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The present invention relates to a nass spectroneter
wa@p408r9es particularly to a Fourier Transfor m POIEP2004/002486

Cyclotron Resonance Mass Spectroneter. High

resol uti on nass spectronetry]js wi dely used in the
detection and identificationof nolecular structures

and the study of chem cal and physical processes. A
variety of different techni ques are known for the
generation of a mass spectrum using various trapping

and detection net hods; ey j que is Fourier

Transform |l on Cyclotégﬁig:%asonaéggg%g#-lCI%. FT-1CR

uses the principle of a cyclotron, wherein a high

frequency voltage excites ions to nove in a spiral i

i t BIF P ATIR QAT TS GHRLATF S HEP GolTFS br i C geome ter
anP Ryt Aunches @alwne thersan ¥ atals fsthstdtcgdlotron

different frequencies. The frequency of the circul ar

Regsmiagire Mams cResiname¥aequency) is proportional to

the 4. S set  of ec ro : -

pr ovﬁllg;{ehdr%nc?léir?lloﬁrlaérgassgﬁstﬁee%%? séiiﬁi%ulcsggﬁ(ﬁé%ﬁe%sée%yln the
dethe tciaheraard iatduitiiMigdtaing ofThelaamplidwdet mnctures and the

frequency of, the detected signal are indicative of

SHY Qfarfth eyt Ghid Gt LIorS el iRFRCe N SR ekt rimt s
d i ablEe B CAId Y I N QUlowh RN i 8le T¥ANSEOr 180 of £ thenass

“transient’, i.e. the signal produced at the
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is inmportant that variqQus system paraneters be ,
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orbit as coherent bunches along the same radial paths but at
different frequencies. The frequency of the circular motion
(the cylcotron frequency) is proportional to the ion mass.
A set of detector electrodes are provided and an image
current is induced in these by the coherent orbiting ions.
The amplitude and frequency of the detected signal are
indicative of the quantity and mass of the ions. A mass
spectrum is obtainable by carrying out a Fourier Transform
of the ‘transient’, i.e. the signal produced at the
detector’s electrodes.

An attraction of FT-ICR is its ultrahigh resolution (up
to 1,000,000 in certain circumstances and typically well in
excess of 100,000). However, to achieve such high
resolution, it is important that various system parameters
be optimised. For example, it is well known that the
performance of an FT-ICR cell seriously degrades if the

pressure therein rises above about 2x10°mbar. This places
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pressure therein rises above about 2x10-9nbar. This
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and upon the magnet that supplies the field to cause
the cyclotron notion of the _jons. Problens with space
charge within the cell (whic af fects resol ution)
al so affect cell design paranmeters. Furthernore, when
the cell is supplied with ions froman externa
source, using either electostatic injection to the
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In a first aspect, the present invention provides a
measurement cell and magnet arrangement for an ion cyclotron
resonance (ICR) mass spectrometer, comprising: a magnet
assembly including an electromagnet having a magnet bore
with a longitudinal axis, the electromagnet being arranged
to generate a magnetic field with field lines that extend in
a direction generally parallel with the said longitudinal
axls; and an FT-ICR measurement cell arranged within the
bore of the said electromagnet, the cell having cell walls
within which is defined a cell volume for receiving ions
from an external ion source, the cell extending in the
direction of the longitudinal axis of the electromagnet and
being generally coaxial therewith; wherein the ratio, R, of
the sectional area of the magnet bore to the sectional area
of the cell volume, each defined in a plane perpendicular to

the said longitudinal axis, 1s less than 4.25.



bei ng generally coaxial therewith; wherein the ratio,

R, of the sectional area of the nagnet bore to the
wGemiiogres area of the cell volune, each defiPEHEPI904£002486
pl ane perpendicular to the said longitudinal axis, is
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Current arrangenents of neasurenent cells and nagnets
tend to have a significantly higher ratio of magnet
bore section to nmeasurenment cell section. For
exanpl e, the previous FT-1CR product sold by the
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On the other hand, a large diameter measurement cell is
desirable as this reduces the effect of space charge.

The applicants have discovered that, surprisingly, the
larger diameter vacuum chamber can be dispensed with. The
ion flux is of the order of 107** grams per second and,
therefore, once evacuated to a low pressure, the vacuum
chamber receives essentially no source of contamination of
the ultrahigh vacuum. Thus it has been realised that the
only time where pumping speed is relevant is when the system
(vacuum chamber) is initially evacuated.

By minimizing the sectional area of the magnet bore,
several advantages are obtained. Firstly, the smaller the
magnet bore area, the lower (typically) is the cost of
manufacture of such a magnet, particularly in the preferred
embodiment where the magnet is a superconducting magnet that

operates in a helium bath. The relatively larger



By minimzing the sectional area of the nagnet bore,
several advantages are obtained. Firstly, the smaller
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cost of manufacture of such a magnet, particularly in
the preferred enbodi nment vvhe{)e the magnet is a
super conducti ng nagnet t hat perates in a helium
bath. The relatively |arger WO 2004/ 081968
PCT/ EP2004/ 002486 4 neasurenent cell area for a given
magnet bore area also allows space charge effects to
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preferably, the distance in the longitudinal direction from
the magnetic centre to the end of the magnet in the
direction of the incident ions is 600mm or less.

