

spectrometer is opened).

[21] So-called Ί-cathodes’ or ‘Ba-dispenser’ may comprise a cathode base consisting of 

porous tungsten, e.g. with about 20% porosity, impregnated with a Barium compound. The base 

part may comprise tungsten impregnated with a compound comprising Barium Oxide (BaO). For 

example, the Tungsten may be impregnated with 4BaO.CaO.AI2O3, or other suitable material.

[22] The electron source may comprise a sleeve which surrounds the heater element, wherein 

the electron emitter surface resides at an end of the sleeve.

[23] The heater element may comprise a metallic filament coated with a coating comprising a 

metal oxide material.

BRIEF DESCRIPTION OF DRAWINGS

[24] Figure 1A schematically illustrates a tungsten filament coil electron emitter of the prior art;

[25] Figure 1B schematically illustrates an ion source of a gas-source mass spectrometer, 

employing the electron emitter of Figure 1 A;

[26] Figure 2 schematically illustrates an electron source of a preferred embodiment of the 

invention;

[27] Figure 3 schematically illustrates an ion source of a gas-source mass spectrometer, 

employing the electron source of Figure 2;

[28] Figure 4 shows a plot of the trap current (‘ionising’ current) generated by existing 

electrically heated filament technology (see Fig.lB) as a function of filament temperature. Note 

that there is no stable region of emission over the temperature range;
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[29] Figure 5 shows a plot of the trap current (‘ionising’ current) generated by a radiatively 

heated filament according to an embodiment of the invention (see Fig.3) as a function of heating 

filament temperature. Note, the same emission levels are achieved as the filament of Fig. 4 but 

at much lower temperatures, and there is also a region of stable emission at its operating 

current of 800mA;

[30] Figure 6 shows the graphs of Fig.4 and Fig.5 together on the same scale to clarify the 

very different operating characteristics and temperatures of operation;

[31] Figure 7 schematically illustrates an ion source of a gas-source mass spectrometer, 

employing the electron source of Figure 2;

[32] Figure 8A schematically shows the distribution of thermionic electron energies from a 

heated coil electron source of the type shown in Fig.1 A;

[33] Figure 8B schematically shows the distribution of thermionic electron energies from a 

heated coil electron source of Fig.2;

[34] Figure 8C schematically shows the distribution of the number of ions (per thermionic 

electron, per cm of electron travel, per mmHg of gas pressure) of a target/sample gas as 

generated by a gas-source mass spectrometer, plotted as a function of thermionic electron 

energy.

DESCRIPTION OF EMBODIMENTS

[35] Fig. 1A schematically shows an electron source according to the prior art, for a gas

source mass spectrometer. The electron source comprises a tungsten wire filament coil 1 

having opposite respective wire ends electrically connected to a current input terminal 4 having 

a first electrical potential, and a current output terminal 5 having a second electrical potential 

different to the first electrical potential thereby causing an electrical current to flow through the 

filament coil 1. Sufficient current flows to cause the tungsten filament coil to heat (e.g. 

incandescently) to a temperature sufficient to cause the surface of the filament coil to emit 

electrons thermionically from its surface. That is to say, the thermal energy acquired by the 

electrical heating effect of the electrical current passing though the filament coil is sufficient to 

imbue electrons in the filament coil to acquire an energy exceeding the surface work function of 

the filament coil.

[36] Although electrons are emitted generally omni-directionally from the filament coil 1, those 

electrons emitted in a preferred direction (3) are selected for input into a gas-source chamber of 

a gas-source mass spectrometer with which the filament coil 1 is in communication via an 

electron input slit 2 formed in a side wall of the chamber adjacent which the filament coil 1 is 

situated.

[37] Figure 1B illustrates the structure of the gas-source chamber of a gas-source mass 

spectrometer employing the filament coil 1. The gas-source mass spectrometer includes a gas
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source block 7 within a wall of which the electron input slit 2 is formed adjacent the filament coil 

1 (which is external to the gas-source block). Electrons emitted by the filament coil 1 are 

attracted towards the gas-source block 7 by the potential difference (negative relative to the 

source) used to accelerate the thermionic electrons to a desired energy. The electron voltage 

potential is the potential difference (in volts) between the filament and the gas-source block. Its 

role is two-fold: the direction of the potential field causes the electrons to accelerate towards the 

gas-source block; while the magnitude of the potential provides sufficent energy to cause 

ionisation events.

[38] The electrons pass through a slit into the chamber of the gas-source block as an electron 

beam for use in ionisation of the source gas injected therein (gas injection means not shown). 

