MASS SPECTROVETER W TH PRECI SELY ALI GNED | ON OPTI C ASSEMBLI ES BACKGROUND
[ 0001] The invention relates to nmass spectroneters having nmultiple ion
optical 5assenblies and to neans for positioning the multiple ion optical
assenblies in the mass spectroneter. Mass spectronetry is a well-known
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15 optical assemblies, such as ion sources, RF (radio frequency) multipole ion guides, RF
stacked ring ion guides, quadrupole mass filters, two- or three dimensional RF ion traps,
DC focusing lenses and DC electrodes for guiding or accelerating ions, to name some
examples.
[0002] The ion source assembly in a mass spectrometer is selected, for

20 example, according to the chemical class of analytes to be ionised, the mass range of
the analytes and the mass analyser used for analysing the ions. Commonly used
ionisation techniques are, for example, electron impact ionisation (El), chemical
ionisation (Cl), matrix assisted laser desorption/ionisation (MALDI) and electrospray
ionisation (ESI). The different ion sources do not only differ in the ionisation mechanism,

25  but also in the pressure regime the ionisation takes place. For example, an ESI source
will almost always be operated at atmospheric pressure, whereas an El source is
operated at a lower pressure (in a medium to high vacuum). Other ion sources, like
MALDI and Cl, can be operated at different pressures ranging from atmospheric
pressure up to pressures of medium vacuum (103 to 107" Pa), or in case of MALDI even

30 in a high vacuum (107 to 107 Pa).



operated at a | ower pressure (in a nmediumto high vacuum. O her ion
sources, like MALDI and O, can be operated at different pressures ranging
from at nospheric pressure up to pressures of nedi umvacuum (103 to 10-1
Pa), or in case of MALD even 30in a high vacuum (10-1 to 10-7 Pa). [0003]
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[0005] If the ions are generated in an ion source with an elevated pressure

compared to the mass analyser, the ions must be transported to the vacuum for mass

25 analysis. In order for the gas phase ions to enter the mass analyser, the ions must be
separated from the background gas introduced by the operation of the ion source and
transported through the single or multiple vacuum stages (compartments) of the mass
spectrometer. The use of RF multipole ion guides has been shown to be an effective
means for transporting ions, being generated in an ion source at atmospheric pressure

30 and transferred into a low vacuum stage, from the low vacuum stage into high vacuum

stages. Douglas et al. (U.S. Patent 4,963,736) disclose a RF quadrupole ion guide that



Is used to transport ions with high efficiency froma nmedi umvacuum st age
to a high vacuum stage with a quadrupole nass filter. Witehouse et al.
(U . S. Patent 5,652,427) disclose RF nultipole ion guides which beginin a
first vacuum stage and extend continuously into one or nore subsequent
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optical assemblies are aligned using aligning structures attached to the inside of the
20  housing of the mass spectrometer, such as benches, to which all of the ion optical
assemblies are mounted. However, these benches are unfavourable when the mass
spectrometer comprises multiple vacuum stages and thus chambers, because the
bench has either to be fed through the walls separating the chambers or has to be
divided into multiple separated benches. The feedthroughs are disadvantageous due to
25 the complexity of sealing the bench at the feedthroughs, whereas separated benches
lose the advantage of having all ion optical assemblies aligned to the same bench, that
is, the same frame of reference.
[0008] Ion optical assemblies of a mass spectrometer can further be aligned by
attaching them to mounting means (separately manufactured holders and stands) which
30 are again mounted on the inside of the housing of the mass spectrometer. Using

mounting means has the disadvantage that there are multiple mechanical interfaces



bet ween the housi ng and the el ectrodes, as functional conponents of the ion
optical assenbly. A high nunber of interfaces results in a tol erance
bui |l d-up that reduces the position accuracy of an ion optical assenbly and
the position accuracy between ion optical assenblies. The tol erance
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because this final assembly is time consuming and thus an expensive manufacturing

step. It would be desirable to provide a mass spectrometer that can be assembled from
pre-aligned ion optical assemblies rapidly while still maintaining high positional accuracy
of the ion optical assembilies.
20
SUMMARY
[0011] The following summary is included in order to provide a basic
understanding of some aspects and features of the disclosure. This summary is not an
extensive overview of the invention and as such it is not intended to particularly identify
25  key or critical elements of the invention or to delineate the scope of the invention. Its
sole purpose is to present some concepts of the invention in a simplified form as a
prelude to the more detailed description that is presented below.
[0012] In a first aspect, the invention provides a mass spectrometer comprising
a manifold and at least one ion optical assembly, wherein the ion optical assembly
30 comprises a support and electrodes attached to said support, the manifold comprises at

least one reference surface that is integrally machined with the manifold and the support



a manifold and at | east one ion optical assenbly, wherein the ion optical
assenbly 30 conprises a support and el ectrodes attached to said support,
the mani fold conprises at | east one reference surface that is integrally
machined with the manifold and the support is aligned to the at | east one
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subst amtacHihed pbrapketeiyiih age milling machlne and in a single clamping. The accuracy of
the shape and position of the reference surface on the manifold may be better than
hundred micrometres, preferably better than ten micrometres for each reference surface
and can even be better than 5 micrometres. This high precision of the manifold and the
25 reference surface results in an accurate and reproducible positioning of an ion optical
assembly (or more than one ion optical assembly) and between ion optical assemblies
wherein the accuracy is preferably better than 500 micrometres, more preferably better
than 100 micrometres and can even reach a positioning accuracy of 20 micrometres.
[0014] The reference surface can be a recess or a substantially plane surface at
30 one of a post, step and plateau machined integrally with the manifold. Furthermore, the

manifold preferably comprises walls and a ground plate forming part of a housing of the



300ne of a post, step and plateau nachined integrally with the manifold.
Furthernore, the manifold preferably conprises walls and a ground pl ate
form ng part of a housing of the mass spectroneter. The housing nay be
sealingly closed by a cover plate on the manifold. The walls of the housing
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t hat the |on optical assenbly is aligned in nore than one di nmension. [0016]
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mani f ol d ha\[ow]a In ef sycondensbodiment, ithe ivmegticaltaegemblyisva ghadrupole mass
filter having four rods and the support comprises insulating rings attached to and
20 holding the rods, wherein the rings have at least one common straight edge at an outer
periphery for aligning the quadrupole mass filter to a substantially plane reference
surface, such as located on a wall and/or ground plate of the housing of the manifold.
The support preferably comprises a ceramic ring.
[0018] In a third embodiment, the ion optical assembly is a RF multipole rod
25 assembly and the support comprises insulating rings attached to and holding the rods,
wherein the rings have at least one common straight edge at an outer periphery being
aligned to a substantially plane reference surface.
[0019] In a second aspect, the invention provides a mass spectrometer
comprising: a manifold having a reference surface machined integrally with the
30 manifold; at least one multipole ion optical assembly comprising a support with an

adjustment surface, a plurality of electrodes, all of which are aligned to said adjustment



