MULTI POLE ROD ASSEMBLY AND METHOD FOR | TS FABRI CATI ON BACKGROUND [ 0001]
This application is in the field of nmultipole rod assenblies such as used
5in mass spectroneters and, nore specifically, relates to a nmass anal ysi ng
spectronmeters and nethods for fabricating nmultipole mass anal ysing
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20 zero phase, while the other receives a negative DC signal at a 180 degrees phase shift
(-[U + V*cos(w*1)]), thereby acting as a band pass and separating the ions according to
their mass to charge ratio, generally denoted as m/z. This relationship is illustrated in
Figure 2, wherein the shaded area denotes the band-pass wherein only ions having a
mass to charge ratio (m/z) within the shaded area may pass the mass analyser. The

25  width of the band pass is controlled by the signal applied to the rods, such that the
narrower the band pass is, the higher the resolution of the mass spectrometer.

[0003] By scanning the magnitude of U and V, one can over time allow species
of different mass to charge ratio to pass through the spectrometer, thereby obtaining a
spectrum of the ion species within the sample material. Generally, during the scanning

30 the ratio U/V is kept constant so as to maintain the same band pass. The ions exiting



[0004] In spectrometers, such as the mass spectroneter described above,
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20 However, once the adhesive cures, it is rather difficult to remove the mandrel, often
requiring lubricants and cooling of the mandrel to cause thermal contraction of the
mandrel. This process may also damage or cause misalignment of the rods. Further
information concerning the state of the art can be obtained from, for example, U.S.
patent publications 6,926,783 and 2006/0102835.

25 [0006] The patent US 4,990,777 to Hurst et al. discloses a pole rod assembly
where metallic rods are, in a radial direction, spot welded to L-shaped brackets. The
brackets are, in an axial direction, spot welded on a flat lateral face to a metallic ring
which serves to provide operating voltages to a subset of rods via the intermediate
brackets. The metallic ring used for distributing the operating voltages among the

30 subset of rods is glued, likewise in an axial direction, on a flat lateral face to a ceramic

holder ring.



[0007] In view of the prior art, however, there is still a need for nethods
for easy and cost effective fabrication of highly precise rod assenblies
such as those used as mass anal ysers. 5SUMVARY [ 0008] The follow ng
sumary is included in order to provide a basic understanding of sone
aspects and features of the disclosure. This summary is not an extensive
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description that is presented bel ow. [ 0009] Cenerally, the invention
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provides little extension of the 30shoes in an axial direction sinp i ng

t helSharRfliselgtion rings epphdaplation ring attached on at least one of its sides to a subset my
the plurality of shoes.

[0010] In various embodiments the shoes are directly adhesively attached to the
isolation rings. Shoes may be attached to the isolation rings on both faces thereof at
essentially a same circumferential position in order to reduce material distortions due to

20 thermal stress.

[0011] In further embodiments the edges of the shoes comprise a slot for taking
up excess adhesive.

[0012] In some embodiments each of the rods comprises a plurality of
roughened areas, such as laser scribed areas, corresponding to locations where the

25 shoes are attached to the rod.

[0013] In various embodiments, the shoes are disk-shaped and comprise an
arcuate cut of a diameter similar to a diameter of the rods. The shape of a disk provides
two extensive side faces at which the shoes may contact and be reliably attached to a
side face of the isolation rings. The disk-shape also provides little extension of the

30 shoes in an axial direction simplifying the handling of the assembly.



[0014] In various enbodi nents the arcuate cut nmay have a textured surface,
such as sand bl asted surface, |aser scribed surface, serrated surface,
ri bbed surface, and/or ridged surface. Treating a surface intended for
adhesi ve bonding in order to obtain better adhesion properties is known in
the prior ari. The patent application US 52010/0276063 Al to Bui, for
i nstance, whiQH4lsImeariays embadigrgts hearawate estenanbave @ textiredsurfacs,

descri bggel1gWsahg b éé‘g%ﬁﬁ%é( .Iéé&%cgipghesu?f%gé & ﬂ%b%ﬁﬁgéﬁﬁ rg%tged;%&ia Qut er

peri pheral surtace evii se 'aner perip ol der
I n a radndlor didgedsucface PTreatirigoa space aitémdedfor Haeesive ondiiry ibantdepty f aces
are rouaEeneﬂ ?roqsfﬁqructured as to inprove the adhesion capabili tﬁ and

st r engt HB?IN Relierarhesiqs pepsrtigsistnomien thapsiar atntde prtesharmlicatian 84S t he
i solati ( Il  adnl - WGA ' -

W E Bl E e, e ST Feh PR e p L RN ter s
conduct éntrety describgs how, iduan agsemblgebyy,.pole rods &1R0gIGéd withsa fret enteodi nent s

the isolation rings conprise an arcuate .cut, at .the jnner, periphery, of a
r adi us #%rgrggr?{ﬂaﬂacg tP%{"i%N'ﬁ? ﬁ?_ﬁ@n?f)ﬂ_@”%@hs%’ﬁﬁﬁ G#eé RQ[?@( i'rbﬁéﬁS'a}lISs pace
for t hedip&tiohi PYdtdo ppliestioreethe Y& ithe bohtYsfakes ald YsudHene@granot her
during assenbly. The specific design of the assenbly process di spenses with

t he nee¥try@u tohiepipee theadhesior eapakititycanst stcengihen theboenger i phery of

ol %ty ortPSL tob OB RS the sRAGT b By Rhg Gl B TR BT s

conpr i s&Egnmertaiodheswhichgfiay favdurdisly Mterat With slignieit pirkoatadHeRston ti nes

m n * m shoes. ghe_ ﬁifurality of rods can constitute a quadrupole with n
equal | i SRINPRRRNTS pha fixtirg that kolds e aendugiivedods in plgce Biudagssemddn f ound t o
be an adequ It : : .St e
shoes. mm@p;@%ﬁ‘@}p@éﬁ@@@@éﬁﬂg tﬁﬁggsoénl r@é%kfé@gh?%%ﬂéﬁ?@éi{ehc@t, gﬁhg

r equi r éneen gerigherpeofZbraatiselainggr. than a radidsOsftae rods whidhoprovizidsaglifficents t he
conductive rods define.an pon, trapsfer. axis angd an inner radius, Ro, and
mat@ri APACE Jpr &Weoc{ﬁﬁm'&g Pt@’qso?ﬁ‘? ISPIAUICBHEIYS TERAIVErR aneAnathedyinggs are
chosen gudembipnatrhé Rpetifb [ i ' ' baNith ge in
tenperature. The af ngelman[e F%ﬂﬁ&aﬁgﬁ@?‘;&ﬂﬂo@%ﬁ’idLéb%éﬂ%é%%tg‘r’ﬂw%ﬁefélﬁﬁe us
pat ent ke@p,tbezistance belygarhrogt catitoyr drg innes paripkerytdféhe csaiation wfg whhigh i s
herewittl‘l 'éigl%ﬁ‘raporat ed by reference inits entirety, discloses a nethod of
sel ect ian terial for the construction

[0017] In preferred embodiments the plurality of rods comprises n rods, the
20  plurality of isolation rings comprises m isolation rings, and the plurality of shoes
comprises n times m, n * m, shoes. The plurality of rods can constitute a quadrupole
with n equalling four. For such an arrangement m equalling three has been found to be
an adequate number. The plurality of shoes would then comprise twelve shoes.
However, m can generally be chosen freely according to the requirements of the
25 assembly.

