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FOCAL PLANE DETECTOR

Technical field
The invention lies in the field of charged particle and low energy radiation detectors. In particular it
relates to one dimensional focal plane detector that finds use in Secondary Ion Mass Spectrometry,

SIMS.

Background of the invention

It is known to use Secondary Ion Mass Spectrometry, SIMS, devices for analytical and imaging
purposes. In known SIMS devices, a focused primary ion beam is used to illuminate the surface of
a sample. Thereby, material is sputtered from the sample, which creates localised secondary ion
emissions stemming from the sample. These secondary ions can be analysed by different kinds of
spectrometers. Generally, the secondary ions are first filtered in accordance with their mass-to-
charge ratio, and then detected, classified or imaged accordingly. Other modes comprise the

recoding of a mass spectrum or of a depth profile of the sample.

Owing in particular to its excellent sensitivity, its high dynamic range, its good depth resolution
and its ability to differentiate between isotopes, SIMS constitutes a powerful technique for
analysing sample surfaces and thin films. The fundamental lateral information limit in SIMS is
determined by the area at the surface from which secondary ions are emitted. This depends both on
the primary beam parameters (ion species, energy) and on the sample composition. For primary ion
beams with energies in the range of a few keV up to a few tens of keV and masses from 4 up to 133
amu, this area is between 2 and 10 nm. Currently, the imaging resolution on commercial SIMS
instruments is limited by the probe size of the primary beam rather than such fundamental
considerations. In practice, resolutions in the 50 nm range are currently possible on the Cameca
NanoSIMS 50™ instrument, which is capable of producing 2D elemental mappings with a lateral
resolution of around 50 nm, as well as 3D elemental reconstructions of the analysed volume. As a
consequence, new fields of application for SIMS, e.g. in life sciences, nanotechnologies and

astronomy, are emerging.

In SIMS, secondary ions are extracted from the sample by applying a voltage difference between
the sample and an extraction electrode. Depending on the application, three different types of mass
spectrometers are used in SIMS. Quadrupole mass spectrometers have the lowest mass resolution
and transmission and therefore are therefore of lesser interest for the present invention. Time-of-
flight, ToF, mass spectrometers are mostly used for the detection of molecular fragments or even
whole molecules, as this technique leads to an unlimited mass range. Mass measurement occurs

through the measurement of the flight time of the secondary ions between a given origin, e.g. the
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sample, and the detector. The flight time is initiated by a pulse of the primary or secondary ion
beam. However, the pulsing operation typically limits the duty-cycle, resulting in low sensitivity.
Some modern TOF mass spectrometer configurations employ a pre-trapping unit to accumulate the
secondary ions before injecting into the TOF in order to improve the duty cycle. However, the
requirement in gas cooling for the pre-trapping system has never demonstrated in an integration for

SIMS. The third mass spectrometer type is based on magnetic sector mass spectrometers.

Compared to ToF mass spectrometers, magnetic sector mass spectrometers present the advantage
of continuous analysis removing the duty cycle induced by beam pulsing, which leads to better
overall sensitivities if the primary ion beam is operated in the DC mode, or to better overall
sensitivities for similar analysis times if the primary ion beam is pulsed. However, they typically
present a reduced mass range, limiting their application to the analysis of monatomic and small
cluster ions. In a double focusing magnetic sector instrument, achromatic mass filtering (i.e.,
filtering that is independent of the initial energy distribution of the secondary ions) is achieved by
combining an electrostatic analyser with the magnetic filter. In most known magnetic mass
spectrometers, the magnetic field must be tuned for a selected mass-to-charge ratio m/z (or ion
mass) to reach the detector. Hence, during analysis the magnetic field is scanned over the different
masses of interest. Parallel mass detection is possible when using the Mattauch—-Herzog design,

where all ion masses are focused in a focal plane containing several detectors.