30mani fold; at |east one nultipole ion optical assenbly conprising a
support with an adjustnent surface, a plurality of electrodes, all of which
are aligned to said adjustnent surface; and a nmechanismthat aligns the
adj ustment surface to the reference surface such that a nunber of
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BRIEF DESCRIPTION OF THE DRAWINGS

15 [0022] The invention can be better understood by referring to the following
figures. The components in the figures are not necessarily to scale, emphasis instead
being placed upon illustrating the principles of the invention (often schematically). In the
figures, like reference numerals designate corresponding parts throughout the different
views.

20 [0023] Figure 1 shows an embodiment of the invention;

[0024] Figure 2 shows a variant of the embodiment of Figure 1;

[0025] Figure 3  shows another embodiment of the invention;

[0026] Figure 4  shows another exemplary implementation of the invention;
[0027] Figure 5  shows another embodiment of the invention;

25 [0028] Figure 6A to 6D shows an example of a manifold with integrally
machined high-precision reference surfaces according to embodiments of the invention;
and

[0029] Figures 7 and 8 show how favourable positioning effects brought about
by embodiments of the invention may be extended to more than one spatial dimension.
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[ 0026] Fi gure 4shows anot her exenplary inplenentation of the invention;

[ 0027] Fi gure 5shows anot her enbodi nent of the invention; 25[0028] Figure
6A to 6D shows an exanple of a manifold with integrally machi ned

hi gh- preci sion reference surfaces according to enbodi nents of the

I nvention; and [ 0029] Fi g?&ﬁ?"-z')%ﬁﬁ'ﬁw how f avour abl e positioning

ef fects brought about by enbodi e invention may be extended to

nore than ongosppt V‘ﬁilledhéﬁm‘éerﬁimn%bé&\TﬁhdvﬁDaﬁﬁﬁ@bﬁﬁémlthOﬁ@bnwltda t he
i nvention has been shown and described with reference t nunb

enbodi neyhBet plembedimentgitheregh itwill beiesednisgd dydhase ﬁklﬂ%&n the @fﬁ&ha&r t that
variou
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nsi onal front Vi ew.
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housing for a“recipient or mani d forma 10spatial constriction for the
mass sp@demdmaemendmlarb/rtwdhefpdﬂneaabhhplrapefr@mddoegitudmﬁlbfdﬁtmﬂﬁemn%’ Aor

oo by AEAT BT AP 08 1S Vst R Bl S e BAES v

10  spatial constriction for the mass spectrometer and serve, for example, for creating
compartments for different vacuum stages. Two posts 108A, 108B are integrally
machined with the housing (the ground plate in this case), each featuring an essentially
flat and highly precise machined reference surface 110A, 110B on top thereof. The
reference surfaces 110A, 110B are in this case coplanar with an upper surface 104A of

15 the ground plate 104 and essentially perpendicular to an inner side surface 106A of the
adjacent wall 106. However, this arrangement is not to be construed restrictive. Other,
for instance inclined, alignments are also conceivable.

[0032] A carrier or support plate 112, such as a printed circuit board (PCB),
preferably made of an insulating material, for example plastic, rests with one of its

20 surfaces 112A on both top reference surfaces 110A, 110B of the posts 108A, 108B. An
electrode structure 114 is attached to the same surface 112A of the carrier plate 112, by
adhesive bonding or mechanical connection such as screwing or clamping, in a pendant
manner. That is, in the embodiment shown the electrodes 114 protrude from the surface
112A of the carrier plate 112 downward in the direction of the ground plate 104.

25 [0033] The electrode structure 114, in this example, constitutes a quadrupole
which, when supplied with appropriate direct current (DC) and/or radio frequency
alternate current (RF-AC) voltages, may be used as an ion guide, a mass filter, a
collisional dissociation cell, a collisional cooling cell or the like (electrical supply lines not
shown for the sake of clarity). The inner end of each quadrupole electrode has

30 essentially a square cross section, and the single electrodes, in this case, are
individually supported by the circuit board 112. Due to the pendant arrangement of the



flat and highly precise machi ned reference surface 110A, 110B on top
thereof. The reference surfaces 110A, 110B are in this case coplanar with
an upper surface 104A of 15the ground plate 104 and essentially

per pendi cular to an inner side surface 106A of the adjacent wall 106.
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and the single electrodes, in this case, are individually supported by the
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112 has to be machined to hi gh precision in order to mnimse position

uncer t sunface snaghingbindegrally witb agwaifold/dagsanotreaasisaaiilyrinelode peovidingfal d i n
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t he quadrupol e_illustrated. _ )
it thereon. The fixing or mounting may actually be effected by other means in other
20 regions of the manifold spaced apart from the position of the reference surface. Clamps
(not shown), for instance, would be an example of a mechanical connection with which
the circuit board 112 could be fixed to the manifold with the reference surfaces 110A,
110B not being involved in the fixing or mounting.
[0035] The embodiment shown in Figure 2 varies the embodiment of Figure 1
25 insofar as the electrodes 214 are not all directly attached to the same side surface of
the circuit board 212 (support plate). Two of the electrodes (the upper ones) are still
directly attached to it whereas the other two (the lower ones) are attached to a second
circuit board 212* that forms essentially a sandwich arrangement with the first circuit
board 212. The second circuit board 212* is supported by the first circuit board 212 via
30 two support arms 216. In this example, the first and second circuit boards 212, 212*, the

support arms 216 and the electrodes 214 form a sub-assembly in the mass



[0034] In the exenplary design of Figure 1 the circuit board 112 coul d be
screwed to the posts 108A, 108B in a rel easabl e nechani cal connection, for
exanple. @uing the circuit board 112 to the posts 108A, 108B on the
reference surfaces 110A, 110B woul d be an exanpl e of an unrel easabl e

conneot o BhSEH ok fihd B el EREARRIIPaRHb! ARFInd1AReokIAB THORIRI Che

al i gnne asse onare ¢e 'surface machi ne
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connection of the ion optical assenbly with the reference surface itse]f.
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The enbodi nent shown in Figlre 2 varies the enbodi nent of Figure 1

