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Handheld material analyser

[0001] This invention relates to a handheld material analyser, and a method for analysing

a material sample using a handheld material analyser.

BACKGROUND

[0002] In the metal production and deployment industry, materials such as construction

steel and other alloys, need to be analysed frequently for house-keeping and quality

control purposes. For example, it may be desired to identify the material or to monitor

whether the material composition conforms to the specification.

[0003] Additionally, there is a growing requirement for material identification of actual

components of a shipped product, rather than relying on general supplied material

certification.

[0004] Typically, samples such as shavings or pieces of the material to be analysed are

sent to a laboratory for analysis. This is expensive in samples sent and is also time

consuming, further increasing the cost of such analysis and creating delays in production.

BRIEF SUMMARY OF THE DISCLOSURE

[0005] Embodiments of the invention are sent forth in the appended claims.

[0006] In one of aspect of the invention there is provided a handheld material analyser

comprising an air-tight chamber having an analysis aperture; an electron beam generation

system adapted to direct a beam of electrons through the analysis aperture; an Energy-

Dispersive X-ray (EDX) spectroscopy system having a detector adapted to detect the

results of the electron beam impacting the material to be analysed; the chamber being

adapted to operate at internal pressures between atmospheric pressure and a vacuum of

the order of or below 1 Pa, and having an outlet adapted to be connected to a vacuum

pump; and a gas inlet adapted to receive an inert gas suitable for generating a plasma in

the region of the photocathode, such that the plasma cleans the photocathode.

[0007] The analysis aperture may be surrounded by a seal suitable for forming a

temporary air-tight seal against a material surface to be analysed.

[0008] The electron beam generation system may comprise a focussed LED adapted to

illuminate a photocathode, wherein the photocathode is located in the chamber.

[0009] Optionally the detector of the EDX system is located in the chamber.

[0010] The chamber may comprise a beam generation chamber separated from a

sample chamber by a normally closed air-tight separation valve, which in an open position



provides a path for the beam of electrons to reach the aperture. The outlet may be located

in the sample chamber. The EDX detector may be located in the beam generation

chamber.

[0011] The gas inlet may be located in the beam generation chamber. The gas inlet may

be connected to a gas supply system. The handheld material analyser may comprise a

calibrated leak washer for admitting gas to the chamber through the gas inlet.

[0012] Optionally, the outlet is connected to a single stage vacuum pump.

[0013] The outlet may be connected to a mobile vacuum indication and monitoring unit.

[0014] Optionally, the photocathode is aluminium.

[0015] The LED may have a wavelength of 300 nm.

[0016] The handheld material analyser may comprise a control module adapted to

assess the efficacy of the electron beam generation system. The control module may be

further adapted to trigger cleaning of the photocathode if the efficacy drops below a

threshold.

[0017] The handheld material analyser may comprise a high voltage power supply

connected to the photocathode. The efficacy of the electron beam generation system may

be assessed by monitoring current drained therefrom.

[0018] The high voltage power supply may be adapted to provide a voltage to the

photocathode of below or equal to 5 kV during electron beam generation. The high

voltage power supply may be adapted to provide a voltage below or equal to2 kV during

cleaning.

[0019] The EDX spectroscopy system further may comprises a spectrometer for counting

X-rays detected by the detector and the efficacy of the electron beam generation system is

assessed by monitoring the number of detected x-rays per unit time.

[0020] The chamber may be adapted to operate at an internal pressure below 1 Pa.

[0021] In another aspect of the invention there is provided a method for analysing a

material sample using a handheld material analyser, the handheld material analyser

having a chamber with an analysis aperture, the steps of the method comprising applying

the analysis aperture to a surface of a material to be analysed such that an air-tight seal is

formed; establishing a pressure of the order of or below 1 Pa within the chamber;

generating a beam of electrons from a photocathode and directing the beam of electrons

at the surface through the analysis aperture; analysing X-ray emissions from the surface

resulting from the impact of the beam of electrons to determine the elemental composition

of the material sample; the method further comprising assessing the efficacy of the step of



generating a beam of electrons, and if the efficacy is below a threshold, initiating a

cleaning cycle, wherein the cleaning cycle comprises forming a plasma in the region of the

photocathode.