[0018] In various embodiments the conductive rods define an ion transfer axis
and an inner radius, Rg, and materials for the conductive rods, the shoes and the
isolation rings are chosen such that the inner radius is essentially invariant with change
in temperature. The aforementioned notion is known in the prior art. The US patent

30 4,032,782 to Smith et al., for instance, the content of which is herewith incorporated by

reference in its entirety, discloses a method of selecting a material for the construction



of a multipole mass filter that retains the inner width paraneter Ro
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t hermal expansion of the material of the nultipole rods and the material (s)
of a nmounting structure to which the rods are directly attached in a radi al
di rectiopaare .chosen Sé‘ithat a constant ratio of the two is 5provided. This

rati o i 8F 84R¥HPPIgIMysybtes thatietping thednge vidthmasametgrRRnigvarianirith peanggis
and noupyd t n: i ; tive
Fods qel hSHRE! FLF that purposd, 10 hetBienfBr FERAY Shiirsiod dAnEHAtrH

di st ancef thfe raulipiote roafs aatd thehmeterial{s} ot mamtieg stmidturs b athichnthe rogisfarem t he

ion transfe xis is selected such that, in view of thermal 10expansjon
o oper ¢ AEeSl agheriin eratia reglico Atr ciosnn SO NG adtasis@ntiatio Sois MESr i ngs,

the 4 nngfovidl. Uphis$ ki HENA - d _
5] "Bl 3265 AU borriy R oV g o) ragiei S ooy
mul ti pofad axymiigystrusturpri si ng the steps of inserting a pl urality of

conductive r knto_ a fixtur i nserting,at. | east ,ope precision: nade
cpacer i n belinsh "hestar i dineplt Mg e do3h a2h8e BhdShTannir s
spacer sath@ aphitigervaBies R3cand byBaRNHistAndh¢F 4 point oPgitgsinehtbativean tihagsa
plurality of shoes onto the rods, attachlélrégecgepé)l urality of isolation rings

- pr ef erghisplationgdng ffom thatien traastagxis is grch Heatpinwiewiaf yhefmalhoes

ar e, adhgsivelk hed - nl I d of | |l I pgs

ar e1 Ogt t gﬁ%ﬁl noﬁrtoh)%?ti%o%i@afrég%%s{/ﬁg 3h§ﬁ§n&£c§g§ rr§ § %n%{&rég’ I e{enadsrlgfr%lga %%)hcem'rg% dg% rom
t he fi xinneeradileiscestentially invadant with ohahgsl irsteenseratiee 20 present ed above

d [ fl h d in which th hod b
carried out 102D cldpdsientin  WERERDORN SRS (1d Aig hod Gy IapRGArGea SRSy
be Condé@e‘?ﬁblf’,récﬁﬁpﬁﬁné"’thé‘ggeg% &H‘ﬁ@é?ﬁh@% ﬁlﬁ%Wn@%ﬁvé d AP a fikfursome

enbodi ments 1t 1s also poss e to exetute t nore mnet hod stepf)ls, such
as cr eansedingrad leati enevrebisithsmaseraplataninceetiveen 3oe Iplyralitydf abdeneging thee

der of hod wh i.cabl. hal |, t her ef | i.ncl uded
"1 Bhe "oeBendie PESPacARgs shtFt BGesise AlGYRRRERkhe ke Fistely BRERUNS &y o
areas qilueAighofdhddscoritedise k&dgd, %@Bﬁmg%eﬁfuirélrt¥ bmsfollh]gio[r)\orﬁ{ braratably he

plurality of areas corresponding to location o 1ng of the shoes.
Li kewi srectlie efgdie shoeseans aften theylwliyhefehoestarataidbiesivaly attagheddodheo be

241 oS0t e AC Bk AR bR AR B P
sur f aceand @dedsing the rods from the fixture. The order in which the method steps are
20 presented above does not necessarily reflect the order in which the method steps are to
be carried out. For example, attaching the isolating rings onto the shoes may be
conducted prior to or after attaching the shoes onto the rods. In some embodiments it is
also possible to execute two or more method steps, such as creating the adhesive
bonds, simultaneously. Such permutations in the order of method steps, when
25  practicable, shall therefore also be included in the scope of the invention.

[0021] In various embodiments a plurality of areas on each of the rods is
roughened prior to their attachment, the plurality of areas corresponding to the location
of bonding of the shoes. Likewise, the edges of the plurality of shoes, at which the
shoes are to be attached to the rods, may be surface treated as to improve adhesion

30 properties. Preferably, surface treating comprises sand blasting the surface, laser



scribing the surface, or cutting the surface to generate serrated surface,
ri bbed surface, or ridged surface. [ 0022] The invention also rel ates
to a spacer for fabricating a nultipole assenbly having a plurality of
rods, the spacer conprising arns extending froma cross- 5point with two
arnms ext endi n? along a rotational axis, the spacer al so conprising nesting
areas bEEVRIBG thRyPUERGR, o GHEing the Séﬂaééttp\génﬁé%t?lsﬁ&aﬁ%@éﬁ@f& ribdedisuriageand
al i gni ngr];lg &gg,sf dé/\/nerel n the cross section of the arns in the nesting
areas is co I gured such that by rotating the spacer around the rotational
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30[ 002 Armginrhenestifg afsBROfid ERd ding bPSpatRa ¢8StricBoMBER beffalslradlyethAiRfdal de
o by a rotation of the spacer in respect of the axis of the rod. To achieve such favourable
rotational properties the cross section of the arms may be essentially rectangular or
square with dimples in the nesting areas, for example.
20 [0024] In some embodiments each arm comprises a section having an S-
shaped cross-section with the S-shaped cross section on one side of the rotational axis
being oriented opposite that of the S-shape cross section on the other side of the
rotational axis.
[0025] [n various embodiments, the nesting areas have a shape generally
25 adapted to a diameter of the rods in order to provide optimal alignment capability of the
rods.
[0026] In some embodiments, the nesting areas comprise a flattened surface in
a region of contact between rod and arm in order to provide a more stable resting
surface of finite dimension during assembly.
30 [0027] In preferred embodiments, the spacer is made of tungsten carbide or
some other suitable high strength material.