25i nsofdashed allipses).ect rodes 214 are not all directly attached to the sane
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ot her téﬁéc(rbh@té%or@iﬂgib tidé vehties ied tive-dimeasiondl fontwel. Aaodnd pbhitet hat
fornms essentially a sandw ch arrangg'rrent with the first circuit board 212.
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and/or aljgnpent precision. This inherent precision of fhe sub-assenbly
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sub-asse y 1s genérally 1 ndependent o sition and al i gnnment
preci si on of[088Ti A oivcuitbeal 31 2asuppastsothe electradest 3 thint @ erdns fashion.cantl  The

bet vec PR S NS S taceS Fig S Riva in 7 %oeBle. i fked “2gai n to
a_nunbefoutwAaE faBingteferenddBLIFaéas 31841 S20Rdt e titerdasorBeqldst BE8shd
[ 0036] Figure shows anot her exenpl ary enbodi nent of the mass
the protrusion 320. In certain embodiments, when the circuit board 312 not only
20 contacts the reference surfaces 318A, 320A but is also fixed thereto, the mounting
could be called pendant for the circuit board 312 and erect for the electrodes 314.
[0038] Due to the erect arrangement of the electrodes 314 on one surface 312A
of the circuit board 312, and due to the circuit board 312 contacting with the same
surface 312A the high-precision downwardly facing reference surfaces 318A, 320A of
25 the post 308 and the protrusion 320, respectively, the number of interfaces between the
electrode assembly 314 and the manifold is favourably minimised, in this example again
to one. Accordingly, just one of the side faces 312A of the circuit board 312 has to be
machined to high precision in order to minimise position uncertainties of the electrode
assembly 314 in relation to the manifold in the Y direction, at least. Therefore, the

30 manifold, or at least the part at which the downward facing reference surfaces 318A,
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10spectroneter according to the invention in a two-di nensional front view.
A ground plate 304 and a side wall 306 of a housing for a recipient or

mani fol d have a post 308 integrally machined with the ground plate 304, in
this case, and featuring a top part 318 with an undercut, and a rectangul ar

Dscent 37y A ety At R0 PRI artheh G (i i Ehourltfy od BGdBE (B 450
faci ng slstivanasserhblissudh aetie Quadiiipsiballgteated irmihatexadddle. i n this exanpl e.

[ 0037] circuit board 312 supports the electrodes 314 in a erect fashion,
and cont act J0RB8h fogereot shews anofharaxempiary impiermgniaieacd themasss exanpl e,

th 1 1 . f . f
the posPBNELE docshinGio o BiVeREEn 'h AGRAmRASenal Ot fow' ArdlnFpidte ©
ci r gui t4taband a3lde watl 406! of 22Rowsing éartssreicimentsdrananiéald havbacpsst3MBA, 320A

but is also fixed thereto, the unting .could be call.ed ndant for the
ci r cui tiNtsg5Rly mashingd vathethe QrBPrqgtP@t@I"'gét %@&0%4_%9@%% a‘t%tepﬁlé{}er ect

arrangg EaelR{mfaEﬁn%%foPl‘éQﬁdé ||%6%?dﬁ+€§r%9ﬁd%}@té4ﬁ4.fé&%hq{ds%ﬂt boar d

312, an o the circuit board 312 contacting with the sanme surface 312A
t he hi gsspntialiysilatrandidvighlyriegise acactinedfaferance sufaceci8/3 #a2A 2z of 25

t he post 308 aqgl.the rlotrusi on 320, respectively, the nunber of interfaces
bet weer!R¥E%e|e ﬁ%’f?é“%?senbl y 314 and the manifold is favourably

m nipn sed, i[0oAd] saxemrrpb@ar@gﬂzws@@a&ﬂﬁg tHE EIREHDAE Isiruciuds Y 1ardnedcts hethsi de
faces 312A of the circuit board 312 has to be machined to high precision in

or fler tanendfritsnswinoesst 12 e hacing dovaward &% this exampia ag apsrabless dibiwe 314 in
. o ! Vo . _ "
reatl ﬁ]&v&aggfyggm{ﬁggéfe?{aﬁcé B, lh& 4%#5%%5&& th%fl%cé\sg?@% an%%%ﬁt& Q42! 4f'@e

mani fo e part a e do facin ef erenc
sur f acesectidis stridOns 41Lis, by atadof evample} attached t©| aad |pecfeedisly @aoceratelame f or

mounting and aligning ion optical assenblies suc .the quadr upol
i |1 ust raggﬁﬁd with free @ de face 412B ofdhg gjrewit BG?E,CPQ,?@ Hb@\/@r%ﬁgﬁﬁ@me'genpl ary

Lol Recar o hp e pbaf STERoSREG KRN O (el SAodks 1 A o6 ot o

housi n@rfamgeanerd @ispisting iroproviding @l closed desigpoistpatidulanwih regaryl toeges ned
O g ad PhAb oo s e P P e B 750 422
has an essenpodd] Yodd &) thatehi SPhgdhest SfanBRIdUtRRS dtRicRlireR 68chace 408A,
442A facing upward, in this exanple.
surface 412B of the circuit board 412, and due to the circuit board 412 contacting with
20 the other side face 412A the high-precision upwardly facing reference surfaces 408A,
442A of the post 408 and the step 442, respectively, the humber of interfaces between
the electrode assembly 414 and the manifold is favourably minimised, in this example to
two (dashed ellipses). Accordingly, just the two side faces 412A, 412B of the circuit
board 412 (or in other words, the thickness of the circuit board 412) have to be
25 machined to high precision in order to reduce position uncertainties of the electrode
assembly 414 in relation to the manifold in the Y direction, at least. Therefore, the
manifold, or at least the part at which the upward facing reference surfaces 408A, 442A
are located, may act as a reliable reference frame for mounting and aligning ion optical
assemblies such as the quadrupole illustrated in the example without incurring

30 potentially disturbing precision tolerance build-up.
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10[ 0040] A circuit board 412 supporting the electrode structure 414
contacts with one of its surfaces 412A, facing downward in this exanple as
assenbl ed, the two upwardly facing reference surfaces 408A, 442A at the
post 408 and the step 442. The electrode structure 414 is, by way of

exampl e, at t aela fitAitl M GHBGE X RSy BLA Bethattibly af gy ot her

side face 471 Clr oard "4 na erec second

ci rcui telboode 4fkdéturehas tinpbsifivobffedtehap e tombads oo dith previeusigrehplohed i ke
arrangenment assisting in providing a closed design, in particular with
regar d 2EARZEMLRIEIWBERRWE OB PPlIGR] assedbligs are pPeionee inseries, theapticalcyi t
boar ds , * . . . r [k .