[0022] The method may include generating a beam of electrons in the chamber.

Preferably, generating the electron beam comprises illuminating a photocathode within the

chamber with a focussed LED.

[0023] Forming a plasma may comprise adjusting the potential between the chamber

and photocathode; and providing an inert gas to the chamber through a gas inlet to

generate a pressure in the order of 10 Pa.

[0024] Optionally, the step of assessing the efficacy comprises measuring the current

drain from a high voltage power supply powering the photocathode.

[0025] The step of assessing the efficacy may comprise counting characteristic X-rays

emitted by the sample in response to the electron beam.

[0026] The step of adjusting the potential between the chamber and the photocathode

may comprise setting the potential at around 2 kV.

[0027] Optionally, the cleaning cycle further comprises deactivating the focussed LED.

[0028] The chamber may comprises a beam generation chamber separated from a

sample chamber by normally closed air-tight separation valve, which in an open position

provides a path for the beam of electrons to reach the aperture, wherein the sample

chamber comprises the outlet which is connected to a vacuum pump and the method may

comprise the further steps of, after applying the analysis aperture to the surface,

establishing a pressure in the order of 10 Pa within the sample chamber, then opening the

separation valve, and establishing a pressure of the order of or below 1 Pa within the

chamber

[0029] Optionally, the vacuum pump is a fore-vacuum pump.

BRIEF DESCRIPTION OF THE DRAWINGS

[0030] Embodiments of the invention are further described hereinafter with reference to

the accompanying drawings, in which:

Figure 1 is a block diagram of example material analyser;

Figure 2 is a diagram of example material analyser;

Figure 3 is a flowchart of a method of operating the material analyser;

Figure 4 is a diagram of an alternative material analyser, having a separation

valve;



Figure 5 is a diagram of the material analyser of Figure 5 ; and

Figure 6 is a flowchart of an alternative method of operating the material analyser.

DETAILED DESCRIPTION

[0031] Referring to Figures 1 and 2 , there is shown a handheld material analyser 100

directed at a sample 102 of a material to be analysed.

[0032] The handheld material analyser 100 comprises an air-tight chamber 1 adapted to

operate at a low pressure, for example down to a pressure of 1 Pa or below. The chamber

may be referred to as a vacuum chamber. The chamber may have a volume in the range

10 - 20 cm3.

[0033] The handheld material analyser 100 comprises an electron beam generation

system 104, which in turn comprises a photocathode 2 , a focussed Light Emitting Diode

(LED) 3 , adapted to directed a beam of light at the photocathode 2 , and electron beam

lenses 4 . The electron beam generation system 104 generates a beam of electrons 5

when the LED illuminates the photocathode. The electron beam lenses 4 shape the

emitted electrons into a suitable beam, by collecting the emitted photocathode electrons.

The beam may have a diameter in the region of 1 mm to 3 mm. The electron beam lenses

4 may be electrostatic components or of combined magnetic-electrostatic type. Typically,

when the beam generation module is operating efficiently, the electron beam may provide

a current of above 1nA.

[0034] The LED may emit ultraviolet (UV) light having a wavelength approximately equal

to or less than 300 nm. The photocathode may be made from magnesium, aluminium,

manganese, silver or other suitable materials with the work function around or above 4 eV.

It will be apparent to the person skilled in the art that a number of combinations of LED and

photocathode material may be used to generate a suitable electron beam, where for any

such combination, the energy of the LED light should be above the work function of the

photocathode.

[0035] To facilitate the generation of the electron beam, the photocathode is maintained

at a negative potential, approximately up to 15 keV, in relation to the chamber walls and

the material of interest. This voltage is provided by the power supply 110. The power

supply allows the voltage to be adjusted. Preferably, the power supply is compact in size,

mobile and derives its energy from a rechargeable source. A suitable power supply may

be the Ultravolt Model 25C24-N60 for example.