Preferably, the magnet is asymmetric, that is, the
geometric and magnetic centres are not coincident, the
length of the magnet to the magnetic centre being kept short
on the ion injection side.

The cell is preferably mounted in a wvacuum chamber. The
cell or chamber is preferably cantilevered or otherwise
supported from a point in front (i.e. upstream) of the cell.
Previous systems have held the cell from the other side
(1.e. from the end opposite to the injection side), since
this had previously been considered preferable as the
distance to the end flange is then shorter. Most preferably,
titanium or a similar resilient, non-magnetic material is

employed as a support and in particular a plurality of
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consi dered preferable as the5 di stance to the end
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front side with electrical contact from the opposite, rear
side, most preferably with a guide for locating the cell as
it is inserted into its vacuum housing.

A relatively long cell (e.g. 80mm) is also preferable
in optimising the mass range that can be detected, as is a
long homogeneous magnetic field region (e.g. at least 80mm).

In a further aspect of the present invention, there is
provided an ion cyclotron (ICR) mass spectrometer,
comprising: an ion source arrangement to generate ions to be
analysed; an ion storage device arranged to receive and trap
the generated ions; ion optics arranged between the ion
source and the ion storage device to focus and/or filter the
ions as they pass from the source into the storage device,
and an arrangement as recited above, along with ion guide

means arranged between the ion storage device and the



In a further aspect of the present invention, there is
provided an ion cyclotron (I CR) nmass spectroneter,
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to be analysed; an ion storage device arranged to
receive and trap the generated ions; ion optics
arranged between the ion source and the ion storage
device to focus and/or filter the ions as they pass
fromthe source into the storage device, and an
arrangenent as recited above, along with ion guide
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electric field to accelerate the ions between the ion source
and the measurement cell; wherein the power supply is
configured to supply a potential which accelerates ions from
the source or the ion trap to a kinetic energy E and to
decelerate the said ions at a location only immediately in
front of the measurement cell, and downstream of the front
face of the magnet.

A known problem with FT~ICR mass spectrometers is the
introduction of time of flight separation of ions as they
travel from the ion source to the measurement cell. Broadly,
current systems can be divided into two categories.

A first type of ion injection system for FT-ICR is a
so-called electrostatic injection system. Here, ions are
guided from the ion source by a system of electrostatic

lenses to the measurement cell of the FT-ICR. 1In order to



decel erate the said ions at a |ocation only

i medi ately in front of the neasurenent cell, and
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In a second arrangement, referred to hereinafter as

“multipole injection”, an array of multipole ion guides are
employed to inject ions from an ion trap into the FT-ICR
measurement cell. In order to allow capture in the cell,
various trapping schemes are employed, such as gated
trapping, exchange of kinetic energy between ions and other
particles (collisional trapping), or exchange of kinetic
energy between different directions of motion, as is
described, for example, in “Experimental Evidence for
Chaotic Transport in a Positron Trap” by Gaffari and Conti,
Physical Review Letters 75(1995), No. 17, page 3118-3121. In
each case, however, the ions must have a small kinetic
energy distribution, optimally with a two standard deviation
width of less than one electron volts. Without such a small
kinetic energy distribution, only a part of the ion beam is

trapped.



nmeasurenent cell. In order to allow capture in the
cell, various trapping schenes are enpl oyed, such as
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ions and other particles (collisional trapping), or
exchange of kinetic energy Q@tmeen di fferent
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Positron Trap" by Gaffari and Conti, Physical Review
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more preferably in excess of 50 electron volts, and most
preferably between 50 and 60 electron volts right through
the system to the measurement cell. Looked at another way,
the ions travel from the ion source, or the ion trap, to the
measurement cell at a raised potential for at least 90% of
the overall distance. 1In prior art electrostatic injection
systems, as explained above, typically a higher potential is
maintained only for 65 to 80% of the total distance from the
ion source to the cell. With a typical multipole injection
system, the ions do not travel at a raised kinetic energy at
all.

Thus, the arrangement of this aspect of the present
invention reduces the unwanted time of flight distribution
dramatically. As a consequence, the arrangement is able to

achieve a mass range of M(high) = 10*M(low). In state of
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values. This likewise has been found to reduce kinetic
energy distribution of the ions.

In general terms, to optimise the ion flight path for
external injection of ions into an FT-ICR cell, at least one
of the following should desirably be considered. In
preference, at least 50% of the following features are
incorporated in a system embodying an aspect of the present
invention.

(a) Multipole ion guides or lens systems should be
employed that provide a good focussing of the ion beam from
the ion source.

(b) The multipole ion guides and/or lenses should have
a small inner diameter and the differential pumping between
each stage should be optimised.

(c) Small diameter vacuum pumps may be employed.
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present invention. (a) Miultipole ion guides or |ens
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much as possible. This preferably requires the following:
(h) The use of a magnet with a long homogeneous

region;

(i) A short deceleration zone adjacent the multipole
exit lens to convert the bulk of the kinetic energy into
potential energy, followed by a long and flat deceleration
zone within the cell to remove the last few percent of the
kinetic energy;

(§J) Minimization of kinetic energy spread of injected
ions by cooling in a static or dynamic ion trap, by proper
selection and timing of injection potentials, and/or by
precise machining of the ion guide system to minimize
unforeseen or non-deterministic widening of the energy
distribution.