sonme other suitable high strength material . [0028] The invention
noreover, relates to a nmethod for fabricating a nultipole assenbly,
conprising the steps of inserting a plurality of conductive rods into a
fixture, inserting at | east one precision-nade spacer in between the

plurality of o t he spacer having arns a cross section of which
deternines a ea_f‘?\}'éV%t@f‘hmm?@t‘?re@i%ﬁ%lt@lal pethogefor F@ylcaﬂ@g@cmnﬁlp@& ween

10 20, 3S6ohoEBOHE Y Shr #0801 1 HORRPALISAHIE BREHIE L™

preci se a |so rin
onto t hmseddﬁg atrleastvonegpicesicapataie madeeanbeMeea\ metpﬂmnamt‘;ad)f rﬂidél me sqia@ég a
rotatiopal. axi s runnin%gt rough, s gﬁ bet ween the r.ods, the

essent i dfY9EHSE A§Se o7 QEWh egtive Ve Wh@@r&?&@ﬂﬂ@”}t he

spacer fefpmad é‘%pé@iﬂ@ be%ﬁgeﬁ ﬁh@%n/!sdb%n% BEndikti@98dé rlﬂgh'l:? fie rh?ﬁé WhSinsfhhe

before, the order 1n which thod steps are prese ere“Is not to be
const r usaGasde obtain peecise ahgmraenbufsthefrodﬂeatta@lhhtgja splurplssty afisciation tiageous

i od
L0025 SedharPys b BoCumricel By riSdnEBEs oS fdiian aBna istiana!
spacer saxig rmmng&ﬁmgﬁ rstpla@m@d perivBed the rcSHsd‘B’ﬁerbBy @%&&%él@heauaﬁgrthé od

paral lelismdurin assenbl i ng. The use of three precision-mde spacers,
accor di ﬂ@eqttyesfwﬁ@ @fnib@cﬁrmryﬂ dmngaglegélne sgawe‘romrﬂpem@s taml rg:temmg the of

E:gsrp Lh@?‘tgg%m?@é € ef rqélfé\)/%g'ﬁheésgl ng s%gcgethgﬁﬁ%%lﬁgasm%ﬁg 8F% Sreﬁem?éj sense

t hat i fhereds ebf eché constesdd rgstiigtivec Penaugaipes of fite afdtiesd sleps26mi dt h
declines correspondingly. The effective width can be defined essentially as
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Is defined is th ore ssentially determ ne uri assenbly.
Provi dithg aorameralmlnedcrnettmdse@trderrtalesztabﬁsbmropér tddepaml‘rel;snh dunngst ance,
| ions_or di S-shape t he 25 effﬁlctlve width (the width
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reduci rgmpoyinfemts %IMbﬁ'fGﬂﬁéﬂmdravé e ﬂa%ﬂﬁom%rﬁghﬂ?erﬁrdﬂ‘ﬁn nd the rods
contact during alignnment. 31] I'n another aspect the invention relates to

a fixt@ssemplingabri cati ng a rrul tipole asserrbl y having a plurality of
conuct e, 50 SRS EATR AR B AR bk Bl CoBide: ©
mentioned before in the sense that if the effective nesting space increases the effective
20  width declines correspondingly. The effective width can be defined essentially as a
dimension of the arms in a plane perpendicular to a rod axis during assembly. The
frame of reference in relation to which the effective width is defined is therefore
essentially determined by the rods during assembly. Providing a suitable cross
sectional contour of the arms, for instance, with indentations or dimples (“S-shape”), the
25  effective width (the width a rod “sees”) may be altered by a mere rotation of the spacer,
thus, reducing any surface modification in the places where the arms and the rods
contact during alignment.
[0031] [n another aspect the invention relates to a fixture for fabricating a
multipole assembly having a plurality of conductive rods. The fixture comprises a
30 support, and a plurality of isolation ring holders attached to the support, the isolation

ring holders having recesses, preferably in a shape of pockets, for receiving spacers



ring hol ders having recesses, preferably in a shape of pockets, for

recei ving spacers which assist in the alignment of the rods, and each
hol der having a plurality of, preferably spring-Iloaded, plungers for urging
the rods against the spacers during assenbly of the rods. [0032] In various

embodi nent, t he support conprises a base, and a tower that 5is either
attac he&’hﬂc} %?S'ﬁtdaéﬁ {'@fo‘ﬁm)?f t\ﬂﬁ‘t"ﬁ"? RNbaae h@'ﬁef Ravingeenplerality okt andal one

I
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support assemhlysdflttiemgds rack prow ding high flexibility for the posi tioning

of the isolatji rings.as we as easjing the nounting and renopval of the
conducti ve rt@a b?wéo%%@ afmens iheSUPEPE Conysesta Dass;. andoa tawyer that
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rings and shoes during assenb e rods. The alignnment’ pins nay b
at t achetixtuee earbedgfrovided rblhatrrgey bedochtad pnemyagdarichh farl dxgnmiat not c hes

I ted at t t f sh I sol.at,ion rin 5[ 0035] In
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[0036] I.n further enbodinents the hol ders conprise two half rin

pr ef er aBNgs o yeliasrRasion thmeosnteg endrrenioval ektheaionductiys radsva trtam
macly ne ssén%ﬁédfrg%l @@'%pfé%e%@g-e' solation ring and being held in place by

rennvab?e pi ns d enbodi nents enable sinplified
fabrication [0034jl lnlfﬂother eododinentsthe hoklerd hase mligamenapirsaosalighihg h
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outer periphery of shoes and/or isolation rings.

15 [0035] In favourable embodiments, a number of plungers on each holder
corresponds to a number of rods to be assembled, such as four, six, eight et cetera.

[0036] In further embodiments the holders comprise two half rings, preferably
positioned on one side thereof, the half rings having two machined steps for supporting
an isolation ring and being held in place by removable pins.

20 [0037] Disclosed embodiments enable simplified fabrication of multipole rod
assemblies such as mass analysers, which provides higher accuracy of spacing and
alignment of the electrodes forming the analyser. According to embodiments of the
invention, the mass analyser is fabricated by assembling the rods in a fixture. A
plurality of temporary spacers is inserted between the rods to provide precise alignment

25 oftherods. The rods are adhered to ring isolations via a plurality of shoes. Once the
adhesive cures, the spacers are removed and the assembly is removed from the fixture.
Establishing adhesive bonds imparts significantly less thermal load to the material of
rods or shoes than, for example, a welding process as suggested by the prior art.