ol oot r Ao TE fon optisp) agaihblies tErkBnh e/ EprestiiAg HETERES Bl ik ¥ansport
due 5t 0 sHuav aihighertddgpee df 4a-2inearityaso it anrahsfaOefficeenoy lodiors idehé acassi12A

t he hi gh-precision u rdl acing reference surfaces, 408 442A of the
bost aCPaRTaTSIR SR Bigdons L3REE foUEPgS e BEse B dhe b4 bet woen
the el gptfrdegassenbly 414 and the manifold is favourably mnimsed, in
this exanple to two (dashed ellipses). Accordingly, just the two side faces
412A, 412B dPO48F The tgireadecarumbarof(interfacestbietweaw tsmanifeldi andaness of
the cirguit board 412) have.to be 25machined, t o .hi recisi I 0. order to
Feduce HRTRTOAT el Prrs T BeiodRly BB SadaE P Sekarile Tkl BB, 1 o
t hejomarddsed dréatek RRidfighal pesitional did/deaginmditesreiretitat ddteupreniHeobwbrapr at

| east the part at which the upward facing reference surfaces 408A, 442A are
| ocat ecBlighiierd dnpeasision ef thepvaolednase Reectieraaters bhis wanepwull inathe ianiopiraly
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degr ee thé iaothHroungtguttefficismcyt didheanassaspdatronaé¢ter o tecsense thahsvhian ibhe nass
transit from one ion optical assembly to the other, some ions are removed from the ion
beam and hence do not reach an ion optical detector.
[0044] According to embodiments of the invention, such as those having a
20 pendant arrangement of the electrode structure shown previously, the minimised
number of interfaces between the manifold and the electrode structure, as indicated by
the dashed ellipses, reduces positional and/or alignment uncertainties of the ion optical
assemblies and their mounting structure, thereby contributing less to the overall
imprecision of alignment and/or position of the mass spectrometer which, as a result, is
25 smaller compared to the prior art. Consequently, the ion throughput efficiency between
different ion optical assemblies in the mass spectrometer is favourably increased.
[0045] Figure 5 shows another exemplary embodiment of the mass
spectrometer according to the invention in a two-dimensional front view. The side wall
506 comprises a highly precise machined reference surface 506* facing sideways and,
30 in this example, being machined flush with the rest of the inner surface 506A of the side

wall 506. However, this arrangement is not to be construed restrictive. Other
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spectronmeter, when the ions transit fromone ion optical assenbly to the
next, is increased. [0043] The increased nunber of interfaces between the
mani fol d and an el ectrode structure, present in previously enployed designs
havi ng separate stand-off 10posts, creates additional positional and/or

| i dd 14 ali ' | Si f
ahol e L asRedte, RE carpie e g R Sl L ARTRN bt FRLFELS 228 8 o
serial ¢dHtePRIblcal assenblies being offset to one another. An offset is,

however, just one exanple of an alignnment and/or position error. The
addi ti onal riQQH6l Afcarnararisapesrtdtg LGa(sheowneerits owanwithdanbwietied dineRat i on
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i on beaftHaght erf%@c%Z%Thﬁ)@ewaﬁwwq GFEURINRSI CIEPUTEIPPIISRFOPAT R HaIR di ng

t o enbag] : ' | ; ; Vi i
ar r angandantayng ksd Bually Sacairamt iRy haRACeriang hd i Beh Hibchined
nunber fof neatlerdcaddisy hatunessr dffpoleraltictrodds &38 théreire! et siodle aectnedas 832,as

I ndi cat, by the d d elli , d Lt | i .
uncer t 4 i6ass: RO BapHad BEF ruliaing T pr8 b npfipeL BT Bl i o,
t hefoebygi¢aN by Mt dMikanSSE dn®y. 18 cRuaNRbbssiBRY 8Ghé&le@Be Phe ALihbaAt and/ or

position of the 'mass spectroneter which, as a result, is 25smaller conpared
t o t he glectordes §32 o herigatanceysix o eighdin ordesdgmsavide fof hexapels obectapele

di fferent, ian tical S Les i.n the t ' urably

i ncr easrgg_assem%ﬁ)y.[%mﬁﬁ\g% g‘%’%ﬁ‘&@%ﬁ%%@%‘%ﬁﬁﬁ%@ '(r)‘éi%{rrgnt of the
nMass spAGkiperREEs 532C FbfltHtgsdke dhsimpligignthHediNustrationt isdintlistetagustsre fingnt
view. The side wall 506 conprises a highly precise machi ned reference

sur f ac©2506+a frael el YikWeways and, 30in this exanpl e, being machined flush
e 10081, T SRS Rt s fiEo Rl bmifmRbever L1 <
illustrated in Figure 2 insofar as the electrodes 532 are not all directly attached to the
same surface of the support ring 526. The four electrodes 532 are directly attached to
the inner contour edge whereas the ceramic support ring 526 contacts the reference
surface 506* machined integrally with the side wall 506 at its outer straight cut edge
20 528. This embodiment gives another example of a sub-assembly in the mass
spectrometer featuring an inherent position and/or alignment precision. This inherent
precision of the sub-assembly essentially includes position and/or alignment precisions
of the four conductive rods 532 mounted on the inner contour of the support ring 526
and the dimensional precision of the ring thickness. The inherent precision of the sub-
25 assembly, however, is generally independent of the position and alignment precision of
the sub-assembly as a whole in relation to the manifold. The latter precision is reduced
to a minimum as the number of interfaces between the sub-assembly as a whole and
the manifold is minimised, again to a number of one in this example (as indicated by the
dashed ellipse).
30 [0048] Accordingly, just the outer straight edge 528 of the ceramic support ring

526 has to be machined to high precision in order to minimise position uncertainties of
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arrangenents, for exanple stepped fromthe side wall and/or ground plate,
are al so concei vabl e. [0046] A carrier or support ring 526 (shown
on its own with dash-dotted lines, top-left), preferably made of an

insulating material such as ceramc, generally has a 5round circular outer

Cage. 5ot otraasinty P AT |2 A FHETH MR sHiEeubli e TRAA oy

i ndent agheQnanifld, Goatabast the arAicbda anvaiehitha géfapdncecautidoe 506*ds wvhted anagel v
machi ned for neatly receiving a nunber of pole electrodes 532 therein. The

si ngl e aot&sta trlieblesreferenge firgme fadeouniing am@amm@nqwowﬁ&aﬁ%@abb%s pueh
|nsul até&ﬁﬁd%rﬁé&&%@%s@&% |I18£tr%t%8r is 10given by way of exanple only.