(k) Minimization of the volume of the wvacuum chamber
in which the measurement cell i1s mounted, to reduce the
pumpable volume.

(1) Optimised alignment of the injection path with the

direction of the magnetic field on that injection path (in



(1) A short decel eration zone adjacent the multipole
exit lens to convert the bulk of the kinetic energy
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of kinetic energy spread of jected ions by cooling

in a static or dynamc ion trap, by proper selection
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. nethod of nmass spectronetry conprising: (a) at an ion
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front face of that magnet; (e) accelerating the ions from
the ion source or the ion trap to the measurement cell of
the FT-ICR mass spectrometer; (f) decelerating the ions at a
location only immediately upstream of the measurement cell,
that location being downstream of the front face of the
magnet; and (g) detecting the ions within the measurement
cell.

Further preferred features of the present invention
will become apparent by reference to the appended claims and
from a review of the specific description of a preferred
embodiment which follows.

A preferred embodiment of the present invention will
now be described by way of example only and with reference
to the following Figures, in which:

Figure 1 shows, schematically, a mass spectrometer
system including a measurement cell of a Fourier Transform

Ion Cyclotron Resonance (FT-ICR) Mass Spectrometer (the



front face of that nmagnet; (e) accelerating the ions
from the ion source or the ion trap to the

wore@sisweent cell of the FT-1CR nmass spect r omeCEEP2004/)02486
decel erating the ions at a Iocation only imredi ately
upstream of the neasurenent fg that | ocation being
downstream of the front face~0f the magnet; and (Q)
detecting the ions within the neasurenent cell
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Figure 5 shows the preferred relative dimensions of the
measurement cell and the bore of the superconducting magnet
in the axial and radial directions;

Figures 6a and 6b show a rail arrangement to allow
movement of the cell of Figures 1 to 4 into (Figure 6a) and
out of (Figure 6b) the magnet of Figure 4; and

Figure 7 shows the preferred potential distribution of
the system of Figure 1.

Referring first to Figure 1, a highly schematic
arrangement of a mass spectrometer system embodying the
present invention is shown.

Ions are generated in an ion source 10, which may be an
electrospray ion source (ESI), matrix-assisted laser ion
desorption ionisation (MALDI) source, or the like. 1In
preference, the ion source is at atmospheric pressure.

Ions generated at the ion source are transmitted
through a system of ion optics such as one or more
multipoles 20 with differential pumping. Differential

pumping arrangements to transfer ions from atmospheric
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In the arrangement of Figure 1, the inner diameter
(defined by the rods in the multipole) of each of the
multipole ion guides 50, 70 and 90 is 5.73mm. The lenses
40, 60 and 80 have an inner diameter, in preference, of 2 -
3mm. Employing injection multipoles with small inner radii
helps to improve ion injection at high speed without
widening the kinetic energy distribution of the ions as they
pass through the multipole ion guides. It is furthermore
desirable to maintain the ratio of the inner diameter of the
lenses to the inner diameter of the multipoles as close to 1
as possible within the constraints of differential pumping.
This minimizes the spread of kinetic energy.

At the downstream end of the third multipole ion guide
90 is an exit/gate lens 110 which delimits the third
multipole ion guide and a measurement cell 100. The
measurement cell 100 is a part of a Fourier Transform Ion

Cyclotron Resonance (FT-ICR) Mass Spectrometer. The



relatively longer nultipole ion guide 90. The various

mul ti pole ion guides and | enses are preferably
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measurenent cell 100. The neasurement cell 100 is. a
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lens 80 is to all intents 0. A further advantage of such an
actively shielded magnet is that it allows high performance
turbo pumps to be mounted close to the magnet face so as to
provide better pumping and shorter time of flight. Prior
instruments used diffusion pumps mounted away from the
magnet because the magnetic fields from an unshielded magnet
would destroy a pump using rotating parts, and diffusion
pumps having a large metal mass could not be mounted too
close to the magnet or they would distort the magnetic
field.

It is to be understood that, whilst ions may be
generated at ion source 10 and travel directly from there
into the measurement cell 100, they may instead be ejected
from the ion trap 30 for further storage in the first

multipole ion guide 50 and subsequent passage from there

into the measurement cell 100.
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strong that ions are not "drawn" through the lens as
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measurement cell 100 is a result of the difference between
the initial potential and the measurement cell potential.
Because the electric fields are typically saddle-shaped, the
potential at the ion trap 30 or the first multipole ion
guide 50 must be slightly above the cell potential defined,
for example, by the cylindrical electrode 140 in Figure 1.
The kinetic energy spread and beam divergence increases
with mechanical imprecision of the multipole ion guide and
lens assemblies (50-90) the acceleration voltage, and the
multipole ion guide diameter. The kinetic energy spread and
beam divergence decreases, however, with the strength of the
guiding potential. Thus, the increased kinetic energy spread
from a higher acceleration voltage can be compensated by
proper mechanical alignment and selection of small diameter
multipoles with high effective guide potential. The lens
alignment and construction of multipole ion guide 90 from

two multipoles which are connected and aligned extremely
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of the initial potential of the ions when they are
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respecti ve downstream nultipole ion guide (50, 70,