Generally, adhesive bonding between rods and shoes, and also between shoes and

30 isolation rings, prevents electrically conductive contact between these elements and

may thus provide some kind of electrical insulation, at least to some extent. Such



250f the rods. The rods are adhered to ring isolations via a plurality of
shoes. Once the adhesive cures, the spacers are renoved and the assenbly is
renoved fromthe fixture. Establishing adhesive bonds inparts significantly
| ess thermal |oad to the material of rods or shoes than, for exanple, a

wel di ng process as suggested by the prior art. Generally, adhesi ve bondi ng
bet ween®lesticah Rpuiativadavayrably Rievisies\ieeminjrwes capacities nading oitheirags,
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i solation rings an e sho&s bneed not to hi erance, as
t he spaseswagy.ofinde maespabemnambeareuaeaw faSiicatangt manypmanaimerbethleeused
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f fabri i.ng. hi_ghl
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[ 0039] (¥1 geeq ts and features of the invention will be apparent from
the det@ilad" ription, which is made with reference to the foll ow ng
drawi ngs. It should 15 be appreciated that the detail ed description and

t he draw ngs provide vari ous non-limti ng exanpl es of various enbodi nments
of the invention, which i SBBEFIDRSERIRTIQMEF IHE NePai ns. [0040] Figure 1

g s o 10036 OURARUBELIHRY B e R URFE APBR R I
i s a plaetailéd dsseriptiongwhich is tnadepithaeferencetd e foflowimg draaiirgspadt showmlds
spe1%t ' Qbrreeagpr)re%];ate:cii s-611uartet‘hé1 detailed description and the drawings provide various non-
limiting examples of various embodiments of the invention, which is defined by the
appended claims.

[0040] Figure 1 is a schematic of a conventional quadrupole mass spectrometer
which may be adapted for implementing an embodiment of the invention.

20 [0041] Figure 2 is a plot illustrating the ion separation action of the quadrupole
mass spectrometer of Figure 1.

[0042] Figures 3A-3B are schematics illustrating ion mass analysers according
to an embodiment of the invention.

[0043] Figures 4A-4C illustrate shoes according to embodiments of the

25 invention.

[0044] Figure 5 is a close-up view showing one shoe adhered on its arcuate
edge to a rod and on its flat surface to an isolation ring, according to an embodiment of
the invention.

[0045] Figures 6A illustrates the quadrupole mass analyser from the side facing

30 the shoes, according to an embodiment of the invention, whereas Figure 6B, by way of



[0042] Figures 3A-3B are schematics illustrating ion nmass anal ysers
according to an enbodi nent of the invention. [ 0043] Figures
4A-4C il lustrate shoes according to enbodi nents of the 25invention.

[0044] Figure 5 is a close-up view showi ng one shoe adhered on its arcuate
edge to a rod and on its flat surface to an isolatign ring, according to an
enbodi nexamete. iljstratrsesgheppatically thermal expﬁogqg]prq:p@yeggngﬁe idesign shawsx in he
quadrupg!%qu 9s anal yser fromthe side facing 30 the shoes, according to an
enbodi nent” of the invention, whereas Figure 6B, by way of exanple,

i [l ustrates p0#S aFiguat [7yillasteatenh fixkyrarssicordipg @an]tceinamd)'mehhef ﬂwg&'hg@wmm
in Figure 6 .[0046] Figure 7 illustrates a fixture according to an
errbodigmant S}OWJ Fl&?‘é‘ﬁéi%ﬁ.ﬂ 'ﬁ%@?”ﬂf@ﬁ@c@r?§c%@"’fg 3 ?alqc@ﬁﬂﬁf‘fg%f thgacer
accof di pgehfon enbodi nent of the 5invention. [0048] Figure 9 is a
top view of a fixture according to an enbodi nent of the invention.

[ 0049] Fi gur 0048]i Eigars Pde avtbpwiew bliatfixturemgcetding td aalentmotiment ofithe
according te an enbodi ment of the invention. 10 DETAI LED DESCRI PTI ON [ 0050]
VWi | e t'ﬁ]gepﬁ%ntion has been shown and described with reference to a nunber

of embodi nenfopgopeFiefe 10tis Widide biew iBGSERtIELSebichh@thetiibhs @dchiindi® &h t
t hat various changes in formand detail may be made herein w thout
depar t i pGbPeEAeNtE thginventieB. and scope of the invention as defined by the
appﬁ)nded clainms. [0051] Enbodi nents of the invention provide nultipole rod
assenblies such as ion nass anal ysers that are easier and cost effective to

fabricate, yet maintain high al Dgmaeab DESCREMORt ry preci sion. The

enbodi ment i rated and described is for a quadrupole, but it should be
appr eci at ed ﬂoﬁgﬁi | Pl t8guRAYefioRdAs kean ehewn andilassHbes yitbtieégrence to a

number of embodiments thereof, it will be recognized by those skilled in the art that
various changes in form and detail may be made herein without departing from the spirit
15 and scope of the invention as defined by the appended claims.

[0051] Embodiments of the invention provide multipole rod assemblies such as
ion mass analysers that are easier and cost effective to fabricate, yet maintain high
alignment and symmetry precision. The embodiment illustrated and described is for a
quadrupole, but it should be appreciated that it is equally applicable for fabricating other

20 multipole analysers, such as hexapole, octopole, etc. The mass analyser constructed
according to embodiments of the invention may be used in any mass spectrometer type
where the ions are separated according to their mass/charge ratio.

[0052] The details of an embodiment of the invention will now be described with
reference to the drawings. In Figures 3A-3B, four rods 322 are positioned in precise

25 alignment and symmetry about the ion transfer axis for forming the quadrupole. The
rods are conductive and can be made from, for instance, stainless steel. Rods 322 are
adhered to isolation rings 324 via shoes 326. That is, the rods are not adhered directly
to the isolation rings, rather the shoes are adhered to the isolation rings on one surface
thereof, and to the rods on an edge thereof, as will be explained more fully below. In

30 this embodiment, the isolation rings 324 may be made of, for example, ceramic such as

alumina, while the shoes may be made of, for example, stainless steel.
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20mul ti pol e anal ysers, such as hexapol e, octopole, etc. The nass anal yser
constructed according to enbodi nents of the invention may be used in any
mass spectroneter type where the ions are separated according to their
mass/ charge ratio. [0052] The details of an enbodi ment of the invention

wi Il now be described with reference to_the draw ngs. In Figures 3A-3B,
four rods 3200R3d Hsshomeniadhe expreds ekFigeres 3/gmr%§,tthé@mlss>ia%mtrrr;93amt t he

can be ByErqEeablh theldhf o I, JUAHLEEe, e Niinb8ror/8hRyHE MG iy Fo°
i sol at i oary; fordsstadde v, shoesix3ee. Hbwéversin thivcexardpleane usetofaliieerisdlation

directly to the isolation rings, rather the shoes are adhered to the

i sol at i éﬂ% wagdowrd & ke walksutedifappiyiding gahapcachdimeyisons stabilty gadt her eof |
as wll ai I I hi.s € ' ; : 1 i on
ngs SEPUSEIRSS AeE e ol thibe eoRlon (hod ark s ARE S the L findt, .
shoes nafe tatherdtim, this pfovidexanmpen dasigmthet snasdiraides gas conductdr@@s 3 fukther
shown indthrﬁ exaE@!.e of Fi @%rfs 3A - 3B _tgree lsolation ri ng)s 3%4 are

pr ovi dedIATEAYS PhENIT GRGE I° Bt f4ns Gty CHEINIESCHNGURR 7BBIOSFMPEYPALP 84 i ngs
may varhe s (bYLARE Br wiatéh jef é\h{fing,sf'o?(exﬁhgle).'"o"‘everg in this exanple the
use of three isolation rings was found to be’'well suited for providing
enhanced di ni98dbnaincettheirdds greanet Bihstsed ditestly torthedsolstior eings) thet hr ee