Electrons from the electron beam 6 are collected on the opposite side, after passing through an 

electron output aperture 15 formed in a wall of the gas-source block and opposing the electron 

input aperture. The electrons are so collected by an electron trap unit 9 held at a positive 

voltage relative to the source block. This electron beam traverses the chamber of the gas

source block along a beam axis which lies just behind the ion exit slit 10 so that ions which are 

formed by the impact of electrons on the neutral source-gas molecules can be efficiently drawn 

out of the chamber by the penetrating ‘extraction’ electric field created by Y focus plates 11. The 

extracted ion beam is directed to an output slit 12 formed in a plate to collimate the ion beam 13 

for onward manipulation/use within the mass spectrometer.

[39] The ion extraction field is modified by the presence of an ion repeller plate 8 inside the 

source block chamber. The ion repeller plate is normally operated at a negative potential to 

ensure that the gas ions are formed, by bombardment from the thermionic electrons of the 

electron beam 6, in a region of relatively low electric field gradient. The ionising electron beam 6 

is constrained in its passage between the filament coil 1 and the electron trap unit 9 by the 

presence of two collimating magnets 14 which produce a field of over 200 Gauss parallel to the 

required electron beam axis. This field also serves to increase the path length of the electrons 

which increases the probability of impact with a gas atom/molecule, and its ionisation. The ions 

extracted from the ionisation region pass between the Y-focus plates 11 and are brought to a 

focus in the region of the defining slit 12. The image formed is normally smaller than the width of 

the slit 12. This reduces mass discrimination in the source due to the presence of the magnetic 

field from the source magnets.

[40] The remaining part of the mass spectrometer for which the apparatus of Fig.lB forms an 

ion source, are not shown or discussed herein, however, a detailed example of such a gas

source mass spectrometer employing an electrically heated electron source filament, is 

described in US2,490,278 (A.O.C Nier), and also in the following paper, with reference to Fig.2 

therein:
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[41] “A Mass Spectrometer for Isotope and Gas Analysis"·. Alfred O. Nier. The Review of 

Scientific Instruments, Volume 16, Number6, page 398, June 1947.

[42] It is desirable to increase the sensitivity of the mass spectrometer by creating more 

ionising electrons which will lead to increased precision of the measured ion beam signal. The 

mass spectrometer may be used to precisely measure ion beam currents. The limit to precision 

is governed by the size of the ion beam current relative to the noise floor of the system. Larger 

ion beam currents generate a higher signal/noise ratio and thus more precise data. Larger ion 

beams are achieved by successfully ionising more sample, so the presence of more electrons 

will fund this increase in ionisation. The tungsten filament 1 emits electrons by thermionic 

emission. Higher temperatures mean higher electron yields but this drastically reduces the life of 

the filament, and increases the local temperature of the source region. This can cause volatile 

hydrocarbon interferences to become more prevalent.

[43] Standard operating conditions of the mass spectrometer demand a stable thermionic 

electron beam current to be measured by the electron trap unit 9. The magnitude and the 

inherent stability of the electron trap current determine the size and stability of the ion beam. 

The tungsten filament is operated by passing a current through the wire, and the current 

required to achieve a typical operational electron trap current of 200μΑ is approximately 2.4A 

driven at 2.5V (Total power ~6W). Typically, the tungsten filament runs at approximately 

2000°C to get the required emission.

[44] A mass spectrometer according to an embodiment of the invention is illustrated in Fig.3. It 

differs from the arrangement of Fig. 1B in that the tungsten coil filament is replaced by a cathode 

filament 20 which is schematically illustrated (in part cross-section) in Fig.2. It is to be noted that 

the arrangement shown in Fig.3 dos not include the collimating magnets 14 of Fig.lB. This is 

because of the significantly higher electron flow rates achievable according to the invention. 

Collimation using collimator magnets, to increase electron beam intensity (i.e. rate of flow per 

unit area transverse to the beam), has been found to be no longer necessary, although 

embodiments of the invention may include collimator magnets if desired. Ample electron beam 

intensity is achievable due to the enhanced electron flow rates, according to the invention.

[45] The operation of the apparatus of Fig.3 is otherwise the same as that of Fig.lB, except 

for the operation of the cathode filament 20 which is now described with reference to Fig.2, and 

the absence of collimating magnets 14.

[46] The cathode filament electron source 20 comprises a separated heater element 24 and 

cathode surface 26.