90). The kinetic energy of ions in the neasurenent

cell 100 is a result of the difference between the
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stages are shown In Figure 1 ove each sta IS,

haﬁ zqosmtiol bef whderatdoche hma$¢mee@bte®ll al@o ate
pre lé% XeWP'@&y I@ﬁ the electrodes 130 and 131 being at
+/-2V respectively. The different voltages on the electrodes
in the cell 100 together provide a potential within the cell
that has turning points for ions with a certain kinetic
energy spread within the cell 100, so that ions at the
turning points are at rest and are then accelerated
backwards by the potential. This in turn provides sufficient
time to close the cell and switch over to ion
storage/detection within the cell 100, where a “dish shaped”
potential as shown towards the bottom right hand part of
Figure 7 is instead applied. An end face 111 of the
measurement cell 100 is held at 2V to provide a trapping
potential.

The manner of supply of power to the electrodes in the
measurement cell 100 will be described below in particular

in connection with Figure 3.



potential of the ion trap 30 is OV, and its length is

approxi mately 50nm The potential of the first lens 40
WO 20044081968 The potential of the first nulti pol ePCTRP2004/002486

guide 50 is -10V and this also has a length of

approxi mately 50nm The sec gd | ens 60 has a

potential of -50V, the second nultipole a simlar

potential of -50V (with a |l ength of approximtely
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energies all the way"to the cell 100. e potentials
for the cell 100 and for the ion transfer optics.

The support structure 200 is formed from a non-magnetic
material such as titanium or aluminium. The support
structure 200 is mechanically connected to a lens holder 81
which in turn supports the third lens 80. The support
structure 200 itself is formed from, in preference, titanium
tubes 210, 211 that are interconnected by aluminium spacers
220. Other non-magnetic materials can be employed, but the
use of lightweight materials is beneficial as it avoids
bending.

Figure 2a also shows a part of an electrical contact
system 300 which will be described in connection with
Figure 3 below.

It is important to note from Figure 2a that the cell
100 is supported by the support structure from the injection
side, that is, it is cantilevered or otherwise supported

from the lens holder 81 (although it could be supported from



experi enced are shown, schematically, in Figure 7. It
will be noted that, in particular, the ions are still
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| ong, flat deceleration potf%ﬂi al at the nmeasurenent
cell 100. As an alternative, the ions may be stored in
the third nultipole ion guide at OV. Referring now to
Figure 2a, the part of the systemfrom the first
nultipole i on guide 50 onmards is shown in nore
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x-y movement of the measurement cell 100 using levers.

The other important feature to note from Figure 2b is
that the inner diameter of the cell 100, relative to the
diameter of a cell vacuum chamber 240 in which it is
mounted, is large. In other words, there is minimal
distance between the inner diameter of the measurement cell
100, and the inner diameter of the cell vacuum chamber 240.
The cell 100 shares radial space with the titanium tube 211,
which is partially cut away to provide more space for the
cell 100 at that point.

With such an arrangement, insertion of the cell 100
into the cell vacuum chamber 240 is more readily achievable
from the upstream (injection) side. This avoids the need to
construct a flange at the rear (non-injection) side of the
measurement cell 100, within the cell vacuum chamber 240.

Referring now to Figure 3, a still further close-up of
the measurement cell 100 and cell vacuum chamber 240 is

shown. It will be seen that the voltage supplied to the



hel ps to i nprove the accuracy of the alignnent of the
system The manner in which the neasurenent cell 100
worey4bgiossroved into and out of the superconducPCTIgP2004/002486

magnet will be expl ained belom1in connection with

Figure 4. Referring to Figurf t he arrangenment of
Figure 2a is shown but with %arlous vacuum housi ngs
attached. More specifically, a transfer bl ock vacuum
chanmber 230, which encloses the second |l ens 60, the
second multipole ion guide 70, the third | ens 80 and

rd; 10fe gpe) UI 90
o e g T it AL ert o Lhe the
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ere is mni ance meen
21af alrﬂniearimswrcejmrats aelﬂernﬂlﬁﬁ,l b dheviignier whiadretere
of .the c acuuym chanmber 24Q0. The cell 100 shares
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100 at that point. Wth such an arrangenent, 1nsertion
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shown. be seen that th tage éupp

tipke W@12®®4H@®39®8CR@TEEQZG@AH@@@&&& of the support
structure 200, and hence the measurement cell 100, relative
to the cell vacuum chamber 240. The latter, in turn, can be
accurately mounted within the magnet (as will be explained
in connection with Figures 6a and 6b below), so that the
overall alignment of the measurement cell 100 with the
magnetic field lines is optimised. A further benefit of
having the contacts on the rear side (that is, the side
remote from the injection into the measurement cell 100) is
that the leads may be relatively short. Making the detection
leads (not shown) from the detector to the amplification
circuits improves the signal-to-noise ratio for ion
detection.