[ ti I g I t.ne i.sol ati i re rather .thin,
i or 5o RP Bttt ider BRAeRUIY eabat R 324t ih DRl SorR IR favce
advant agelueéd cbsharid 8gSe bffabiizhtib®s EacRof the ReldtionTingacdubpdieshe :6ddBy
enployed to formthe rings (by Laser or water jet cutting, for_ exanple).

[0054] Raviegaiieralityoef shossritab attackheddoqnesside ¢f the salatiosdingsi & ¢owge, t he
10 7 . . . ' . . j | q
sonevnar ¢ etz SHBES ohHoth Aulest thofsdidfor < BY Subh BUifele (% oL
ri ngs sarpmugdrsentaf thedhoby therrialgtraspburthe idofatidn dipdae 3@ Gapfingiched to one

side of, the isolation rings.. K OF course, one utilize shoes on both sides
of ®he tPElﬂeé?ﬁUS%CPﬁ‘ﬁ%BQ?S’ %mdlﬁege,%qssre%s ?ﬁ%sma@%&an@wwﬁ@m of
t her mal gtfdch@fsht hdm$hdeCh i Is%([?tnfohr}ﬁwsgégfreirﬁaérébraﬁférérﬁtrﬁﬁié?ibﬁé, 'éﬁﬁ be

conditions, causing different degree ermal expansion at the point of
at t achrreducedhehlowieyes inthisiexahytié the piavigsompéshesieonbnlyi diesidetwamat eri al s,

oo D RGBSRyl oA TP DR GE 2 s AGRIEHCD L0
has a pliighadnt $lo% o hb&ReBH2 1S Whlich, WhiltHidt MReesgdny, ¥edistin alghhRrfef the
necessary, assist in alignnment of the
20 isOlation rings during assembly, as will be described more fully below.
[0055] In the particular example of Figures 3A to 3B, the number of shoes 326
attached to each isolation ring 324 equals the number of rods 322. That is, each shoe
326 attaches on one of its edges to one rod 322 and on one of its sides to one isolation
ring 324. Also, as shown in Figures 3A-3B, the shoes are attached to the rods in a non-
25  critical area — external to the central critical field area of the multipole thus ensuring
internal field uniformity along the axis.
[0056] Figures 4A-4C illustrate different shoes according to embodiments of the
invention. As shown, the shoes have an arcuate edge (428 in Figure 4A), which is
formed as an arc shape having a radius similar to the radius of the rods. The flat

30 surface, 423, is shaped for adhering to the isolation ring and has an alignment slot or
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20i sol ation rings during assenbly, as will be described nore fully bel ow
[0055] In the particular exanple of Figures 3A to 3B, the nunber of shoes
326 attached to each isolation ring 324 equals the nunber of rods 322. That
I's, each shoe 326 attaches on one of its edges to one rod 322 and on one of
its sides to one isolation ring.324. Al so, as shown in Figures 3A-3B, the
shoes aF‘@t‘;bt‘{% ethis gxamele @é@%'mﬂ Bendlignmentsiet; 324 ofathsascﬂam BP@alA slet t he

tral id hedlnriii r | 45 t ' ' nal field
Gt o i 25 58 profied of (R i Bl da s UBF BB RS ERELIE. T (oes
accordi ng t o[GEF}dimeiguse 4B thdaarctuateretjgemzfmsﬂémmtream (Mﬁaebmr{/&h_an
t d 428 in Figure 4A), which is formed as gn arc shape having a
it us. BRNG. PEerAmPlelgrrd st Or fabas Soribed Bp 26 193 AdoBOR $Ach o1
hapged hB8iohO0 lra AdcatH ' j : or
ot oh 45 roRed BEhBBohS I U e o n g Begfl I AIRRA dRESlor ! o1 on
ring. Asefrations2y riks, athich maywirdeay oot bééreataslias i keidgee 4BS, Theoridges or t ake up

excess ive. . . 0057] In Figure 4B the arcuate edge 429 has been
treat ed?%’?ﬁg%ngacgrer&ps@s? p[?a{ecﬁdhﬁjo,%'for exanpl e, sand bl asted or |aser
scribed so af058] f i etemdrtmsnt dfFGgureB thd AR i YeiherdRas it of Pyt e 4C

the arcuate edge has been formed with ridges or serrations or ribs, which
may or WS faminga laraastradt aka ciiclgitg iherebp covera farggesirgimissence pbihe rod ri bs

al s i ’WHQH%I Eﬁ@jotgﬁats'[aobfmt}éidthe[ leiés] In the enbodi nent of Figure 4B the

arc 1s longer gure thus formng a larger part of a
circle to t 808By Eiguey 5ds hai@erup vicausieviagaomeoshdde26 adhdfuhdre s atcate

i mproves, stabili f the bopd. 059] Figure 5 is a close-up view show ng
one. shaRide® L2 28R n 5 HRtSHiREedag RORHOR GHOERA. ahEP sho? 30S

surfaceydrerad té &R Rid 93P ih Rdds %%ﬁmg]—é‘,%ﬁysn @%gxg?oraém@'rﬁg é?in§&§ 4184 1822,
In this exanple, using an epoxy for adhering stainless steel to starnless
st eel , sthinlesstdteelf while she flatcsurtdcet dfdhe Ishoe 526 is adhehaxt tdthednsiiatingisingat i ng

;;\r}gu%%u%ﬁ@% i%gme/?g?( XdIflé)rfngagtg‘lanrlésnsgstgéPtioncl:eerg%idc’.t Fne#avEJSra ?er gmb%dirkgnts
the adhesive is a two component adhesive having a long working time, that is, settles
rather slowly. It preferably features a low volatility in order to keep a potentially
disturbing gas load due to degassing in an evacuated environment of the multipole
assembly in a mass spectrometer low. It should also have a low viscosity to prevent

20 sliding motions of the rods relative to one another during alignment and/or curing. In

further embodiments it also has a high glass transition temperature and low curing
temperature in order to keep the thermal load on the materials of the rod assembly low
during curing. According to one special embodiment, the area of the rod that is to be
adhered to the shoe is treated by, for example, sand blasting or laser scribing to provide