[0036] The chamber 1 of the handheld material analyser 100 further comprises an outlet

connected to a vacuum system 108. The vacuum system comprises a vacuum pump (not

shown) suitable for generating a pressure of 1 Pa or below and a mobile vacuum indication



and monitoring unit, which may comprise a vacuum gauge. Preferably, the vacuum pump

is sufficiently small in size to be easily transportable. Typically, the vacuum pump is a

pump as may be described as a fore-vacuum pump, coarse vacuum pump or roughing

pump. During electron beam operation, the chamber vacuum should be of a sufficient level

to prevent plasma discharge.

[0037] The electron beam is directed out of an aperture in the chamber 1. The aperture

is located opposite the photocathode 2 . The aperture is adapted to pass the electron beam

to the material. The edge of the aperture is surrounded by a seal that allows an air-tight

contact to be made against the surface of the material sample to be analysed. The seal

allows the creation and maintenance of a vacuum in the chamber of the analyser during

analysis.

[0038] When the handheld material analyser 100 is in place on a sample material to be

analysed, the electron beam impinges on the material, resulting in the emission of

atomically specific X-rays 11 from the sample. These X-rays 11 travel back through the

aperture into the chamber 1. The X-rays 11 excited by electrons 5 of the electron beam are

characteristic of the material on which the electron impacts. Therefore, by analysing the X-

ray energy spectra 11 emitted in response to the electron beam, it is possible to obtain

information on the elements comprised in the sample material.

[0039] The chamber 1 further comprises an inert gas inlet 112 through which an inert

gas, such as argon, may be admitted into the chamber.

[0040] The handheld material analyser 100 further comprises an Energy-dispersive X-ray

spectroscopy (EDX) system, having a detector 7 in the chamber 1. The EDX detector 7 is

located adjacent the aperture. Preferably, the EDX detector 7 is located at a distance that

provides for efficient capture of the emitted x-rays 11 . In an example, the detector 7 is

located within tens of millimetres of the aperture. The EDX detector may be fitted with a

magnetic electron trap and ultrathin polymeric window with collimator system. The

collimator system reduces background x-ray collection. Optionally, the inside of the

chamber adjacent to the aperture may be formed of or coated with a material of a low

atomic number lower than or equal to that of Magnesium so as to reduce the background

X-ray level. For example, the coating may be of boron. The detector 7 may in comprise

one or more individual detectors (not shown). Additionally or alternatively, the detector 7

may comprise a detector array (not shown).

[0041] The handheld material analyser 100 further comprises a control module 114. The

control module 114 controls the operation of the device to allow it to function as required.

The control module may also receive data from the EDX spectrometer and provide signal

acquisition and analysis. In a preferred embodiment, the x-ray spectra will be wirelessly



transferred to computing device such as a laptop, tablet or handheld device which will

identify the atomic species by known "X-ray fingerprints" from the spectra and quantify the

results, using dedicated software.

[0042] The focussed LED and photocathode are chosen and arranged to ensure a beam

of electrons is generated providing sufficient current to generate, on impact with the

material to be analysed, a sufficient level of x-rays in a reasonable time period. Preferably,

a sufficient number of characteristic X-rays would be accumulated in approximately 1

minute or faster. Experimentally, it has been shown that a current of 1nA or greater

typically results in the accumulation of sufficient numbers of counted X-rays

[0043] Oxidation may occur on the photocathode 2 as a result of exposure of the

photocathode to air and due to operating the photocathode at the operational pressures of

the handheld material analyser 100. Oxidation of the photocathode can reduce the number

of photoelectrons emitted in response to illumination by the focussed LED 3 . In this way,

oxidation of the photocathode may result in insufficient current to generate sufficient flux of

X-rays for analysis.