The measurement cell 100 is, in preference, relatively
long and in the preferred embodiment has an 80mm storage

region. The magnetic field generated by the magnet (not



19 cylindrical electrodes (120-140 in Figure 1) is
fromthe rear (i.e., fromthe right as viewed in
woe@ung1989 . El ectrical contact to the el ectr OPEBEPR{004/002486

the neasurenent cell 100 is in particular achieved by

a rear face which forns a pZBt of the support

structure 200. This rear face”provides a termnation

or nounting surface for the titaniumtubes 210, 211

and al so acts as a termnal block within which are
nmount ed sel f-aligning contacts 320. These are nounted

shtoW Olig{] Etl%gllr eaf{} 1asce_L1%<9erlo S th eée%pﬁ)q}.rt StIII{OUCtDl_JerOeuSZOOOVGI
are 5t to eng aevvlt corres qo ggep
aﬂ wyaSEMIhaMukﬁngbﬁeﬂﬁiammmugh the rear wall (agaln as

Vi e in., Figure of t he cell vacuun1chanber 240.

Tt G Aol T ) i dod S tHG OF the
neQUTiedR fthe systien thypugh tl%céﬂeorﬁlv&%ﬁlqgeas of the

measurenent cell and, at the sane tine, allows
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opti msed. A further benefit of having the contacts
on fThe ﬁ@dﬂ-QRW@Wmlﬂhamhﬁrtﬂﬂ@ﬁnauppqnnnﬂuxdqtumatﬁﬂo and

N tlon |nto t t cel | OO IS th t he
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nbodi nent has an 80mm storage region. e magn
mowedldngQMQ%ﬂuﬂ¢dnLdﬂueﬁnnhaﬂ sprate 480 so as to shorten
the distance from the magnetic centre of the magnet (which
coincides with the geometric centre of the measurement cell
100) towards one end of the system. In preference, although
not shown in Figure 4, the magnet is asymmetric so that the
length of the magnet may be kept short on the injection
side. In particular, it is beneficial that the distance from
the front plate to the centre of the magnetic field is less
than 600mm.

The cell 100 (and the cell vacuum chamber 240) are
mounted within a bore 460 of a cryostat in which the
superconducting magnet sits. The bore 460 has a diameter 490
which is, it will be understood, narrower than the bore 495
of the superconducting coil 410.

Figure 5 shows the relative areas of the components of
Figure 4. The area of the inner diameter of the measurement

cell 100 is shown by region 500. This has a cell radius 501.



WD 2004/ 081968 PCT/ EP2004/ 002486 20 shown in Figure
3) is likew se preferably honbgeneous over at | east

Wwa bat/oslosgyt h of 80nm Referring now to Figure BCT/EP2004/002486
schematic drawi ng of the neasurenent cell 100 and its
| ocation within a superconda&ting magnet 400 is
shown. The superconducti ng gnet 400 includes a
superconducting coil 410, a helium bath 420, a heat
shield 430, vacuuminsulation 440 and a nitrogen bath
450. Al'l of these features are well known to those

il ' : ' ot..b escr,i.bed further
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ma@h@’S 10 @GRS Pfchan 100mm, it has been found
that, especially for preferred cylindrical cells, R should
be less than 4.25. In the most preferred implementation,
which we currently implement, a cell with an inner diameter
of 55mm and a magnet bore diameter of 95mm is used, so that
R = 2.983. Selecting a small R has a particular benefit in
conjunction with a short length vacuum system and magnet,
for example, there is particular benefit to having a small R
and a distance 521 which is less than 600mm.

For systems with a magnet in a diameter 511 that is
between 100 and 150mm, R should preferably be less than
2.85. Previous systems had R, for example, in excess of 7.

Referring finally to Figures 6a and 6b, a high
precision rail system 530 is shown. This supports the
system of Figure 1 (ion source, ion guides, measurement cell
and measurement cell support structure) relative to the

superconducting magnet 400. The structure can be moved into



Figure 4. The area of the inner dianeter of the
nmeasurenent cell 100 is shown by region 500. This has
w@2@ehs19s@adi us 501. WO 2004/ 081968 PCT/ EP2004/ POREBR04/002486
21 The inner radius of the nagnet (that is, the radius

of the magnet bore 490 in Figure 4) is shown at
reference nuneral 511 in Figgre 5, and this is the
radius of the area 510. Finally, the reference
nunmeral 521 denotes the axial length between the

magneti c centre of the magnet (which corresponds wth

| t S ell. 100 in
O e et To The & S et R aidinagh 400
in ¢ digeaXpiraidfdd aboess im Rireferene geOnss ricaddytively.
asymmetric. W define a ratio Rwhich is the radio of
the sectional area wthin the magnet bore, 510,
neasured in a plane perpendicular to the |ongitudina
axis of the magnet bore, relative to the area of the
i nside of the neasurenent cell 100 (reference nuneral
500 in Figure 5). For systens with a nmagnet inner
di anmeter less than 100mm it has been found that,
especially for preferred cylindrical cells, R should
be less than 4.25. In the nost preferred
i npl emrentation, which we currently inplenent, a cel
with an inner dianeter of 55mm and a magnet bore
di anmeter of 95mmis used, so that R = 2.983.
Selecting a small R has a particul ar benefit in
conjunction with a short | ength vacuum system and
magnet, for exanple, there is particular benefit to
having a small R and a di stance 521 which is |ess
than 600nm For systens with a magnet in a dianeter
511 that is between 100 and 150mm R shoul d
preferably be less than 2.85. Previous systens had R
for exanple, in excess of 7. Referring finally to
Figures 6a and 6b, a high precision rail system 530
is shown. This supports the



systemof Figure 1 (ion source, ion guides,

nmeasurenent cell and neasurenent cell support
wGareos19se) rel ative to the superconducting negIEP2004/002486