A Mattauch-Herzog type mass analyzer consists of an electrostatic sector, ESA, followed on the
secondary ion trajectories by a magnetic sector. The arrangement of the electrostatic sector and the
magnetic sector typically allows dispersing a wide range of mass-to-charge ratios m/z along the
exit plane of the magnetic sector. All the ion masses are focused on a focal plane located at the exit
plane (in the original Mattauch-Herzog configuration), or at a distance from the exit plane of the
magnetic sector. Most of the known Mattauch-Herzog type mass spectrometers are able to operate
in the double focusing condition (achromatic mass filtering) for the highest mass resolving power.

A typical mass resolving power from hundreds to thousands are achieved.

In order to acquire a mass spectrum, a detection system is used to collect all the ion masses along
the focal plane. Typically, a single/multi-collector detection system is used to achieve this. A single
detector or a multi-collector of several (X) single detectors is placed on the focal plane. Here, there
are two known workflows that can be used to acquire the mass spectrum/images. In the first
workflow, the detector/multi-collector is fixed at a certain position on the focal plane. The
magnetic field of the magnetic sector is ramped in order to scan all the ion masses through the
detection system. At a certain detection time, only one (single detector) or X (multi-collector) ion

masses can be acquired. In this workflow, an electro-magnetic sector is always required. In the
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second workflow, the magnetic field of the magnetic sector is fixed at a value to disperse all the ion
masses of interest along the focal plane. The detector/multi-collector is then moved along the focal
plane to acquire a full mass spectrum or fixed at one or X locations of the ion masses of interest for
imaging acquisition (in a multi-collector system, each detector can be moved independently).
Similar to the first workflow, only one or X of ion mass-to-charge ratios m/z can be detected at a
time. This workflow works for both the electro-magnet and the permanent magnet magnetic

sectors.

In both workflows, the system can construct maximum one or X of ion mass images in parallel. As
SIMS is a destructive technique, improving the number of the parallel detectors helps to maximize
the useful information from a sample under analysis. In practice, the number of the detectors that
can be installed is limited, for example, to 5-7 detectors in the latest Cameca NanoSIMS™
instrument. It is therefore currently not possible to acquire a full parallel mass spectrum snapshot
using SIMS, without resorting to multiple analysis at different times, where for each analysis the
detectors are appropriately displaced along the focal plane of the SIMS instrument. Even so, the
resulting spectral data will represent the sample’s composition at varying depths owing to the

destructive nature of each single SIMS analysis.

Technical problem to be solved
It is an objective of the invention to present a method, which overcomes at least some of the

disadvantages of the prior art.

Summary of the invention

In accordance with a first aspect of the invention, a detection device for detecting charged particles
or radiation is proposed. The device comprises a front area extending longitudinally along a
principal direction. The front area comprises an arrangement of the respective entry faces of at least
two microchannel plate, MCP, assemblies, wherein each MCP assembly is configured for receiving
charged particles, neutral particles or radiation that impinge on its entry face and for generating a
corresponding amplified detection signal on its opposite exit face. The device further comprises at
least one read-out anode for collecting said amplified detection signals, the anode being arranged at
a distance to, and in parallel with the respective exit faces of said MCP assemblies. The at least two
MCP assemblies are arranged side by side along said principal direction, and a gap of at most 1
mm separates the entry faces of any two adjacent MCP assemblies. The detection device further
comprises biasing means configured for applying a common electric potential to the respective exit
faces of all MCP assemblies, and for applying individual electric potentials to the respective entry

faces of each MCP assembly.
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Preferably, all the device’s MCP assemblies may be arranged side-by-side along said principal

direction.

Preferably, the read-out anodes may comprise a delay-line anode, a pixelated anode array, a

resistive anode, a shaped anode, or a single anode.

The entry faces of the at least two MCP assemblies may preferably extend over an aggregated

distance of at least 15 cm. Preferably, the distance may be between 15 and 100 cm.

Preferably, the device may comprise one dedicated read-out anode for each MCP assembly, and
said read-out anode may preferably extend along the MCP assembly’s exit face. Alternatively, a

single read-out anode, common to all MCP assemblies, may be provided.