25 aroughened surface for improved adhesion. Figure 5 also illustrates the matching of

alignment slot 521 of the isolation ring 524 with the alignment slot 533 of the shoe 526.
[0060] Figure 6A illustrates the quadrupole mass analyser from the side facing

the shoes. As seen, four rods 622 are precisely aligned such that each is positioned

tangentially to an imaginary circle of radius R (dotted line) from the axis of the ion

30 transport path. The quadrupole shown can be rotated in any angular amount about the

axis of the ion transport path and precisely maintain its symmetry. As can be seen in
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t he adhesive is a two conponent adhesive having a | ong working tinme, that
is, settles rather slowly. It preferably features a low volatility in order
to keep a potentially disturbing gas |oad due to degassing in an evacuated
environment of the nmultipole assenbly in a mass spectronmeter low. It should
al so have a |low viscosity to prevent 20sliding notions of the rods relative
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coupled to Eomer sources In palrs, gener at ed
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di nensi onal 15 changes of e anal yser, the passed nass will drift as the

as $8rbllgw wgnREivily tarlereRarpYradavdesimaiier Mot reaterplsetaveomaansianbeaeffigients

Such meiwech 207d 16 plRIdRteRe £ Sk Aottt EORAHRGES o b1 iRaaRP "
t enper &Rolhas sdrasitiéty oof theesapn@brdtegrisedrding itd @ febfure of thedinvantiomsrevigent

occur and t hat eqw libriumtimes can be very long, on the order of hours, a
201 ow SBASING;AfithS reds isarhigvad iegardiesesf thepmal expafisiomt eri al s have

expansi on cg§hé21CiR~biiing to embodiments of the invention, the radial thermal expansion
256  of the ceramic ring is, at least in part, cancelled by the expansion of the quadrupole rod
diameter. This results in smaller changes in Rg with temperature and improved mass
stability. With certain combinations of ring and rod materials along with a suitable
radius of attachment (the effective point where the shoe-rod pair is joined to the
ceramic) the temperature sensitivity can be zero. Cancellation would result using the

30 same ring and rod dimensions if the rods were made from, for instance, a
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bet ween 20 and 10 ppni degreeC so only small tenperature changes can be
tolerated if Ro has sensitivity on the sane order. According to a feature
of the invention, precise spacing of the rods is achieved regardl ess of
thermal expansion. [0062] According to enbodi nents of the invention, the
radi al thermal expansion 250f the ceramc rin at least in part,
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t her mal I“Eﬁﬁb@tﬁéuomgtﬁe(ﬁcﬁ diwg hass ah aedﬁi)demlgihs LafandHe respectiviety) arewpined by

f h ff d.5 |
T 1 oaf SRom bk ithys W islatBETRy isodty JEME bRRBE Mo éq%ﬁgﬁpbefr .
i 11 ust r@gs@fbanisi, %Hoea @he %tﬁ)%sas fﬁnemh B tenfsttatite kL 374 LB PATI-Lo(i 4y

respectively, are JOIne common |ink, thus the distance
I f the ’tmTe)nfmmé)qmanxpem\emnmﬂl'rblsamtempemm’e dhanges Siacafy-ARy= (Lhe Lgngt h
Ro as quCtLAﬁn of tenperature is La(l+aa *AT)-Lb(1l+ab *AT) if both bars

expt i dreceaPtle LoeA T driplows that Aiddh e L-Sprncbo'Re- Alb=meeas that@n Rogaraia* AT-
Leab*A—I:[ereer{ur eﬁ'%t“t@ﬁ@ée%a/ t%oza’z%a_aLeal . This means that an Ro zero

t enperature coefrrcient b/ aa. [ 0064] An exanpl e of

how t hi s fed0064] cameRemplepbErRentisid fégturd bas beailerhanteday iiRisated i t he
exanmpl e_of FLgure 6A the size and nmaterial of the isolation ring 624 and

shoes 628UEN@At hathe examale %ftﬁl%ﬂ%%tthq)élzmandaméteml etthedselationiring 24 The

| engt h i on
! e Shoc 625 afiy Bl MRARMrERbIT, 4% i0heb B 6RORE Treseidth.
poimt LAFi's thaesdlstanmfr@hetﬂe layentrb@xw ofotve lograrhiteiselagivh ring 624 (Usealiyalsef t he
rod 622 di ame]ter and t he hoe qﬁ)Otgpan t?‘ the same attach point AP. In this

exanpl dePteSEANLg therian Fang e'f ‘W@S)s eABCARPIRy é\F’ofast"H@trsaé@Fébwﬁ*ﬁ%arraw ler  at
|28?ZIt a%lgﬁl 31 o ﬂs%e%ﬂtﬁf éfrﬁrr]ab%gxégazn&s'?@%?%oe I cl ent %%R%gltésme; 30 i ng
and sh@é@,chtpw\t AP. In this example it is assumed that the shoe and rod are of the same
material or at least have a similar coefficient of thermal expansion. Using this
20 relationship and the thermal expansion coefficient of the isolation ring and shoes, the
size (for example radius) of the isolation ring and the location of the attachment point
can be calculated. Shoes and rods, however, do not necessarily have to be made of
materials having similar thermal expansion properties. In other embodiments rods and
shoes could be made of materials with significantly different thermal expansion
25  coefficients. For the aforementioned considerations to apply, then, the term L,
(1+0,*AT) would have to be replaced by a term such as Ly composite{ 1+ 0tb, composite*AT)= Lp1
(1+0p1*AT) + Loz (1+0ap2*AT) where o and o,y would represent the different material
coefficients of rods and shoes, and Ly and Ly, the different (radial) lengths,
respectively.
30 [0065] To give an example of properly choosing materials, a method for

fabricating a multipole mass analyser having thermal expansion compensation may
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size (for exanple radius) of the isolation ring and the |ocation of the
attachnent point can be cal cul ated. Shoes and rods, however, do not
necessarily have to be made of materials having simlar thermal expansion
properties. In other enbodi nents rods and shoes could be made of materials
with significantly different thermal expansion 25coefficients. For the

af or enef@Mpries thersieps &f abtainisg therapyligxpansien coefiiciends anpisliarmeteiot ATYs woul d

have to . . r 1h C [ + Lt.a*AT) =
ot (1 Mol tp e b BT RAE" hla it PlutaRERS ofacRChERPRES ab8,
di f f er epivtairaneg thexmat egpansid® Bbsffiefentoobthandttahatemt pidudsl bbtaatidg labRAutliey
different (radi al 2) | engt hs, respectively, 30[0065] To give an exanpl e of
pr oper | 9f ré’?ﬁﬁ)%’i‘%@ teiniad thgranal gxpansigq cpsffic PtHis % Uﬁmgtthﬁcﬂ'%mﬁﬁ%fs
analyse | - ' f&@ﬁ@sﬁ ' W teps of
obt af%/nigr‘\%@t éﬁ%éw@'g%hélsﬁﬁ%@gﬂ&% (lan a%ﬁﬂaﬁ éa%ngr 0 tpgggEj?g}?ﬁ ng the
mul t i podlieectieapapahgiselar tobh dmtragsfar pkisr edlctilating tiedmead expahsiphext dise and

bt ai ni her ral. i on coefficients of the attachment ,
obt ai i APLFAiPsRyA 2Agdhe reebioAnthe Al RaNSBRENAT 00 ot ci ent s
of the éail&saﬁtirp]glﬁié?lﬁwaﬁ Bﬁp%@@ﬁbﬁfhéﬁ%,%%rﬁﬁhin@%{ bttadréntPointh tHeling

calculating thermal expansion of the rods in a“direction perpendicular to
an i on definesiky agring ondhedingahahegxhibiés thermek prpansion edomplementesy toriet