[0044] Referring now to Figure 3 , a method 300 of operation of the handheld material

analyser 100 is described. Firstly, a sample surface of the material to be analysed is

cleaned of debris and oxides in preparation for analysis. In step 302, the handheld material

analyser 100 is placed in contact with the surface of the sample 102, such that an air-tight

contact is formed between the seal surrounding the aperture and the surface. In step 304,

the vacuum system 108 is operated to establish a low-pressure environment, with a

pressure of the order of 1 Pa, within the chamber. A vacuum below 1 Pa may be

established. Typically, a suitable vacuum of around 1 Pa will be established in

approximately 60 seconds. Next, in step 306, the electron beam generation system 104 is

operated so that a beam of electrons is directed at the surface of the material through the

aperture. These photoelectrons impacting on the material of interest generate X-rays. In

step 308, the efficacy of the electron beam generation system 104 is monitored. This may

be done in a number of ways, including monitoring the current drawn from the power

supply, or by measuring the count rate for X-rays detected by the EDX detector 7 , where

the count rate is the number of X-rays detected per second. In step 310, the efficacy of the

electron beam generation system 104 is compared to a threshold. If the drawn current is

being monitored, the threshold may be 1 nA, while for the X-ray count rate the threshold

may be 10,000 x-rays per second. If the efficacy is above the threshold, the method

proceeds to step 312, where EDX analysis is carried out on the emitted X-ray spectra as

accumulated by the EDX detector. The emitted X-rays represent a "fingerprint" of atomic

species presented in the material of interest. The detector 7 detects the X-rays emitted by



the material and their energy is analysed by an Energy Dispersive Energy X-ray analyser

7 . In this way, the X-Ray spectra of the emitted X-ray 11 allow the elements in the material

and their concentration to be obtained. The analysis may take a few seconds to a few

minutes, depending on the quantification accuracy desired. The finals results are provided,

via the control module 114 in step 314.

[0045] If the efficacy is below the threshold in step 310, the method proceeds to initiate a

photocathode cleaning operation. The cleaning process comprises, in step 316, adjusting

the chamber conditions, which may include powering off the LED and detector and

lowering the voltage on the photocathode to approximately to 2 kV. Then, in step 318, an

inert gas such as argon is admitted into the chamber such that a plasma is formed near

the photocathode. The plasma initiation and conditions may be monitored by the high

voltage power supply current. The inert gas may be admitted by way of a calibrated leak.

Such a calibrated leak, which may comprise a washer having a calibrated hole, is a small

and simple way of controlling the admission of the gas the chamber. Typically, sufficient

argon is admitted to provide a pressure of the order of 10 Pa in the chamber. The

pressure in the chamber is dynamic and is a balance between inert gas leaking in and

vacuum pumping. Ion bombardment of the photocathode by the plasma cleans the

photocathode surface, removing any oxidation that has built up on the surface of the

photocathode. This cleaning process may also be referred to as sputter cleaning. The

cleaning process typically takes less than 1 minute. Once the cleaning is finished, the inert

gas leak is closed, the required vacuum is re-established and the devices are powered up

and the analysis operation is completed. The photocathode cleaned of oxidation will once

more provide enough electrons to generate a sufficient level of characteristic X-rays from

the material under analysis. If, after the cleaning process is complete, the electron beam

generation system is still not operating above the efficacy threshold, a further cleaning

operation may be implemented. Alternatively, if one or two cleaning operations have not

worked to improve electron generation sufficiently, then further analysis of the device may

be required to diagnose the problem and provide necessary repairs.

[0046] Referring now to Figures 4 , there is shown an alternative embodiment of

handheld material analyser, indicated generally by the reference numeral 400. The

handheld material analyser 400 of Figure 4 is similar to that of Figure 2 , however the

handheld material analyser 400 comprises an air-tight separation valve 6 that divides the

chamber 1 into a beam generation chamber 402 and a sample chamber 404. The beam

generation chamber 402 comprises the photocathode 2 , focussed LED 3 , electron beam

lenses 4 , EDX detector 7 and gas inlet 112. The sample chamber 404 comprises the

aperture and outlet to the vacuum system 108. The sample chamber 404 comprises a



coating 10 of a material of low atomic number Z , such as boron, to reduce X-ray

background in the sample chamber 404 and so improve the X-ray detection limit by the

EDX detector 7 . The EDX detector 7 is shown fitted with a collimator and electron trap 9 to

reduce capture of background X-rays 11 by the detector 7 . Figure 4 further shows a

variable high voltage power supply 420 connected to the photocathode 2 and further

power supply 422 connected to the electron beam lenses 4 .

[0047] In Figure 5 , an example mechanism for operating the separation valve 6 is shown.