The read-out anodes may preferably comprise delay-line anodes, pixelated anode arrays, resistive

anodes, shaped anodes, single anodes or any combination thereof.

It may be preferred that a gap of at most 1 mm width separates the respective exit faces of any two

adjacent MCP assemblies.

The gap size between any two adjacent MCP assemblies may preferably be the same.

Preferably, the gap separating any two adjacent read-out anodes may have substantially the same
width as the gap separating the entry and exit faces of the corresponding two adjacent MCP

assemblics.

All MCP assemblies may preferably have substantially the same channel size and amplification

gain characteristics.

Preferably, all MCP assemblies may have the same width extending perpendicularly to said

principal direction.

The detector’s front area may preferably consist of the entry faces of said MCP assemblies.

Preferably, the biasing means may be configured for applying an electric potential difference
between the respective entry and exit faces of each MCP assembly. The biasing means may
preferably comprise a source of electricity. Preferably, an individual electric potential difference

may be applied between the respective entry and exit faces of each individual MCP assembly.
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The biasing means may preferably be configured for applying a positive or negative floating

electric potential to the detector’s front face.

The MCP assemblies may preferably comprise a stacked assembly of a plurality of multiple MCP

devices, a chevron assembly or a Z-stacked assembly.

The charged particles may preferably comprise ions, and the radiation may preferably comprise

visible light.

In accordance with another aspect of the invention, a mass spectrometer for dispersing ions along a
focal plane in accordance with their mass/charge ratio, the spectrometer comprising a detection
device that is arranged on said focal plane so that said dispersed ions impinge on the detection
device’s front area, characterized in that said detection device is a device according an aspect of the

mvention.

Preferably, the mass spectrometer device may be a Mattauch-Herzog type device. The mass

spectrometer may preferably be configured for being used in a floating configuration.

A detection device in accordance with aspects of the invention allows for providing a detector
extending over any distance along a linear direction. While there will certainly be applications of
the proposed detection device in electromagnetic radiation detection, charged particle detection
and neutral particle detection (for example in electron spectroscopy/spectrometry, X-Ray
spectrometry, optical spectroscopy/spectrometry, space applications, etc...), a primary use of the
detection device in accordance with aspects of the invention lies in a focal plane detector, FPD, for
a mass spectrometry device that spreads analysed ions along a focal plane. By way of example,
Mattauch-Herzog mass spectrometers usually have a long focal plane ranging from several
centimetres to a hundred centimetres, to cover the entire ion mass range of interest. Due to the
combination of several multi-channel-plate, MCP, assemblies, in accordance with aspects of the
invention, a full length FPD can be provided. This is achieved irrespective of any manufacturing
limitations on the dimensions of a single MCP assembly. The full length FPD may be placed along
the focal plane of the mass spectrometer’s magnetic sector. This allows for acquiring in parallel all
the ion masses m/z escaping the magnetic sector’s exit plane. Therefore, a full mass spectrum can
be collected in parallel in a short acquisition time, thereby enabling data processing and analysis of
the complete spectral data of the analysed sample. The FPD in accordance with aspects of the
invention is able to collect the complete chemical information, i.e. mass spectral data and images,

from a sample under analysis with a 100% duty cycle of all ion masse-to-charge ratios m/z. Using
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multi-channel plates, MCP provides several advantages, including their high sensitivity (single
particle detection), high dynamic range (10°) (ensuring wide detecting chemical concentration), the
possibility for high spatial resolution (<50um) along the principal direction (ensuring high mass
resolution capability of the mass spectrometer), and their capability to detect all types of particles,
including electrons, ions, atoms, molecules and photons. In particular, MCP technology can
provide flexible shapes and sizes of a single MCP assembly of up to 15 centimetres, which is the
largest single detector size available at the time of writing. This helps to minimize the complexity
of the proposed detection device that provides a large size detector. In addition, MCP is a mature
and reliable technology. In accordance with aspects of the invention, read-out anodes of different
types may be used for different MCP assemblies along the length of the focal plane. This allows for
leveraging the strengths of different anode readout technologies in one detector. For example, a
pixelated anode array like a micro-faraday strip array or a charge-coupled device, CCD, active
anode array may be selected for a mass range where high mass resolution (and therefore high
spatial resolution of the detector, below 50 um) is required, while high sensitivity is not required.
On the other hand, a delay-line anode may be selected for mass ranges where high sensitivity is

needed with lower required spatial resolution.