400. The structure can be noved into WO 2004/ 081968

PCT/ EP2004/ 002486 22 the ro$g1tenperature bore of the

super conducti ng magnet 400 a direction AA" as see

in Figures 6a and 6b respectively. WO 2004/ 081968

PCT/ EP2004/ 002486 23 CLAIMS : 1. A neasurenent cel

and magnet arrangenent for an ion cyclotron resonance
ciid&R). mass spectroneter, conprising: a nmagnet
—assenbl y including an el ectronagnet havi ng a magnet

bore with a longitudinal axis, the el ectronmagnet

being arranged to generate a nmagnetic field with field

lines t ﬁ\atrgee%ﬁué:rﬁi‘%?rht £ &G P Geert 13N GRIFT efor an
1oM tdydihe sl dedangiddidingl) axdss éﬁgkéﬁbﬁgééf¥acompri ing:

measurenent cell arranged within the bore o t he saldf5

el ect MyeGTetas agRbloelinHavdimg cel ledet i somigiétn having a

' | S def..ne eld,. vol u for_receivi ions_from

ma\zgryecé;goe%rena 18310% 21003} let, (f ne‘—j'ni‘ceze 2Tlse’xtec enedi%geq' - Pgnet
balinectiamoefd dtheydrongitaid neédgriedisc ofidle with field lines

el ectromagnet and being generally coaxial therewth; .
ERfHe TP he T & 6T 9 I Rn et bRAT Akl ofiethe said

1dmRgneld ke 48 &;hexectional area of the cell vol une,
each defined in a plane perpendicular to the said

| ongint WJIM&IR meairdeitese tharhred 2vithien the bore of

rran nt .of claiml, wherei.n.the nagnet. bore and . .
t%&%ﬁ%ﬁ%ﬁmﬁygm@%& b&WQQf%bWﬁBV£mm
witydh Ady idkaineand wWeriei irdhendi ieticofvide 1I®etron an

bore is less than 150mm
external ion source, the cell extending in the direction of
the longitudinal axis of the electromagnet and being
generally coaxial therewith;
wherein the ratio, R, of the sectional area of the
magnet bore to the sectional area of the cell volume, each
defined in a plane perpendicular to the said longitudinal

axis, is less than 4.25.

2. The arrangement of claim 1, wherein the magnet
bore and the measurement cell are each generally right
cylindrical, and wherein the diameter of the magnet bore is

less than 150mm.

3. The arrangement of claim 2, wherein the diameter
of the magnet bore is greater than 100mm, and wherein R is

less than 2.85.

4, The arrangement of claim 2, wherein the diameter

of the magnet bore is less than 100mm, and wherein the



3. The arrangenment of claim 2, wherein the dianeter

of the nmagnet bore is greater than 100mm and wherein
wWR2008/0819¢%s t han 2.85. 4. The arrangenent of CPEI/RPR)4/002486

wherein the dianeter of the magnet bore is |less than

100mm and wherein the WO 202?1/ 081968

PCT/ EP2004/ 002486 24 di anet of the inside of the

cell walls that define the cell volume is at |east

48. 6mm 5. The arrangenent of any preceding claim

vvherei n the nagnet assenbly further i ncl udes a

I r ve t [ O- net.. the
hou5| ng %@fﬁ?ﬁg‘% oucgl?ﬁll‘he bogrhg‘L ﬂs ?%ﬁazﬁa(??%rn? h&ihe
celhe vrelgmet iborad; Jtdmﬂroaﬁsrmgnbore bei ng adapted to

receive the neasurenent cell. 6. The arrangenent of
claimb5, wherein the magnet assenbly el ectromagnet is

a super coMiGH it Jagnat of he,y gﬁ#§%§§h&ﬁn¢#E%1§S wherein

Cryostat in use to mintain wn
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beln rraragg:fc(i) use within the magnet bore. 8. The
%ﬁ%ﬁ%ﬁt Weﬂr‘?cgd?%@“e(ﬂsdﬁﬁm%r%ﬁﬂ t he axi al
centre of the neasurenent cell is arranged away from

the geometric centre of the electromagnet in the axial
di r ot i offheg armee gamenigernfe rmtl aofm dl,arwheagemhecrree mddrest

t S.an asymretric wn , SO that the

Rl PN B, B Vel T fitson ridte

hcﬂJ)SIlSlgOfadﬂielg m&glaetcrwsﬁ:atﬁ idi fify ey Irfarleﬁatlhf windings of
geeorretrl c centre in that

the electromagnet at a temperature below which they

superconduct.

7. The arrangement of any preceding claim, further
comprising an evacuable chamber which receives the
measurement cell, the evacuable chamber being arranged in

use within the magnet bore.

8. The arrangement of any preceding claim, wherein
the axial centre of the measurement cell is arranged away
from the geometric centre of the electromagnet in the axial

direction.

9. The arrangement of claim 8, wherein the
electromagnet has an asymmetric winding so that the magnetic
centre in the direction of the longitudinal axis of the
magnet bore is different from the geometric centre in that

direction.



direction. WO 2004/ 081968 PCT/ EP2004/ 002486 25 10.