i s egua pos td rncrease e nunber of el ectrodes 532 to, for

I nstsance si[0049] eTwbtvatianigrafehe embydimedefeaturexppoberangementpbae rod
assenbly. Normally, three insulating ri ngs 526 cflre used for assenbl i nﬁq t he
mul ti poql@qrea%lesgé asns@mb%wﬂ%mlaﬁngsh% § Bngs, (datted; GiRUrB LRI PNEYN PRIV ed
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Flgure rese odlrrent rTustrated in Figuré insofar as the
el ect r adashifad |rategra’|lth1tt1 thedinoand Ipjatataf dud bdusiogt MV\&mt'ea strafght edge of fhke
526. The s 532 are direct ched t
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outer straight cut edge . nbodi nent gi ves anot her exanple of a

sub- asguadleg a furthes héms p@mﬂ alcgmm@mt rﬁfﬁ(eme Ayrface (fapisgsidewsays initdis and/ or

assont ey S inp oty bt ARG rRoES ol feqb e aiER SRR ing,

conductyhieh coftack3thg@idasaraes of tre posteangaitiadiyr It &f alsbeonupivable toi grovidas
and t he di nensi onal preC|S|on of the ring thickness. The |nherent preci si on

of t he tBapIsWaingEGMth Mergdhan onesst@%tr%e;dgpﬁa@&émamo drositining, andi on
andal i Hﬁﬂetn y as a whole in relation to the
rraﬂlﬁfolag'g et%ﬁ%rﬁhgﬁ‘gﬁrg?ﬂgﬁn .Bﬁgrdi@ grghto a mninmm as the nunber of
interfaces {0088k Figlve GAlhawsentbpifals 6000 neassspecirenteteaisf midgi s

i ni mi sed, t f th | di cated by th
nshod SBENAIR)S SEBIAOBASINRE P FIgPS Snflley n B 6e SUrPHrS FLeGaUe 528  of

the cenamitinéyBRY roru'nagalétéﬁvda% ;Sc&'ét?est@%ﬁh&)%ﬁ' pléteBLPhRESC THeRahifol@r der

to mnimse position un ertainties of’ the electrode assenbly in relation
t 0 t he Go@nildsttated alisphaysxthei s’r@@a era (helteslséasusmgmt’rew eompagments 6024, or

at | ea e fer ence surface 506* is |ocated, may
2ce0ae 2R Freifiey BEREAIRd e MOt aBE AT AGCR BT B Y PSopt | cal
assenbldoﬁﬁoaiﬁﬁ&at@%%o%ﬁdmpahs o PdItipeReMals¥ dnalyest Bas&eblya[rP049] Two
variants of the enbodi ment featuring an arrangenent of a
compartment 602B), respectively.
[0051] The first compartment 602A comprises a round entrance opening 638A,
such as for receiving a transfer line of a gas chromatograph, not shown. Gaseous
25 samples, being separated according to their volatility in a GC column, may be
introduced via this line in an ion source (not shown) to be located in the first
compartment 602A. A circular opening 638B in an inner side wall of the first
compartment 602A located opposite of the entrance opening 638A allows transfer of
ions generated in the ion source to the second compartment 602B and the mass
30 analyser QO to Q3 positioned therein. Components of the mass analyser QO to Q3 are

shown disassembled outside of the second compartment 602B of the manifold 600 for
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qguadrupol e rod assenbly with insulating holder rings (dotted contours) are
shown bel ow t he exenpl ary enbodi nent referred to in detail above. To the
left, a reference surface is machined integrally with the ground plate of
t he housi ng, on which a straight edge of the holder ring is aligned. To the

i | e S R sk arRbAEF S5 het ATRISEER i eehaRSertal.

upwar dsfopBdllisioaat &&)Imﬁfthé id®y inlthelhdry beamicestngathegomsol rd‘ee(fsfabh mealistiofed e
(facing sideways in this case) for the outer contour_ of the, preferably

hi ghl y IprReadig H&oqﬁtﬂ@f@pm@aaw 431103 Unifdad e Mayc? 2QHebw Falcianr f ace of
the pos fﬂefaggftggﬁhéﬁearhtof'o% aﬁg tHQF meé Bi cg{lﬁ geseeuggge isN6caBEUhAA 'af

rrng w an one stral OSItIOhI ng and
15alsi grur&hQBmfomlstmgrin thiis mampﬂélaﬁqmrﬁrudoleamhassen[wesmh\e Focgu&s:e-z Bierehbws a

fold i
wor k. pieeia0 Sxe A0 AIGTRA LG PER GBOUIR1ICEE IR LGRS MAUARO G025 gPBund
pl ate, hﬁ 5\ §§ filtSrsCRhePEHY Q? IB&?F&?\@%Q&%@B&\A@% @8Rnohd i$8Pa

illustrate ays the shape o I'ess) housing with two conpartnents
602A, Zﬂlrwﬂelosedémtedesslgn (sm@aas pgesamed/mULSn%&taQEMOa@@?ﬁ&%)‘andgsan i on

source (in.c ment. 602A; | tipol e.mms al yser
oS eni inplifd vBfi Foliinh dgs ey ERGhe iR dTthé 0P Gy el Fagt
conpar tfepQ O AEA AN 0SS, Fad Sivdlfit IBSHrH3BAL RPaIPPtsETIBhe sleettoas for
receiving a transfer line of a gas chromatograph, not shown. Gaseous

ZSSaWISé@CtLUQB@d%epar ated according to their volatility in a GC col um,

may be intr ot cated
" the 111 st008aE 0 dmisartHia e Bnlibd B ide VR iPHUR obf, &R BEC2
wal | ofmbinsteliin atpe?mmaatrﬁﬁgérr@aﬂféfénédw@emm%llcheh@tfa lonerentraae of ampeni ng