The project leading to this application has received funding from the European Union's Horizon

2020 research and innovation programme under grant agreement No 720964.

Brief description of the drawings

Several embodiments of the present invention are illustrated by way of figures, which do not limit

the scope of the invention, wherein:

- figure 1 is a schematic illustration of a top view of a detection device in accordance with a
preferred embodiment of the invention;

- figure 2 is a schematic illustration of a front view of a detection device in accordance with
a preferred embodiment of the invention;

- figure 3a is a schematic illustration of a stacked chevron type microchannel plate assembly
as used in a detection device in accordance with a preferred embodiment of the invention;

- figure 3b is a schematic illustration of a stacked Z-type microchannel plate assembly as
used in a detection device in accordance with a preferred embodiment of the invention;

- figure 4 is a schematic illustration of a top view of a detection device in accordance with a
preferred embodiment of the invention;

- figure 5 is a schematic illustration of a mass spectrometer device in accordance with a

preferred embodiment of the invention.
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Detailed description of the invention

This section describes features of the invention in further detail based on preferred embodiments
and on the figures, without limiting the invention to the described embodiments. Unless otherwise
stated, features described in the context of a specific embodiment may be combined with additional
features of other described embodiments. Throughout the description, similar reference numerals
will be used for similar or the same concept across different embodiments of the invention. For
example, references 100 and 200 each describe a detection device in accordance with the invention,

but in two respective embodiments thereof.

The description puts focus on those aspects of the proposed detector device that are relevant for
understanding the invention. It will be clear to the skilled person that the device also comprises
other commonly known aspects, such as for example an appropriately dimensioned power supply,
or a mechanical holder frame for holding the various elements of the device in their respectively

required positions, even if those aspects are not explicitly mentioned.

Figure 1 shows a top view of a cut through a detection device 100 in accordance with a preferred
embodiment of the invention. For the sake of explaining the various concepts, the illustrated
dimensions are not at scale and some distances have been exaggerated for easier appreciation of the
figure. The device comprises a front area 102 that extends along a principal direction 4, defining
the “single” direction along which the one-dimensional detection device 100 extends. The device
further comprises a plurality of microchannel plate, MCP, assemblies 110 arranged side by side
along the principal direction. The front faces 112 of the MCP assemblies make up the front arca
102 of the device 100, save for the physical gaps or interstices G that separate the MCP assemblies.
In the example shown, three MCP assemblies are used. Of course, other pluralities are possible
without departing from the scope of the present invention. Depending on the available MCP sizes
and on the desired total length L (e.g., from 15 to 100 cm) of the detection area, an appropriate
number of MCP assemblies is integrated into the device 100. In the example of figure 1, two MCP
assemblies extending over a common length L110 are arranged side by side, while a third MCP
assembly extends over a shorter length 110°, thereby providing a shorter entry face. The depth H of
each MCP assembly is preferably the same, so that the amplification characteristics are uniform
along the length L of the detector. By way of a non-limiting example, the depth H is typically of
about 0.5 to Imm for a single MCP assemblies, 1-2 mm for a Chevron type stacked MCP
assembly, and 1.5-3 mm for a Z-stacked type MCP assembly. Ideally, the gaps G are of neglectable
size, but they should in practice not be larger than 1 mm. Indeed, a charged particle (i.e. ions,
electrons) or neutral particle (i.e. atoms, molecules) or electromagnetic radiation (i.e. light, X-ray,
etc...) 10 impinging on the front face 102 can only be detected if it hits a front face 112 of one of
the MCPs, the gaps G forming dead spots in the detection range. Preferably, the gaps between any
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two adjacent MCP assemblies are of uniform size. Each impinging charged particle or photon
generates a corresponding amplified signal at the exit face 114, 114” of the MCP assembly whose
entry face 112, 122° it hit. The gap G extends to the respective exit faces of two adjacent MCP
assemblies. In order to detect the amplified signals, at least one read-out anode 120 is arranged in
parallel to the exit faces 114, 114” of the MCP assemblies 110, at a distance d (typically but not
limited to 2-5 mm) therefrom. The read-out anode(s) is/are operatively coupled to non-illustrated
data processing means, which store the detection counts read by the anode(s), together with their
position along the length L of the detector. By doing so, spectral data of the incoming charged
particles, neutral particles or electromagnetic radiation 10 is produced. The spectral data is
preferably stored in a memory element for further processing thereof, or for displaying the same on
a display device. The processing means may for example comprise a data processor having
read/write access to a memory element. While the data processor may comprise specific circuitry
designed for reading out the anode(s) 120, it may alternatively comprise a programmable
processor, programmed to perform this task by an appropriate software code. All described