The mechanism comprises a hinged lever 450, having a handle end 452 and a valve end

454, affixed to the outside of the handheld material analyser 400. When the handle end

452 is moved towards the walls of the analyser 400, the valve end 454 moves so as to

open the separation valve and so provide a path for electrons from the beam generation

chamber 402 through the sample chamber 404 to the aperture. It will be apparent to the

person skilled in the art that such a valve mechanism is one of many suitable mechanisms,

manual and/or automated, to allow the separation valve 6 to be controlled in use. By

providing for closing off the beam generation chamber in this way, it is possible to reduce

the exposure of the photocathode to air and so reduce the oxidisation of the photocathode.

This will provide a longer time between photocathode cleaning operations.

[0048] Referring now to Figure 6 , there is shown a flowchart of a method 600 of

operation of the handheld material analyser 400. In step 602, the handheld material

analyser 400 is placed in contact with the surface of the sample 102, with the separation

valve 6 in the closed position. An air-tight contact is formed between the seal surrounding

the aperture and the surface. In step 604, the vacuum system 108 is operated to establish

an initial vacuum environment in the sample chamber 404, with a pressure of the order of

10 Pa. Typically, a suitable vacuum will be established in approximately 60 seconds. In

step 606, the separation valve 6 is opened such that the chambers are no longer

separated. Next, in step 608, an operational vacuum environment in implemented in the

combined chambers by bringing the pressure down to the order of 1 Pa or below therein.

In step 610, the electron beam generation system 104 is operated by powering the

focussed LED 3 , photocathode 2 and beam lenses 4 so that a beam of electrons 5 is

directed at the surface of the material 102 through the aperture. These photoelectrons

impacting on the material of interest generate X-rays. In step 612, the efficacy of the

electron beam generation system 104 is monitored. This may be done in a number of

ways, including monitoring the current drawn from the high voltage power supply, or by

measuring the count rate for x-rays detected by the EDX detector 7 , where the count rate

is the number of X-rays detected per second. In step 614, the efficacy of the electron beam

generation system 104 is compared to a threshold. If the drawn current is being monitored,



the threshold may be 1 nA, while for the X-ray count rate the threshold may be 10,000 X-

rays per second. If the efficacy is above the threshold, the method proceeds to step 614,

where EDX analysis is carried out on the emitted x-rays as accumulated by the EDX

detector. The emitted X-rays represent a "fingerprint" of atomic species presented in the

material of interest. The detector 7 detects the X-rays emitted by the material and their

energy is analysed by an Energy Dispersive Energy X-ray analyser 7 . In this way, the X-

ray energy spectra of the emitted X-ray 11 allow the elements in the material and their

concentration to be obtained. The analysis may take a few seconds to a few minutes,

depending on the quantification accuracy desired. The finals results are provided, via the

control module 114 in step 616. The separation valve is closed before the device is

removed from the material under analysis. In this way, exposure of the photocathode to air

is reduced.

[0049] If the efficacy is below threshold in step 614, the method proceeds to initiate a

photocathode cleaning operation. The cleaning operation comprises, in step 622, adjusting

the chamber conditions, which may include powering off the focussed LED and EDX

detector and lowering the voltage on the photocathode to approximately to 2 kV. Then, in

step 624, an inert gas such as argon is admitted into the chamber such that a plasma is

formed near the photocathode. The inert gas may be admitted by way of a calibrated leak.

Such a calibrated leak, which may comprise a washer having a calibrated hole, is a small

and simple way of controlling the admission of the gas the chamber. Typically, sufficient

argon is admitted to provide a dynamic pressure of the order of 10 Pa in the chamber. Ion

bombardment of the photocathode by the plasma cleans the photocathode surface,

removing any oxidation that has built up on the surface of the photocathode. This cleaning

process may also be referred to as sputter cleaning. The cleaning process can be

monitored by the high voltage current. The cleaning process typically takes less than 1

minute. Once the cleaning is finished, the method reverts to step 606, closing the chamber

separation valve and continuing the remaining steps. The photocathode cleaned of

oxidation will once more provide enough electrons to generate a sufficient level of

characteristic X-rays from the material under analysis. If, after the cleaning process is

complete, the electron beam generation system is still not operating above the efficacy

threshold, a further cleaning operation may be implemented. Alternatively, if one or two

cleaning operations have not worked, then further analysis of the device may be required

to diagnose the problem.