Gl B A EAOa Farelo xR P By AL O R R st BrbEERiaLthe po ne
on t he dttagnsiaitipiesbdrs the POdHEN@ Ko tHeattadiinémMadoigtshdrbinesriridzer nal - expansi on
conpl enment a;ﬁ/) to the 10_t hermal expansion of the rods plus that of the

attachment JOB66L Figuie ¢dmstratasnyfixtiee 00 achathing fn ak esnhasimgat pbie and to
th tt T ' : 0! . ' 7.
et or s, 289 i at bl e mutigole Yl <XeHIE aladddriBbietbth °

assenblhigloprédisiomavenpeien thenisdlatisn engsiane the ghads ape het mainufadiugil to high
preci si on even en the isgl at i rings and the shoe7s are ngt nanig)actured
K OWgE/

Lo i giPTE8SIANdEIRIABRES of 8% HHLES 70916 HAUEL BATBHASP 10gLa base 705
and 2 tauehed 19, 6 AREHeb R it LA ALYy IFidbIb s RS Roldrolrysal i 1Y
ol d 71 to the t 07 I'n the

of isolation ring ers are attache ower 7107
speci f iareattacphéed tothaHogare 10, Intke Ispedific exaaplactFriurelZbthe oldashéth ae t he

7 i a sl idi k 717 t. b iapl e nl f th
| oo at ioftabh ke te Bera 0 AR G LLEP Suhi SEBRe actBirtet and
20 assep®ligfatieandalongehe AR AMfyEHRR &8s\ ClehfSial bheHe $acerdandt he

assenbly is conpleted and the adhesive cures,” the holders can be | owered

an@0t ha@sspatied masarnalyseaonca dhe adbesivg cures. bbhat irwben the assamely7s
t hereb i €. as . V. this. | r d in other
enbodi SORTLEERARL R ERSIE ro RN iermi? Bt 2EEERE SRdoBer "7 0.
I n suchemovedf ag didated by hiee bakeavowpe ¢aqiral7, 23eredp rbleasivdeht assainigy.t he
guadrupol e assenbly to release it fromthe hol ders.
However, this is"not necessary and in other embodiments the holders 715 can be
permanently attached to the tower 710. In such a configuration the base or pedestal
25 can be made to raise the quadrupole assembly to release it from the holders.
[0067] Also, in Figure 7 three holders 715 are shown, as three isolation rings
are used. If a different number of isolation rings are used, then a corresponding number
of holders 715 should be used as well. That is, to assist in improved assembly,
according to this embodiment all of the isolation rings are adhered to the rods at the
30 same time. Therefore, the number of isolation ring holders should match the number of

isolation rings that are to be adhered to the rods at the same time.
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[0067] Also, in Figure 7 three holders 715 are shown, as three isolation
rings are used. |If a different nunber of isolation rings are used, then a
correspondi ng nunber of holders 715 should be used as well. That is, to
assist in inproved assenbly, according to this enmbodinent all of the

isolation rings are adhered to the rods at the 30 sanme tine. Therefore, the
nunber of i stf8lofrach ] thhaldess Ehdhaa arplutetity alespringbleaded plungess i7da. ri ngs

t hat ar S 0 ach of
t he hol ge%&@r?%&ﬁgggﬁ&%ﬁtrgr?% r%%?"’ﬁ%?@g‘% @gﬁgé} gﬁ'ﬁ’ﬁaer"!h%éé”%ﬁ? ’tﬁﬁber
of pl ungkmgerienalsie iesyrtion of f(ﬂistlhﬁ) thertheliredf00. Ofthen\briasedtaricéaendéd By

pl ungerg]ég 8'@2 i nsertion of rods into the fixture 700. Wen rel eased and

ext ende theygaring, the@lujger piges Kie redagrinst g spaceis8Gh shaymiinst t he
spacgr e B10ME LR oauEs Lﬁgln-?”b‘? 1P g?g#é%a&%fi?%ggbgps@é ehffrek0ds

agai nst t e spacer ensur es” preci si on hé T o
i sol at i predisiogysligi?ent ef theaddsl mwe hscﬂamdsrermgs; p24 tare sehtelddeitisin TS resﬁeo@n@d

b h | 744  which fit. t.slots 321
2ol a1 BREBRGL5 AlaadbVine Flabient pisor AL Bhbeudnsent sigie ad e the
al i gnneﬁblé?ﬁ)ntrh%srmﬁahéa@%’ﬁ’HéﬁpsIQbé 43®inSdHdRY7 Je? gﬁ"l@e Il]é'a Pehfsr Hedi N9

t he rods agai nst” spacer 8 10 the shoes can now her to the rods
and t herddsgs @Ssbﬁﬁ%drb)h@@ spoingdoatied atimgers 842 urging thé eodshagainst ga@ec 880pe

i Tt KB Sl i PR B ook o 0 RIRY Rlten: Bee Preiblifiront

of the ¢wds, thb%iﬁ%brs%O@&bﬁ%eW%ﬁio»@H FRPERrmasHahalys8odssenbllicanrge 8. The
spacer by way 15 of exanple is generally in the shape of a propeller,

havi ng @”PRM?@JFO'Bfthﬁ[ﬂéH}é@ Wh”%?hﬁab@aﬁm@éq)mﬂﬁh@&aﬁ iselationyetgsonaintaiss

Since i ﬁ]??’[m Jsustrated herein a quadrupole is fabricated, the
spacer @83’@1{] Igure 8 a's four arnms 850. Each of the arns 850 has a

nesting areg[0869] whn embuaymbat st spacien 80 it ehowaam Fejure®sThé Bpacarchy way

coo erath on with the n stl ahr%epeB@I t he ne| hbouring arm |In the exanple
QRSB 1§ SENGrBLY Mt 2 Pmﬂedn@ 24inG AVAIRS o6 klasleSRrasme 554,