The arrangenent of any preceding claim wherein the
webk@enssmgnet i s arranged to generate a nmagnePCTEP1084/aD2486

whi ch is substantially honbgeneous over a length, in

the direction of the Iongitgghnal axi s of the magnet

bore, of at |east 70mm and erein the length of the

cell, in that sanme direction, is |ikew se at |east

70mm 11. The arrangenent of any preceding claim

mherein t he nmeasurenment cell has a front face

def .
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throu_/(gh which the ions are received froman upstream

Leslectigh, and é’melf%ﬂ?@ Oppobenbtlo ehetkaicdeitoninfhicet same
Jflee"flé u(gﬂalltsy %r&ge totg%mrate an electric

across e Te and det ect or means, the
rear face including at | east one external electrical
contact adapted to engage wth at | east one of a
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11 or claim 12, wherein the neasurenment cel

tivovad evirietlatihe tons rmreralge@eivaés@rmnyan MPSiAneann

cycl otronG%KgR nass ectromster | Si ng
d%ﬁ%ﬁﬁ%ﬁﬁ@ Eﬁ@ent rgﬁi ca¥¥{levered
or supported from a locatlon in that said upstream

direction.

12. The arrangement of any preceding claim, wherein
the measurement cell has a front face defining an opening
through which the ions are received from an upstream
direction, a rear face opposed to the said front face, a
plurality of electrodes to generate an electric field across
the cell volume, and detector means, the rear face including
at least one external electrical contact adapted to engage
with at least one of a corresponding power supply contact

and/or detector signal processing means.

13. The arrangement of claim 11 or claim 12, wherein
the measurement cell is movable relative to the magnet

assembly.

14. An ion cyclotron (ICR) mass spectrometer,

comprising:



an ion source arrangenent to generate ions to be

anal ysed; an ion storage device arranged to receive
wa@pa4os®as t he generated ions; ion optics arr aPgEEP2004/002486

bet ween the ion source and the ion storage device to

focus and/or filter the ions gs they pass fromthe

source into the storage devi% ; an arrangenent as

claimed in any one of the preceding clainms; and ion

gui de neans arranged between the ion storage device

and the nmeasurenent cell of the cell and magnet

arr ajjpenents o4 9. gul t L.ons, f the Jion

ot orage Aoviab S A el e R A8 1O b

argplectednetri c analysis therein. 15. A nass _
spectraneter_co Ising: an ion source for generating

r
i onst o Pb HriHiSEe e VEE i DAty tiP retetee tpd trap the

gegenerd®didins,; ion optics neans to guide the ions
fromthe source into the ion trap; an FT-1CR nass .
spectForRRterC has e dresuresteritne el on joeecedami thhe ion

02 B o 1,081 LA S R 8oy pass

frpedireoretierce fintdherhe i sjFadet@ci i on neans to

detect ions injected into the nmeasurenent cells; ion_

gui Gith@ IS tritie RS Y BT & PRl B FRoeding
ciREGR4mss spectronmeter to guide the ions ejected

fromthe trap into the FT-1CR nass spectroneter for

gendradt iBH A meanmssrspesd Jmtweerei the aheh Wkorage device
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generating an electric fivel 0

to guide and focus the ions from the ion storage device into
the measurement cell for mass spectrometric analysis

therein.

15. A mass spectrometer comprising:

an ion source for generating ions to be analysed;

an ion trap to receive the generated ions;

ion optics means to guide the ions from the source into
the ion trap;

an FT-ICR mass spectrometer having a measurement cell
located within a bore of a magnet, the cell being downstream
of a front face of that magnet, the FT-ICR mass spectrometer
further comprising detection means to detect ions injected
into the measurement cells;

ion guiding means arranged between the ion trap and the
FT-ICR mass spectrometer to guide the ions ejected from the
trap into the FT-ICR mass spectrometer for generation of a

mass spectrum therein; and



accel erate the ions between the ion source and the

nmeasurenent cell; wherein the power supply is
w@eonvitiognesed to supply a potential whi ch accel BCHERR04/002486

ions fromthe source or the ion trap to a kinetic

energy E and to decelerate t?z said ions at a

| ocation only imedi ately adfacent the front of the

neasur enent cell, and downstream of the front face of

the magnet. 16. The mass spectroneter of claim15,

wherein the power supply is arranged to accelerate

the J gQﬁmg [netd e : i.n exce 0 DeV. f.or
substanti a I%%Jﬂ?oj&f% e e%)rge{ﬁwlq{q; o‘—j{r%1 t%%eﬁ%l%rﬁlpe%t% to
added esmitth [Woatiars iawedicat eéhe iion fsantcofartidethe

nmeasur enment 1. 17. The mass spectronmeter of claim
m?ﬁﬁuﬁﬂﬂﬁggr?%ﬁli power supply is arranged to

acceiriratia: thes ihfed @ kinetd Cortef e ®fcd XSS Sa
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I n excess of 50eV. 19, The mass spectropeter of claim
MEpS ULty Gl lyg anquRa e} ST 1Gaan he gt jkace of the
ma&dd gured to accelerate the ions to the said kinetic

energy for at |east 90% of the distance fromthe ion

trap to the neasurenent cell, or for WO 2004/ 081968

PCT/.EP20Q4/ 002486 _ 28 .at | east 90%.of. t di st ance

fr or%%fzheofﬁloen “Sour & ?Cot ]ianéeec edd rce]rf%lrﬁ} el I“.%%%e_.lnl'h@e
pOvRSS sSipgdiy dneterr fganyt Ofadddlidma -t iered mn tignetic

i on gui ding neans conprises at |east one
energy of in excess of 20eV for substantially all of the
path from the ion trap to the said location immediately in

front of the measurement cell.