[0050] It will be understood that the focussed LED and/or the detector 7 may be shut

down before the plasma conditions are established



[0051] It will be understood that plasma may be induced in a number of ways and the

disclosure is not limited to those methods described in detail herein. For example, the

focussed LED may remain powered on so as to assist in the generation of the plasma.

[0052] Maintaining the beam generation chamber 402 at the initial low pressure of 10 PA

by closing the separation valve has a number of advantages. Firstly, it is faster to establish

the operational vacuum environment for each test, allowing quick operation of the device.

Secondly, oxidation of the photocathode is reduced, such that less frequent cleaning is

required.

[0053] The material analyser has been described primarily in relation to use in identifying

metals and alloys in an industrial setting, however it will be understood that the underlying

principles apply to all materials. In this way, the material analyser may be used on any

material, as desired.

[0054] Photocathode materials are not limited to elemental targets but can be metal

alloys with the suitable work function.

[0055] The material analyser described herein has been described as mobile. The

chamber portion of the material analyser may be small enough to be handheld, with the

remaining parts of the system, e.g. power supplies, being sufficiently small to be mobile,

that is, easily transportable.

[0056] Throughout the description and claims of this specification, the words "comprise"

and "contain" and variations of them mean "including but not limited to", and they are not

intended to (and do not) exclude other moieties, additives, components, integers or steps.

[0057] Throughout the description and claims of this specification, the singular

encompasses the plural unless the context otherwise requires. In particular, where the

indefinite article is used, the specification is to be understood as contemplating plurality as

well as singularity, unless the context requires otherwise.

[0058] Features, integers, characteristics, compounds, chemical moieties or groups

described in conjunction with a particular aspect, embodiment or example of the invention

are to be understood to be applicable to any other aspect, embodiment or example

described herein unless incompatible therewith. All of the features disclosed in this

specification (including any accompanying claims, abstract and drawings), and/or all of the

steps of any method or process so disclosed, may be combined in any combination,

except combinations where at least some of such features and/or steps are mutually

exclusive. The invention is not restricted to the details of any foregoing embodiments.

The invention extends to any novel one, or any novel combination, of the features

disclosed in this specification (including any accompanying claims, abstract and drawings),



or to any novel one, or any novel combination, of the steps of any method or process so

disclosed.

[0059] The reader's attention is directed to all papers and documents which are filed

concurrently with or previous to this specification in connection with this application and

which are open to public inspection with this specification, and the contents of all such

papers and documents are incorporated herein by reference.



CLAIMS

1. A handheld material analyser comprising

an air-tight chamber having an analysis aperture, the analysis aperture

being surrounded by a seal suitable for forming a temporary air-tight seal against a

material surface to be analysed;

an electron beam generation system comprising a focussed LED adapted to

illuminate a photocathode, wherein the photocathode is located in the chamber and

the electron beam generation system is adapted to direct a beam of electrons

through the analysis aperture;

an Energy-Dispersive X-ray (EDX) spectroscopy system having a detector

located in the chamber;

the chamber being adapted to operate at internal pressures between

atmospheric pressure and a vacuum of the order of or below 1 Pa, and having

an outlet adapted to be connected to a vacuum pump; and

a gas inlet adapted to receive an inert gas for generating a plasma

in the region of the photocathode, such that the plasma cleans the

photocathode.

2 . A handheld material analyser as claimed in claim 1 wherein the chamber

comprises a beam generation chamber separated from a sample chamber by a normally

closed air-tight separation valve, which in an open position provides a path for the beam of

electrons to reach the aperture.

3 . A handheld material analyser as claimed claim 1 or 2 wherein the outlet is located

in the sample chamber.

4 . A handheld material analyser as claimed in claim 2 or 3 wherein the EDX detector

is located in the beam generation chamber.

5 . A handheld material analyser as claimed in any preceding claim wherein the outlet

is connected to a single stage vacuum pump.