638A all ows transfer of ions generat ed |n he i on soyrce t_o%édh% second
conpar tYRPEE CEeYBbaAW fests orsferncesiripce 'n%umaﬁﬂm%ﬂ IggilY fith
Conpon t of
CheBoacier S0 ey R Bp asifd e gf‘&mgéﬁﬁ%“@?%‘?%iaég‘”ﬁﬁ%ﬁ"? o e
The _masmuarlm gfstbe ncamifoid §68. @neuefmdnmnr(ﬁacte sm djmseexamm@s*eaymolaﬂplriyefanr

col |i si gnal coll the ions.int on beamextln é . S urceN/ésuch
co U SangamEnt R ask iGN S55 I BrC Sl 7 AN ESRSng Greh s S nafEE
2011 by,J5e4 Beo ¥ Ad d&%wde P%\i&b?éél?ﬁﬁbi%n@p@ﬁrﬂ% e‘hbﬁgé@l@npéf &lro%tttﬁdé?lje

quadrupole is locate QB consisting rn this exanpl e of
quadr updReanthstepHkdntalscesstahkishing @ retmlonraa«se)owhm agpists e aligning dhe girewit t o

h I
F1 Bper 2oagh a2 L egtotlod St Bedtelr B el e ovife RENER G BRET 2
cl osed tharpendephal difenBions FBF @5 Ppupsbdd) thé SthdratRiend®sufade faciiy/dpwar i s
supplied with a collision gas to induce fragnentation of the ions exiting

the fi machieedintegraily wthque stgn 640 @it the owter @@e Wal 60P maay EOMRHPAS 612 as
supportg.dQe df g?st%bﬁg&,r QS 844 8h%sp teteof that is another example of reference

surface and is machined with an inner periphery that tightly engages (at least at two or
25  more portions) an accurately machined outer periphery of tab 646 (or outer edge
contour) of the circuit board 612. When the circuit board 612 is lowered in the correct
direction and with correct alignment on the two reference surfaces provided in this
exemplary implementation, the pin 634 on the first step 640 engages with the opening
636, and the outer periphery of tab 646 neatly fits into and engages the inner periphery
30 of the recessed structure 644, so that, in principle, only an upward motion of the circuit

board 612 would be possible, such as for withdrawing QO from the manifold, whereas
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[0052] QO in this exanple (see enlarged top side viewin Figure 6B), can
be mounted in a pendant arrangenent referred to before such that a | ower
surface of an upper circuit board rests on reference surfaces (facing
upwar d) machined integrally vvith 15steps 640, which in turn are nmachined

nte | | f :
mani ol 0GR el RrOREH Bt LS8 ruEo ¥ b Bt e Baih BoCRHE BBk dane
al i gnmafkans Wh@cﬁﬂcdﬁlr@lhé&yrcumb@éﬁﬁmz\ﬂséhmaplé@é iretheandhifigld OOl §$)86 in
the circuit board 612 of Qr ovide a precisely positioned point of

engagertansiational ppafial ddﬁﬁﬂﬁlloaii ahdZkt ep 640 (al so establishing a rotation

axis), whic 06§§1CSI£§ al 'h%WgrthWﬁs Bbg‘ﬁH ﬁ@@\% hitofdlgod M é}%ﬁlbﬁp The @

frame of refleren |tute e’ mani nore t one spati al

di Wﬁnsilgat_chiﬁy erﬁg}jtfgelmmtﬁﬁw GBhltwltht émnmgﬁeﬁeasWeﬂlasftaemghaﬁi ofgpartieas of
machi ned i ntegra with the step. he outer side wall 606 may
conpri s%r%tll‘régé%%’iﬁ 644 and @Hﬁooerﬁle@éf’{ﬁab UG ARRYC P her eof that is

anot her exaﬁg?@gffﬁgﬁrfeeéﬁ,n&ﬁ tl'?é'{)fh%? aﬁadsh&gg%wgedﬂohgl FBw PUKId on the

peri phery t y engages east at two or 25 nore portions)
accuratliewleyAﬂPéathlg&IdeﬁBtwinth mpmthemaﬁmtthb néardfald600ut er edge cont our) of

the ci It 12, th t b th t
i rect i on ardlIORPL IEURF BUANGPTERILAE SIPAIREt fab o eh e uREcPats PhEIR ARV ded
i n fphi Sar%)%@'ﬂﬁé/ms”lﬂt%ﬁ&m {62 of thequtidiuSsié red asbembiies Q1SN 160 engages
wi th the opening 636, and e outer periphery of tab 646 neatly fits into

and engxgewle e mﬁ@fa'pl&rdq@qu togoteracianitrismnse auriaces eadeintearally hat |
B I L o

rotati QOrrﬂrh@dédntb@falwlthe@\ﬂtw\@uhmlrln%e thieadedber df interfaces bameerbhmmfold
provi de fixing means which confine the circuit board 612 set in place in

t he mafi00aRd G@Qtrpﬁe%lﬁﬁzsﬁ%ch AaRSIeidShal spatial dinensions (X Y, 2).

(9571151418086, T1RIBP Ll APESIGARAT Y 0! A0t OO,

tight fQ3 cah bpadsilpesteridesittouhé lp!oeﬁlion'ergemd éHghraact ofu@2rthpatatpitest y of t ab

040 21 Sy SRBLL ot ok RS e 2B I e Bh et 200 B 000

the maghdighte 6@0installed in the manifold 600 by means of the exemplary arrangement
illustrated in Figure 4.

20 [0057] Figures 7 and 8 illustrate other examples of extending the previous
embodiments from providing high positional and/or alignment precision in one spatial
dimension or direction to at least two, preferably three, spatial dimensions. This can be
achieved, for example, starting from the embodiment shown in Figure 1 with reference
surfaces on posts 708 integrally machined with the ground plate (not shown), by also

25  integrally machining an alignment pin 734 (to high precision), preferably on the face of
the reference surface 708A. When a circuit board 712, as support carrying the electrode
structure (not shown), comprises an opening 736, a hole, or at least a recess at one of
its side edges, being machined to substantially match the dimensions of the pin 734, it
can be lowered (downward arrow; right part of illustration shows condition after

30 completing the downward motion) on the reference surface 708A such that the

alignment pin 734 engages with the opening 736, hole or recess, preferably in a sliding
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[0055] Simlar arrangenents are apparent also for the other parts of the
mass l1O0anal yser. The insulation rings 626 of the quadrupole rod assenblies
QL, B, for exanple, are preferably designed to interact with reference
surfaces made integrally with posts 608 that protrude fromthe ground pl ate

of QPF‘[‘? SR ARHoASRolifd, B bEr B HEle! foidrdhglt Sr?r% Bobfy 7
604f% hf%sdgl ﬂ %jé\e H eﬁ‘g (Sg oes%%Z

m nimse nt erfaces b en’ nani

(fSUCE asn tmd &efe:;emhsaa suilfé[:@%)@h tﬁhﬁabé@gu@thlat trwmpquaarpfd opeﬂyr; bngage@trtehe partzI
of the mass analyser can be easily extended to the 05| |on|ng an
al i gnmePREMRg éG holg Q!é?‘é‘?f’fse IEYSENUEE %lhaég' 'GRH?'C%PQRPFFO'B%”E H’t‘e here
for t h i I in the

mani f ol (Jf@ﬁgt g‘fZ %@g?}@é% ﬁ%gee@ﬁrg%g{?gr@/ﬁgrr\ m@;@%ﬁ’{} tﬁ%m‘e{s}ﬁoﬁ ed | n Fi gure 4.