components are held in place by a holder frame 130 which may for example be a machined frame.

Figure 2 provides a frontal view on the front area 102 and on the entry faces 112 of the MCP
assemblies 110 of the device 100 as shown from the top on figure 1. It is appreciated that each
MCP extends along a similar or equal width W in the direction that is perpendicular to the principal
direction A of the device. The width W may range from millimetres to centimetres, for example

from 3 mm to 15 cm.

A typical microchannel plate, MCP, is composed of 10*to 107 miniature electron multipliers whose
typical diameters are in the range from 10 to 100 pum. Each channel acts as an individual electron
multiplier, which can detect a single ion, electron, atom, molecule or photon. The MCP is typically
fabricated from a high resistive material such as lead glass. The front side and rear side of the MCP
are metallized electrodes to which a typical voltage difference of about 1000V is applied through
appropriate biasing means, such as a source of electricity. When a single energetic particle hits a
channel surface, it creates one or more secondary electrons, which are accelerated into an MCP
channel by the applied voltage. Each of these secondary electrons can release two or more
secondary electrons when hitting the channel wall again. This process is cascaded along the
channel. Therefore, a single energetic particle hitting a channel creates a cascade of electron
emission along the channel, resulting in an electron cloud of at least 10* electrons at the output of
the channel. An anode placed behind the MCP can electronically detect the electron cloud to
register each single event hitting the MCP. An MCP assembly 110 such as those depicted in Figure

1 may comprise a single microchannel plate, or a stacked assembly thereof.
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Each MCP typically provides an amplification gain of 10*. In most of the applications, a higher
gain (10%-107) is required. Several stacked MCPs can be used to achieve such a high gain. When
using stacked MCPs, the channels of each MCP are tilted 8°-15° against the MCP normal. The
channels of the following MCPs are tilted in the opposite directions in order to avoid the ion
feedback from the successive MCPs. The combination of two MCPs 111, 1117 in an assembly 110
in this configuration is called the Chevron assembly, see figure 3a, while the combination of three
MCPs 111, 111°, 111" in an assembly 110 is called the Z-stack assembly, see figure 3b. The type
of MCP assembly that is integrated to the device 100 depends on the required amplification gain.
However, within one device 100, MCP assemblies of the same channel size and amplification gain

are used to maintain uniform detection efficiency and spatial resolution along the entire detector.

Different types of anodes 120 may be considered for collecting the electrons leaving the MCP
assemblies 110. The first type is a single anode, which is typically a single metal plate placed
behind the MCP. This anode plate collects total number of electrons leaving the entire MCPs and
therefore detects the total signal intensity hitting the MCPs (analog current or number of particles).
The second type of anode is related to the position sensitive anode readouts, which can return both
the position and the intensity of multiple events hitting the MCPs. Different types of position
sensitive anode readout are currently used for the MCP-based detectors such as delay line, DL,
anode, resistive anode, pixelated anode array, shaped anode, single anode, etc... Integrated array
detectors, which are fabricated and coupled with the electronic circuits into a chip-type packaging
for direct charge detection can also be used as read-out anodes in combination with the MCP
assemblies. In this case, they are all referred as pixelated anode arrays. . Several approaches to this
type of detector have been developed including active pixel arrays, micro faraday cup arrays and

micro faraday strip arrays.