6 . A handheld material analyser as claimed in any preceding claim wherein the outlet

is connected to a mobile vacuum indication and monitoring unit.

7 . A handheld material analyser as claimed in any preceding claim wherein the gas

inlet is located in the beam generation chamber.



8 . A handheld material analyser as claimed in any preceding claim wherein the gas

inlet is connected to a gas supply system.

9 . A handheld material analyser as claimed in any preceding claim further comprising

a calibrated leak washer for admitting gas to the chamber through the gas inlet.

10. A handheld material analyser as claimed in any preceding claim wherein the

photocathode is aluminium.

11. A handheld material analyser as claimed in any preceding claim wherein the LED

has a wavelength of 300 nm.

12. A handheld material analyser as claimed in any preceding claim further comprising

a control module adapted to assess the efficacy of the electron beam generation system

and trigger cleaning of the photocathode if the efficacy drops below a threshold.

13. A handheld material analyser as claimed claim 12 further comprising a high voltage

power supply connected to the photocathode and the efficacy of the electron beam

generation system is assessed by monitoring current drained therefrom.

14. A handheld material analyser as claimed in any of claims 1 to 11 wherein the EDX

spectroscopy system further comprises a spectrometer for counting X-rays detected by the

detector and the efficacy of the electron beam generation system is assessed by

monitoring the number of detected x-rays per unit time.

15. A handheld material analyser as claimed in claim 13 wherein the high voltage

power supply is adapted to provide a voltage to the photocathode of below or equal to 15

kV during electron beam generation and below or equal to2 kV during cleaning.

16. A handheld material analyser as claimed in any preceding claim wherein the

chamber is adapted to operate at an internal pressure below 1 Pa.

17. A method for analysing a material sample using a handheld material analyser, the

handheld material analyser having a chamber with an analysis aperture, the steps of the

method comprising

applying the analysis aperture to a surface of a material to be analysed such that

an air-tight seal is formed;

establishing a pressure of the order of or below 1 Pa within the chamber;

generating a beam of electrons in the chamber, by illuminating a photocathode

within the chamber with a focussed LED,

directing the beam of electrons at the surface through the analysis aperture;



analysing X-ray emissions from the surface resulting from the impact of the beam

of electrons to determine the elemental composition of the material sample;

the method further comprising

assessing the efficacy of the step of generating a beam of electrons, and if the

efficacy is below a threshold, initiating a cleaning cycle, wherein the cleaning cycle

comprises

adjusting the potential between the chamber and photocathode;

providing an inert gas to the chamber through a gas inlet to generate a

pressure in the order of 10 Pa such that a plasma is formed in the region of the

photocathode.

18. A method as claimed in claim 17 wherein the step of assessing the efficacy

comprises measuring the current drain from a high voltage power supply powering the

photocathode.

19. A method as claimed in claim 17 wherein the step of assessing the efficacy

comprises counting characteristic X-rays emitted by the sample in response to the electron

beam.

20. A method as claimed in any of claims 17 to 19 wherein the step of adjusting the

potential between the chamber and the photocathode comprises setting the potential at

around 2 kV.

2 1. A method as claimed in any of claims 17 to 20 wherein the cleaning cycle further

comprises deactivating the focussed LED.

22. A method as claimed in an of claims 17 to 2 1 wherein the chamber comprises a

beam generation chamber separated from a sample chamber by normally closed air-tight

separation valve, which in an open position provides a path for the beam of electrons to

reach the aperture, wherein the sample chamber comprises the outlet which is connected

to a vacuum pump and the method comprises the further steps of,

after applying the analysis aperture to the surface, establishing a pressure in the

order of 10 Pa within the sample chamber, then

opening the separation valve,

and establishing a pressure of the order of or below 1 Pa within the chamber.

23. A method as claimed in claim 17 wherein the gas inlet is located in the sample

chamber.



24. A method as claimed in any of claims 17 to 23 wherein the photocathode is

aluminium.

25. A method as claimed in any of claims 17 to 24 wherein the focussed LED has a

wavelength of around 300 nm.

26. A method as claimed in any of claims 17 to 24 wherein the vacuum pump is a fore-

vacuum pump.
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