20[ GO574ciiévad.es 7 and 8 illustrate other exarrpl es of extending the

f i di.ng_ hi gh d/
Dot oi on 1 1OBRET Jpsrrar I AHEIe 5R AraneBRRnb AT E sibHoetln Fid @R Meper abi
three, sipfddes! mdr&Bitii ons anarh\hént:@ﬂ 8@1@@314@&111 bé 9foxﬁd@dmbeex&hare§?bng from

t he enbodi nent shown in uﬁ%ure 1 wth reference surfaces on posts
i nt egr dheydifferent rederepicersurfaeeg obtwel ppsistas (ln%iratgﬁolmﬁ)gur@ﬁ Byortegiohtheyr al |y

of 1 ho SVAR L AR TERreRd sliidon And LN BB TRRA i b A LR tndiyed i 2c€

caroyi ngpgrbgrigteaiuhastpags r thetdircait boakd &gawbrally iixed ke raanifgiand nfghy 36, a
hole, or at least a recess_at one of its side edges, bei nﬁgmachl ned to

Subst arRTEaIop. fateat thRananifais sAB RSt 36 2 high srecisian relarebemiTBma f@\%é’?%@”
d f f
( Om“’acfdilca[%e mk5l|e§},m1 é"iﬁaé% 3déc§tr‘6ﬁét@? anHre%‘QBﬁua%pﬁéﬁél%%g\( ;{EC Chat the

conpl et domnwar e reference surtace
al i gnment pi[0058H Ilawglatmsndertsltoddﬂmawemm@aé’m‘nts lboketails of ¢éloe swentioeheanabl y

[idi t h db i bl e wh
| ower ; 5 $ahasd Br At sUITank 3pSE Bisclaseps Sakrtivn A FHERR o ke sur e
thak t henpbdimédds Bf fPl%qmlé/ntﬁi?ﬂﬁﬂgg%et RB AP BBPthet3P prat@ic8bR wi tﬁ%@ﬁéepér’ﬂnbh' S

manner, an additional spati al nstriction for the support 712 and t
el ect r gt ¢he scope of thatieventium fethermotes theforegbing deseriptiors isclor @\v@d

[ 0058] In orde ar.ran errent he. sup on th

ot o ol &is LS ARy vt BRE T RS TR R B8 o WA v geq,

for exgashed skl I_jb?tmgf)pémd e@irﬁgence surfaces of two posts as

illustrated in %Nb . IBy virtue of the contact wth the reference
tWweaaigd

surfaces and006@ 3imeslaib: al i gnnent pins engaged with
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10appropriate counterparts, the circuit board is generally fixed to the
mani fold to high precision, so that the manifold can act as a high
precision reference frame for the ion optical assenblies in the nass
spectrometer in three spatial dinensions X Y, Z [0059] It will be
understood that various aspects or de a| % of the invention may be changed,
or that different aspects disclosed i LAY junction with different

15enbodi ments of the invention nmay be readily conbined if practicable,

wi t hout departing fromthe scope of the invention. Furthernore, the
foregoing description is for the purpose of illustration only, and not for
t he purpose AdMmdsspectigmeier ¢aropnsingn, which is defined solely by the

comr <1 ng: 8 PRabRLeind i g B oe BeBRehdeSs e bl OB ABRG el

integrally rfaghhagifblav th the nmanifold; at |east one nmulti poI e ion opt| cal
assenbly, wherein the mul tipole ion optlcal 5assenb|y conpri ses a, support
With two si cﬁide%ﬁt@n@ rpulipale oy aptica| azsaralgsyh wmermaltqpoéﬁ lonHptispkct r odes

are gattache cSinfifisal afsglfogoﬁqﬁ?r?fv&o fad a‘?wd”%ﬁﬂﬁ&l’it?;é‘f%!ﬁ‘tb o@llehgns the

support tot e a east one Pence surface suc er of
i nterfaces beftevetmail bethesdlecterdss sy dttaohedftotdmne smemof shid smpxpotthendlaect rodes

imS“ {n, Bioriesiegheé}%qe\ggﬁﬁéggl ! bgnsgxtgﬁ{gpt%g%aﬂeagt one re e];eonlcde saun ace suc(}a‘lat Lyone

a number of interfaces between the reference surface of the manifold and the

electrodes is minimised.

10
2. A mass spectrometer comprising a manifold and at least one multipole ion optical
assembly, comprising:
the multipole ion optical assembly having a support with two sides and a
plurality of electrodes, all electrodes being attached to one side of said support;
15 at least one reference surface that is integrally machined with the
manifold; and
a mechanism that aligns the support to the at least one reference surface
such that a number of interfaces between the reference surface of the manifold
and the electrodes is minimised.
20

3. The mass spectrometer according to claim 1 or claim 2, wherein the manifold is a

single machined work piece.