Figure 4 shows a top view of a cut through a detection device 200 in accordance with a preferred
embodiment of the invention. For the sake of explaining the various concepts, the illustrated
dimensions are not at scale and some distances have been exaggerated for easier appreciation of the
figure. The device comprises a front area 202 that extends along a principal direction 4. As in the
previously described embodiment, the device further comprises a plurality of microchannel plate,
MCP, assemblies 210 arranged side by side along the principal direction. The front faces 212 of the
MCP assemblies make up the front area 202 of the device 200, save for the physical gaps or
interstices (7 that separate the MCP assemblies. In the example shown, three MCP assemblies are
used. Of course, other pluralities are possible without departing from the scope of the present
invention. Depending on the available MCP sizes and on the desired total length L (e.g. from 15 to
100 cm) of the detection area, an appropriate number of MCP assemblies is integrated into the

device 200. In the example of figure 4, two MCP assemblies extending over a common length



10

15

20

25

30

35

WO 2021/032639 PCT/EP2020/072898

10

L210 are arranged side by side, while a third MCP assembly extends over a shorter length 210°,
thereby providing a shorter entry face. The depth A of each MCP assembly is preferably the same,
so that the amplification characteristics are uniform along the length L of the detector. Ideally, the
gaps G are of neglectable size, but they should in practice not be larger than 1 mm. Indeed, a
charged particle (i.e. ions, electrons) or photon 10 impinging on the front face 202 can only be
detected if it hits a front face 212 of one of the MCPs, the gaps G forming dead spots in the
detection range. Preferably, the gaps between any two adjacent MCP assemblies are of uniform
size. Each impinging charged particle or photon generates a corresponding amplified signal at the
exit face 214, 214° of the MCP assembly whose entry face 212, 222” it hit. The gap G extends to
the respective exit faces of two adjacent MCP assemblies. In order to detect the amplified signals,
one dedicated read-out anode 220, 220 for each MCP assembly 210, 210” is arranged in parallel to
the respective exit faces 214, 214° of the MCP assemblies 210, in alignment therewith and at a
distance d therefrom. All described components are held in place by a holder frame 130 which may

for example be a machined frame.

Each MCP segment 210, 210° combined with its anode 220, 220" acts as an individual detector
element. There are two main advantages of this configuration over the use of a single anode.
Firstly, it helps to maximize the uniformity along the overall detector by adjusting the individual
gain of each MCP to achieve the same detection efficiency of each anode. Secondly, it improves
the overall dynamic range and count rate of the detector, which is typically limited by the anode
readout. Here, the overall dynamic range and count rate are multiplied by the number of the anode
readouts compared to those of each individual anode. Different anode types can be combined in
one detector 200, including DL anode, resistive anode, pixelated anode array, single anode, etc...
Each anode is selected in such a way that it is optimized for applications in its mass range. This
allows for leveraging the strengths of different anode readout technologies in one detector device
200. For example, an integrated array like micro-faraday strip array can be selected for a mass
range where high mass resolution (and therefore high spatial resolution of the detector (below 50
um) is needed while high sensitivity is not required. On the other hand, the DL anode can be

selected for the mass ranges where high sensitivity is needed with lower required spatial resolution.