[47] The electron source includes an electron emitter cathode (25, 26) presenting a thermionic 

electron emitter surface 25 in communication with the gas-source chamber 7 of the gas-source 

mass spectrometer for providing electrons 6 to it. A heater element 24 is electrically isolated 

from the electron emitter cathode (25,26) and arranged to be heated by an electrical current 
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therein and to radiate heat to the electron emitter cathode sufficient to liberate electrons 

thermionically from the electron emitter surface. This provides the source of electrons 6 for use 

in ionising a gas the gas-source chamber.

[48] A benefit of this arrangement is that the emitting surface is exposed to a more uniform 

acceleration potential resulting in a narrower energy spread of electrons. Consequently, most or 

all thermionic electrons reside at the same place, or region, within the accelerating electrical 

potential thereby improving the uniformity of thermionic electrons generated for use in ionising a 

target gas.

[49] A electrical heating current is not passed through the electron emitter surface 26. 

Instead, an electrical heating current is passed through a separate heating element 24 which 

becomes heated to sufficient temperature, to radiate heat electromagnetically (e.g. IR radiation) 

to the electron emitter cathode (25, 26). The cathode absorbs radiated heat energy and emit 

electrons thermionically in response to that.

[50] A flow rate of electrons across the gas chamber, in the electron beam, may exceed 

500μΑ or more. The flow rate of electrons across the gas chamber, in the electron beam, may 

be between 0.5mA and 10mA, e.g. 1mA or several mA. These electron flow rates may be 

achievable when the temperature of the electron emitter cathode is less than 2000° C, e.g. 

about 1000° C. The electron emitter cathode (26, 25) is able to be heated by the heater element 

24 to a temperature up to 2000°C when the electrical power input to the heater element is less 

than 5W. Indeed, typically, the electrical power input to the heater element 24 may be between 

about 0.5W and about 1W.

[51] The electron emitter cathode (26, 25) is an oxide cathode. In other embodiments an I- 

cathode (also known as a Ba-dispenser cathode) may be used. It comprises a Ni base part 25 

which bears a coating of thermionically emissive material 26 presenting the electron emitter 

surface. The coating comprises (Ba,Sr,Ca)-carbonate particles or (Ba,Sr)-carbonate particles on 

a nickel cathode base part. The electron source 20 comprises a Nichrome sleeve 23 which 

surrounds the heater element 24. The electron emitter surface 26 and base part 25, collectively 

reside at an end of the sleeve. The base part 25 forms a cap enclosing tat end of the sleeve. 

The sleeve serves to concentrate heat from the heater element upon the base part 25, which 

conducts heat to the emitter coating 26.

[52] The heater element comprises a tungsten filament 21 coated with an alumina coating. 

This provides electrical isolation between the heating current within the heater element and the 

electron emitter cathode ((25, 26).

[53] The invention offers greater electron emission at lower temperatures as compared to the 

tungsten filament. Typical operation requires 6.3V at 105mA which is approximately 0.6W of 

power. The local temperature on the cathode is then about 1000°C. This produces about 1mA 

of electron trap current and a corresponding 5-fold sensitivity increase of the resulting ion beam 
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produced by electron bombardment ionisition of a source gas via the electron beam 6. The 

lifetime of the cathode filament 20 is estimated to be more than 10 years, which far exceeds the 

ordinary operating lifetime of the tungsten coil filament 1, if it were to produce a comparable 

emission current..

[54] Benefits of using cathode as a replacement for the tungsten filament 1 include the 

following.

[55] Higher electron emissions·, by a factor of about 5-10 with a comparable lifetime to the 

existing tungsten filamentl . The tungsten filament coil 1 may produce similar emissions but the 

lifetime is considerably reduced before replacement is necessary. A filament replacement 

potentially causes months of down-time.

[56] Lower operating temperatures·. This reduces the presence of hydrocarbon volatiles in the 

vacuum which are ionised and interfere with the isotope species of interest.

[57] The higher levels of emission·. This means that the external magnetic field (magnets 14) 

can be removed. This avoids unwanted effects of this field on the mass analyser. Ion mass 

discrimination between isotopes is possible, as this tends to be non-linear over a given range of 

partial pressures of a sample/target material.

[58] No voltage drop across the cathode·. This cannot be avoided when using the tungsten 

filament coil 1. This provides a more homogenous electron energy which will provide greater 

control on sensitivity.

[59] Mechanical stability. This improves the consistency of the electron source and the ion 

source which uses it, and avoids step changes in operation during cathode lifetime.

[60] Extended lifetime·. The lower operating temperature and conservative design of the 

cathode 20 results in extended useful life of the cathode coupled with low rates of filament 

deterioration.