18



the nultipole ion optical assenbly having a support with two sides and a
plurality of electrodes, all electrodes being attached to one side of said
support; 15at |east one reference surface that is integrally machined with
t he mani fol d; and a mechanismthat aligns the support to the at

| east ope re [ - r i ! het 1 he
ref erence su??%@ga%gfsﬁ%ﬁg%ﬁgeﬁ#%&@t@ﬁé t?ﬁ@'&’gﬁ] é%c?fﬁh%ggéﬁ?ég'ﬁgg?aﬁ"? gé‘&ﬁg%‘éﬁ 3. The
nMass spect r ofivetreferanc®sdiface sta shidace &f arecdsai machinel éntegrallyvetintne fol d i's
a single machined work piece. The nmass spectroneter according to any one
of the prece®PAHOEl ai ns, wherein the reference surface is a surface of a
recess machined integrally with the manifold. The nmass spectroneter
according to any one of the preceding clains, wherein the reference surface
is a substantially planar surface at one of a post, step and pl at eau

macls nef i nt Bog aldsg spiectrotretemagtofdihg .to Bhg anesa the ececastimy elairas cohdiaiy t o
any one of the ecedi ng .cl ai ns erein the manifold co i Ses |ls and a
G sund.pi at dIEGBIRTG S s Bt hEA B o TIRLACS AT Dot Sredhos
spect r omet erp|aeeerHhBdinka imtegimy GvithMhr mhRifélge wal | s of the housing have a
hei ght of less than 8 centinetrés. The mass spectroneter according to claim
6 or claim7, wherein the manifold has a volune of |ess than 8,000 cubic
centinetres. The mass spectroneter according to any one of the preceding

compr ke ot S aRs iRt e ihg W ah? e aT FERIA G EL AN i,

compr i ses cdheaesanfuld sgmpeices sesls aihdap grourgisplate foanirgnpang of Bdosigiepsftthen
directi ons essenti al lg{ arallel to the reference surface such that the ion
optical assdRBFSSPRCEAMEI®Ed i n nore than one di mension.

7. The mass spectrometer according to claim 6, wherein the walls of the housing

have a height of less than 8 centimetres.
15

8. The mass spectrometer according to claim 6 or claim 7, wherein the manifold has

a volume of less than 8,000 cubic centimetres.

9. The mass spectrometer according to any one of the preceding claims, wherein
20 the reference surface is substantially planar and comprises at least one pin
protruding therefrom, and wherein the support comprises corresponding
recesses or openings for aligning the support in directions essentially parallel to
the reference surface such that the ion optical assembly is aligned in more than

one dimension.

25
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25 10. The mass spectroneter according to any one of the preceding clains,
wherein the ion optical assenbly is an RF nultipole el ectrode assenbly,

wherein the support is a substantially planar printed circuit board having
two surfaces, and wherein all the electrodes are nounted on one surface of

Sur  hoelO-11. T 14t B RRl B cceRing 1S AR R s pPeocf oo ing g 57

wherei n the thefigh epacaltssbamry issarsRPShaltipbR ¢lgcpbdd assemblyr @hardihehe on
optical assenbly is a clg;ldrupole mass filter having four rods and the

support conptiRRest is eseHkstantiplly plangjeriatecekedt beardiiavng Bydguifaees. 68¢, and
wherein the pj00s, Daye. ﬁﬁg{rgfi@é a@f‘qoﬁﬂfmpgn ?)b%%'u%ﬁe%q‘% ?Qn@a cqf‘é'ijﬁrboa]{d

peri phery for aligning uadrupole mass ter to the ference surface.

12. sThe nassampet bogriueacads alighiethta theabfaremdel sunidias.ei n t he insul ati ng
rings are 15ceramc rings. 13. The mass spectroneter according to any one
of clains 1 to 9, wherein the reference surface is substantially planar,
wherein the ion optical assenbly is a RF nmultipole rod assenbly and the

suppor t1CoNPrhsSRask BpebRbIger ddt9%diAG ke ahg dnériand el i ReeldietHeods, and
wherein the rings have at | east one Common straight edge at an outer

peri phery bdeferenté gudace is substardiadly plerarswheeaie the ipp, optisal assgmbly is a
spectrometer_according_to.any one of th edj j : b0 the
sOpport 1s 1Bl Ratn Ui Ry e B BRSOt BhBristy FRBGS "0 e
of :1p25adhesiHys SR apachdidiagRh&8ods, and wherein the rings have at least one
common straight edge at an outer periphery for aligning the quadrupole mass

filter to the reference surface.

12.  The mass spectrometer according to claim 11, wherein the insulating rings are

15 ceramic rings.

13.  The mass spectrometer according to any one of claims 1 to 9, wherein the
reference surface is substantially planar, wherein the ion optical assembly is a
RF multipole rod assembly and the support comprises insulating rings attached
20 to and holding the rods, and wherein the rings have at least one common straight

edge at an outer periphery being aligned to the reference surface.

14.  The mass spectrometer according to any one of the preceding claims, wherein
the support is rigidly attached to the at least one reference surface by one of:

25 adhesion, screwing and clamping.

20



15. The mass spectroneter according to any one of the preceding clains,
wherein the shape accuracy and the position accuracy of the reference
surface is better than ten mcronetres each. 516. The nmass spectroneter
according to any one of the preceding clains, wherein a position accuracy

of the jon i cal as ly.is bett. f 1Cr I mass
spect r onet e?ﬂi%ﬁﬁsﬁsgpﬁggggpé}%rrﬁ(}cga?%ﬁé éé/ ?ﬁg Og'g;bgftﬁ?g Hﬂécgeairgcﬁ;l @ﬁs’néﬁ%rieﬁ'ed
integral ly whelshiape ase0idcy! 4hd thegiodittasacaurgeytf thepeferehed safaces &l betssrenbl y
conprising a support with an adjustment surface, a plurality of electrodes,
al | of whi cihapdemnmigioatptias @G adj ust ment surface; and a mechani sm
that aligns the adjustnent surface to the reference surface such that a
nunber of interfaces between the reference surface and the adjustnent
15surface is mnimsed. 18. The nmass spectroneter according to claim17,
wherei Ma. he Hi nsisespecsometareadcsrding o aay oat dfliee prgrmaling cl20b9,. Whereimaas
spectroneter according to ¢lai.m 17, or claim 18, ergin the support i s one
of an | nsul RSP FeRTaRMOLNEIIPR GPIICH ARSEMEN SThtGhIean bHBdtthiiametres.
according to any one of clainms 17 to 19, wherein the reference
surface and the adjustnent surface contact each other over a surface

25ar ea. o
17. A mass spectrometer comprising:

a manifold having a reference surface machined integrally with the manifold;

10 at least one multipole ion optical assembly comprising a support with an
adjustment surface, a plurality of electrodes, all of which are aligned to said
adjustment surface; and
a mechanism that aligns the adjustment surface to the reference surface such

that a number of interfaces between the reference surface and the adjustment

15 surface is minimised.

18. The mass spectrometer according to claim 17, wherein the adjustment surface is

machined at the support.

20 19. The mass spectrometer according to claim 17 or claim 18, wherein the support is

one of an insulating ring and a circuit board.

20. The mass spectrometer according to any one of claims 17 to 19, wherein the

reference surface and the adjustment surface contact each other over a surface

25 area.
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