In all the disclosed embodiments, the MCP assemblies are located close to each other, having a gap
of at most 1 mm in between themselves along the main direction. If a common electric potential
would be applied on the front/entry faces of each MCP assembly, and different electric potentials
would be applied on the back/exit faces of MCPs , then a large field distortion would be generated
around the gap separating the exit faces of neighbouring MCP assemblies, thereby creating a large
detection dead-zone. Biasing a common potential on the exit faces of all MCP assemblies solves

this issue. Therefore, in all the embodiments described herein, the biasing voltage differences
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between the entry and exit faces of the MCP assemblies can be independently regulated from each
other in order to adjust their individual gain, so as to improve the uniformity and detection
efficiency along the length L of the detector. Further, in all embodiments, the same electric
potential Ucommon 1S applied to all of the exit faces of the respective MCP assemblies arranged side
by side along the principal direction. For achieving different biases between the respective entry
and exit faces of an MCP assembly, the electric potentials Ui, Us, ... applied to the corresponding
entry faces of the first, second, ... MCP assemblies may in this case be different. The corresponding
voltage differences (Ucommon-U1, Ucommon-Us, ...) applied to the respective MCP assemblies are
typically chosen in the range from 800 to 1200 V for a single MCP configuration, 1600-2400V for
a Chevron-type configuration and 2400-3600V for a Z-stack MCP configuration, without being
limited to these examples. For a given type of MCP configuration, the range of potential
differences that are applied to the series of MCP assemblies may preferably span 0 to 200V, each
difference being chosen in order to adjust the individual gain of each MCP assembly for a
particular application. This arrangement provides the advantage of generating a more uniform and
homogeneous electrical field in the space that separate the MCP exit faces from the read-out
anode(s), thereby smoothing rather than amplifying the effect of the gap that exists between any
two adjacent MCP assemblies. This arrangement allows to limit the electrical field distortion
around of the gap that separates the exit faces of any two adjacent MCP assemblies. Limiting this
distortion also limits a detection dead-zone along the detection front that extends in the principal
direction of the device, thereby improving the device’s detection performance Also, the detector
device is able to be floated to a high voltage of up to 10 kV, while the floating potential may have

either positive or negative polarity.

Figure 5 illustrates components of a Mattauch-Herzog type spectrometer device in accordance with
an aspect of the invention. The functioning of such spectrometers, which use an electrostatic sector
10 followed by a magnetic sector 30 for filtering an incoming ion beam 10 is well understood in the
art and will not be explained in further details in the context of this description. The magnetic
sector 30 comprises an exit plane 32 through which the ions comprised in the initial beam exit,
spread along a principal direction in accordance with their respective mass-to-charge ratios. On the
focal plane of the spectrometer, a detection device 100, 200 in accordance with any of the
previously described embodiments is arranged, so that a full mass spectrum 40 may be obtained on
the read-out anode(s) thereof, as previously described. The detection device is high vacuum/ultra-
high vacuum, HV/UHV, compatible and covers the full focal plane of the Mattauch-Herzog mass
spectrometer, which is typically from several centimetres to several tens of centimetres. It provides
one-dimensional (horizontal) spatial resolution of better than 100 um, a maximum overall count
rate of better than 107cps, a dynamic range better than 106, high sensitivity of better than lcps as

well as both positive and negative ion detections.
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Of course, the detection device may be used in other applications and in other spectrometers
spreading an incoming ion beam along a focal plane without departing from the scope of the
invention. The dimensions of the detector may be customized to provide a 1D focal plane detector
having an active area (W x L100/L200) that fits into any mass spectrometer with a focal plane. The
active width W can be ranged from few millimeters to several centimeters (<15 cm). The length L
can be chosen from several centimetres to more than 100 cm (unlimited length in principle). The
spatial resolution of the detector can be as high as 50 um. There is a physical gap of less than Imm
between the MCP assemblies. This physical gap results in a dead-zone in the mass spectrum at the
region where the mass dispersion overlaps on the gap. The detector device with N MCP assemblies
will create N-/ dead-zones in the acquired mass spectrum. The overall dynamic range and count
rate of the detector are improved by using a separate anode readout for each MCP assembly. The
detector with N MCP assemblies can approximately provide an overall dynamic range and count

rate that are N times higher than those of a single MCP segment.

It should be understood that the detailed description of specific preferred embodiments is given by
way of illustration only, since various changes and modifications within the scope of the invention
will be apparent to the skilled person. The scope of protection is defined by the following set of

claims.