[61] The results of comparative tests in a Nier source noble gas mass spectrometer 

instrument are illustrated with reference to figures 4 to 6. These illustrate some of the benefits of 

the electron source of preferred embodiments of the invention, such as illustrated in Fig. 3, 

when compares to existing systems such as illustrated in Fig.lB.

[62] Figures 4 to 6 show the ‘trap current’ as a function of cathode temperature. The trap 

current is a fixed proportion of the total emission of the cathode and is a measure of the number 

of electrons flowing through the ionisation region within the source block 7, in the Nier source. 

Trap current was measured with high precision in a closed-loop control to stabilise operating 

conditions in the source.

[63] Figure 4 shows a plot of the trap current (‘ionising’ current) generated by existing 

electrically heated filament technology (see Fig.lB) as a function of filament temperature. Note 
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that there is no stable region of emission over the temperature range. Figure 5 shows a plot of 

the trap current (‘ionising’ current) generated by a radiatively heated cathode according to an 

embodiment of the invention (see Fig.2; Fig.3) as a function of heating filament temperature. 

Note, the same emission levels are achieved as the filament of Fig. 4 but at much lower 

temperatures, and there is also a region of stable emission at its operating current of 800μΑ. 

Figure 6 shows the graphs of Fig.4 and Fig.5 together on the same scale to clarify the very 

different operating characteristics and temperatures of operation.

[64] We see in Fig.6 that the cathode 20 produces comparable levels of emission at a 

temperature of around 1000°C lower than that of the tungsten filament 1. This is a significant 

step forward to reduce interferences from thermally derived contaminants due to stray 

hydrocarbons in vacuum.

[65] To obtain the plot of Fig.4, the tungsten filament coil 1 was driven about 400% harder 

than would typically be used (i.e. electron trap current is usually at about 200μΑ). An electron 

trap current of 200μΑ in the system of Fig.lB offers a compromise between achieving an 

acceptable level of sensitivity (higher electron density increases ionisation allowing lower levels 

of sample to be detected), and longevity (higher filament currents degrade the filament 1 more 

rapidly). Some users of the system of Fig.lB operate their filaments 1 at very high temperature 

to detect small samples, and accept the cost and disruption of downtime to replace the filament

1. The cathode 20 according to the invention may operate for many years, even at the higher 

‘plateau’ region (e.g. 800μΑ in Fig.5) of its characteristic so it achieves high sensitivity without 

compromising lifetime.

[66] Figure 7 schematically illustrates an ion source of a gas-source mass spectrometer, 

employing the electron source of Figure 2. This is a variant of the arrangement described with 

respect to Fig.3 above.

[67] The electron source (20, 30, 31,32) includes an energy controller arranged for controlling 

the energy of electrons output by the electron source. The energy controller includes an anode 

(31) disposed between the thermionic electron emitter surface of the cathode (20) and the gas

source chamber. The energy controller includes a control unit (not shown) arranged to apply a 

variable electrical potential to the anode for accelerating electrons emitted from the thermionic 

electron emitter surface of the cathode in a direction towards the gas-source chamber. An 

electron extraction grid (30) is disposed between the thermionic electron emitter surface of the 

cathode (20) and the gas-source chamber. The control unit is arranged to apply an electrical 

potential to the electron extraction grid for attracting emitted thermionic electrons towards the 

grid. The grid is permeable to thermionic electrons from the electron source, and is reticulated 

for this purpose such that thermionic electrons attracted to the electron extraction grid are 

permitted to pass through the electron extraction grid from a side thereof facing the thermionic 

electron emitter surface to a side thereof facing the gas-source chamber.
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[68] The anode (31) is arranged between the gas-source chamber and the side of the electron 

extraction grid facing the gas-source chamber. This permits the anode to accelerate towards the 

gas-source chamber those thermionic electrons which have passed through the electron 

extraction grid. The energy controller includes electron focussing electrode(s) defining an Einzel 

lens (32) disposed between the thermionic electron emitter surface and the gas-source chamber 

in tandem with the anode. The Einzel lens is disposed between the anode (31) and the gas

source chamber, and is arranged to focus thermionic electrons from the thermionic electron 

emitter surface into the gas-source chamber as an electron beam (6) via an inlet to the gas

source chamber.

[69] The energy controller is arranged to control the energy of thermionic electrons for input to 

the gas-source chamber by controlling the accelerating voltage(s) applied to the anode (31) or 

applied to the extraction grid (30), or both. This controllability is particularly effective and 

beneficial in the present invention due to the relatively narrow spread in the distribution of kinetic 

energy amongst the thermionic electrons emitted from the cathode (20) of the invention, as 

compared to the much broader corresponding distribution of kinetic energy amongst the 

thermionic electrons emitted from a conventional heated coil emitter.