17. The mass spectrometer of claim 15, wherein the
power supply is arranged to accelerate the ions to a kinetic
energy of in excess of 20eV for substantially all of the
path from the ion source to the said location immediately in

front of the measurement cell.

18. The mass spectrometer of claim 16 or claim 17,
wherein the power supply is arranged to accelerate the ions

to a kinetic energy in excess of 50eV.

19. The mass spectrometer of claim 15, 16, 17 or 18,
wherein the power supply is configured to accelerate the
ions to the said kinetic energy for at least 90% of the

distance from the ion trap to the measurement cell, or for



injection nmultipole ion guide. 21. The nass
spectroneter of claim20, wherein the ion guiding
wore@nesivehpri ses a plurality of injection nult PEDER2004/002486
ion guides in series with one another. 22. The nass
spectroneter of claim 21, mhg ein each injection
multipole ion guide has a lo éitudinal axi s, and
wherein the alignnent of the axis of each ion guide
with a subsequent and/or preceding ion guide is |ess
than about 0.1nmm 23. The mass spectroneter of claim
o2 r o) ltlpole I on_gui.de
el s 0 R T U e R T e e st
meapvaragserithecelel |, and  wherein the nHX|nun1rad|us of
that inner volune of the or each ion guide is |ess
than 4nm and preferably less than 2.9mm 24. The nass
specty ometies fs £ A 23 r v@@raw &f‘ecléﬂﬁ‘s g4 .0 §ig
means further conprises at |east on€ |ens
Wh%wé’sm@ tihén | Pl 1105 meR Ivfe t e 1ff s em st s}o@a;st o 1y
r@ ource generating ions to
e ana yse %gQUIdI %e generated ions into an
i on trap, VO 2004/081968 PCT/EP2004/002486 29 (c)
ej ect .ons fromthe ion trap gui ding the jons

ejeépe qnﬁnq%ﬂ§|§ﬁ?qqﬁﬂpqqﬁﬁ)Qﬁ1 [ G pggeerein the ion
GSREGIS GERLAY Mol 25 2 JRASHIAIP e Geldcd DaLed ki poie

within a bore of a nagnet, bei'ng arranged
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accelerating the ions fromthe ion source or the 1ion
trap to the neasurenent cell of the FT-I1CR
22. The mass spectrometer of claim 21, wherein each

injection multipole ion guide has a longitudinal axis, and
wherein the alignment of the axis of each ion guide with a
subsequent and/or preceding ion guide is less than about

O.1lmm.

23. The mass spectrometer of claim 20, 21 or 22,
wherein the or each multipole ion guide defines an inner
volume through which the ions pass towards the cell, and
wherein the maximum radius of that inner volume of the or
each ion guide is less than 4mm and preferably less than

2.9%mm.

24. The mass spectrometer of claims 20-23, wherein the
ion guiding means further comprises at least one lens for

focussing the ions.

25. A method of mass spectrometry comprising:
(a) at an ion source, generating ions to be analysed;

(b)  guiding the generated ions into an ion trap;



mass spectroneter; (f) decelerating the ions at a

| ocation only inmrediately upstream of the neasurenent
wa@edok/osokat | ocati on bei ng downstream of the PCDRP2004/002486

face of the nmagnet; and (g) detecting the ions within

t he nmeasurenent cell. gg nmet hod of cl ai m 25,

wherein the step (e) corrprl s accelerating the ions

to a kinetic energy Ein excess of 20eV and

preferably in excess of 50eV. 27. The nethod of claim

25 or claim 26, wherein the step (e) conprises

accel gr at | he i.ons t netl energy E for a
di ste(a etj%gigln&eleodls Q%Vmo e cﬂ t4tie” between the
i on (sQur caiiatithd hehdreasiy et Bl dnortHOri ddrera into an

di stance t hat exceeds 90% of the di stance between the
ion trapg andi MESReaRrdhamet&d (which has a measurement

cell located within a bore of a magnet, the cell
being arranged downstream of a front face of that
magnet;

(e) accelerating the ions from the ion source or the
ion trap to the measurement cell of the FT-ICR
mass spectrometer;

(f) decelerating the ions at a location only
immediately upstream of the measurement cell, that
location being downstream of the front face of the
magnet; and

(g) detecting the ions within the measurement cell.

26. The method of claim 25, wherein the step (e)
comprises accelerating the ions to a kinetic energy E in

excess of 20eV and preferably in excess of 50eV.

27. The method of claim 25 or claim 26, wherein the
'step (e) comprises accelerating the ions to a kinetic
energy E for a distance that exceeds 90% of the distance
between the ion source and the measurement cell, and/or for
a distance that exceeds 90% of the distance between the ion

trap and the measurement cell.