[70] Figure 8A schematically shows the distribution (40) of thermionic electron energies from a 

heated coil electron source of the type shown in Fig.lA. This is a broad Gaussian-like 

distribution caused by the non-uniform and variable voltage distribution along the length of the 

heated coil. The width ΔΕτ (Full-Width at Half Maximum; FWHM) of this energy distribution is 

large, and thermionic electrons have a wide range of energies.

[71] Figure 8B schematically shows the distribution (41) of thermionic electron energies from a 

heated coil electron source of Fig.2. This narrow distribution has a small width ΔΕ2 (FWHM), 

and thermionic electrons have only a relatively small range of energies. The consequence is 

that the control unit of the energy controller may adjust the centre position (Eo) of the energy 

distribution to move it to a different (e.g. lower) centre position (e.g. shifted distribution 42, 

centred upon energy E’o). Accordingly, the control unit of the energy controller is operable to 

adjust the position of the energy distribution of thermionic electrons output thereby, so as to 

optimise the efficiency/probability of an electron causing ionisation of atoms within a 

target/sample gas within the gas-source chamber.

[72] Figure 8C schematically shows the distribution (43) of the number of ions produced per 

thermionic electron, per cm of electron travel within the gas-source chamber, per mmHg of gas 

pressure therein, of a target/sample gas. This ionisation rate is plotted as a function of 

thermionic electron energy. As can be seen, a maximum ionisation probability occurs at a 

thermionic electron energy (Epeak) which is relatively low in energy, and is quite a sharp peak. 

Ionisation probability falls away steadily and rapidly for thermionic electron energies above and 

below this peak energy. A particular benefit of the invention is the ability to position the relatively 
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narrow (i.e. highly-populated) thermionic electron energy distribution of electrons from the 

electron source at, or near to, electron energies encompassing the maximum ionisation 

probability, e.g. such that energy E’o = Epeak. The narrow distribution of thermionic electron 

energies (width ΔΕ2) allows one to better optimise the efficiency of ion production.
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CLAIMS

1. An electron source in a gas-source mass spectrometer the electron source comprising:

an electron emitter cathode presenting a thermionic electron emitter surface in communication 

with a gas-source chamber of the gas-source mass spectrometer for providing electrons there 

to;

a heater element electrically isolated from the electron emitter cathode and arranged to be 

heated by an electrical current therein and to radiate heat to the electron emitter cathode 

sufficient to liberate electrons thermionically from said electron emitter surface, therewith to 

provide a source of electrons for use in ionising a gas the gas-source chamber.

2. An electron source according to any preceding claim wherein the gas-source mass 

spectrometer comprises an electron trap operable to receive electrons from the electron emitter 

cathode which have traversed the gas-source chamber as a current of at least 0.5mA in 

response to the electron emitter cathode being heated by the heater element to a temperature 

not exceeding 2000°C.

3. An electron source according to claim 2 is in which the gas-source chamber is arranged to 

receive electrons from said electron emitter cathode at an electron input opening shaped to form 

an electron beam within the gas-source chamber which is directed towards the electron trap 

without the use of a collimator magnet.

4. An electron source according to any of claims 2 and 3 in which the electron emitter cathode is 

operable to be heated by the heater element to a temperature not exceeding 2000°C when the 

electrical power input to the heater element does not exceed 5W.

5. An electron source according to any preceding claim in which the electron emitter cathode is 

selected from: an oxide cathode; an l-cathode or Ba-dispenser cathode.

6. An electron source according to any preceding claim in which the electron emitter cathode 

comprises a base part which bears a coating of thermionically emissive material presenting the 

electron emitter surface.

7. An electron source according to claim 6 in which said coating comprises a material selected 

from: an alkaline earth oxide; osmium (Os); ruthenium (Ru).
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8. An electron source according to claim 6 in which the base part comprises tungsten or nickel.

9. An electron source according to claim 8 in which the base part comprises tungsten impregnated 

with a compound comprising barium oxide (BaO).

10. An electron source according to any of claims 6 to 9 in which the base part is a metallic material 

which separates the coating from the heater element.

11. An electron source according to any preceding claim comprising a sleeve which surrounds the 

heater element, wherein the electron emitter surface resides at an end of the sleeve.

12. An electron source according to any preceding claim in which the heater element comprises a 

metallic filament coated with a coating comprising a metal oxide material.
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