The di r nti al

ar eas, r[gisrﬁfslpl%ﬁg![nfrgat?ggégiy Eetotg?% en |ne g'ﬁﬁﬁ&ﬁg‘pﬁs 'ﬁgé(}}%[%%eﬁﬁg%by

pr eventquagirlsmlatl%famg:atﬁd ﬁlhﬁespmbrtﬁDQ tfeFigura 8 Tias faurearnod 860nEach di¢heveen

d f d to t bet dj t rods, t her eb
Ut ace HERIT BS AuiRsie Fen BSRVATE Pt ShHFier FubtpoReLassiihe o m "
25el ectdoopRestRin With il ASstiff Area dradé %lg\hﬂoﬂ%@%rﬁp IhhRe @RBEIfe Bf Figife 8,

mul tipole. The precise nmachining of th inpl és assists in preciseé

al i2§nndhe n&ﬁtjﬂ%é@&rﬁw lrmiudeﬁeamﬁsienaatmm@edlmmlen 8bfe Téwadmip@83$54:frgm e 8,

each di ener al sane d| anet er

Cac e S P R B P P B SH e Bled B

si nce tihe dspairef ofdete3 2D, fiesrebP @réveantinganeatchiny ¢ffthé hed @?f‘iﬁédéhﬂd Wére%o

anal yser, and since it may be used repeatedly to assenble many nass

anal ys&f goniagt between arm and rod is confined to the space between adjacent rods, and
thereby any surface modification due to contact forces will hardly affect the

25  electromagnetic fields acting radially inward to the centre of the multipole. The precise

machining of the dimples assists in precise alignment and assembly of the mass
analyser. In the example of Figure 8, each dimple includes a small arcuate cut 855
generally of the same diameter as the rod, such that the rod contacts only the arcuate
cut 855. Also, since the spacer determines the final accuracy of the assembled mass

30 analyser, and since it may be used repeatedly to assemble many mass analysers, in
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this exanple the spacer 800 is made of a high strength material, such as
tungsten carbide. O course, any other high strength materials may be used.
[ 0070] To enabl e easy renpval of the spacers after curing of the adhesive,
each of the arnms of the spacer may have an "S" shape profile, as shown in
t he cal | out A—A in 5Figure 8. Notably, the S-shape is reversed along a

rot at i offif exaMple the spasepBLPiiemasie ¢f|a1@'9hﬁtre,‘$§”bmt@féa|um as yogstem this
exanpl e ffife. r@tf%b%@abn%ﬂ%ﬁﬁiﬁ@ﬁeﬁ@h%gférfagem(é?%terﬁﬁeg the spacer, and
al on e spacer IS synme

designates a |line it could be

folded. In t[ﬂOs?Qjaﬂ'blemalbw emrmh@laltolﬁmé specers aftdr berimpbf $é adHdsie, ech
if the spacer is to be r ot at ed

f ol di try. Stat th
180 aboft MRS R/aﬁp'ag { Ay AV esiane REHE. eéﬁhpyﬂrlaﬂh%ﬁawtﬁq&w in
Fi gug e Bigure 8. N&tggg/llhe@ e% ‘f'é’vé?g Lidhg rétﬁﬁoﬁzﬂ%x@%s%nﬁhﬂ%ﬁ?y

S-shape I's on the top whi | ntheot er si e cut-out
S- shapeling Rén Aheab@tetmderﬂasj inethisvetanoplet the mmiccmral amsazzisseydnfobghsherpl y

rotating the cer_ alon he rotational, axi S the urve arrow
o gt oPfRCHacRR Y doiobeb A RityoRs et et e Y sV HIt e 18
renmoval goll mféefold‘éél SRakepdrical exAAPE thdines bbWlH h chl’IIeH'dW?é bifofdihg act i ng
the spacer as is done in the prior art. Al so, since the spacer Is not

r emvedsﬁ?”ﬁr}’dlfﬁgtmgﬂ angheromay, Ofnthessprﬁ’é@d@doehﬁjrqwedhwbwbﬂw adsiRM s

nee f red in the prior art.

[ 00 ] %If %&Eim géW%ecﬁbﬁgHéaq@gis @i\&eﬁﬁg%’?y settled in the
effective 20[0@951 | @g cma@ee letine &N tHaocuit) ABGSBtof ANES-Siadbedis drhesidPGaAHileB00
(in other vvor?]s space between two adj acent arns_850) where the

spacer @08§ ather ?@ﬁetﬂel%lt'&ubﬁﬁ%é’f Ha pestdireds é’f‘ the batteminkasy remewdf dhe of
the rodgackh® 9 Olé\yed B¢ sﬁﬁ@&gb}{atlﬁgrfﬁé‘%g?cé‘reﬁ% @F&Qﬁor@%%xﬁt atsr%i’wowmﬁ 850

of the spacer 8 tangenti pol nt or snmall "areas havi n
finite tbemmmd)abrowhn Higures. gﬁaneequermlgi na sofattking & theefddscodoues during the

deh when th 800 i endi cul. the rod W
ot 1yeieyeh ik etsnaner ot mSelS BBUe 6 iierkieraptbgd tnfspaserao

are al ijgRAeSHEMe bAat art. hﬁls’iﬁ%ﬁ*\d@ﬂh@%tp‘é%éf‘lstﬂ& réﬁio%é\%/ §Ii‘aﬁ‘§;| R IUBRRARMS to

this largest effective armw dth to high precision S preclse
posi t i ddinegdad@ngdingihesmal eonifaciionds ineaded fér thedempvahef thetspsicee asomas ng,

upon r cer 800 around the rotational axis RA, the
30di mﬁégb%@@m{h &Eoér#?‘gtl ons shown rotate into a position directly facing
the fixed rqde72ndurihtpthetalighhdntiné Bedk 3B ardReaPBatIed i thd Bge&R@t our of

the largest effective arm w dth (see call-out), thereby creating a gap
betdfeeMaskBg $836¢ hgtueemivaadiacaptaies 868 @f étmwa%ﬂﬂcﬁ ¢n etheswards, tb@nt our.

T L R ey
ext end penpmd)bmaetqoamnegoﬂéxtem@bn Sp de ngis. bﬂie/\eet@rtrdswcbm@ar abdtacan be
5\{ te hmrﬁ%s%g@re s §5£ at thlenaqr 88&5I of lthaé sepgéac!elr%ovdn jLQthutttw%nt%n;grrlttlaq%romltg t(c(?rr action
small areas having finite dimension) which designate a region of largest effective arm
25  width when the spacer 800 is aligned perpendicular to the rod axis. When tightly urged
against the nesting areas 852 of the arms 850, the rods 322 are aligned such that the
spacing between two adjacent rods corresponds to this largest effective arm width to
high precision. When this precise positioning and alignment configuration is fixed by the
adhesive bonding, upon rotation of the spacer 800 around the rotational axis RA, the
30 dimples 854 or indentations shown rotate into a position directly facing the fixed rods

and, due to their setback design compared to the contour of the largest effective arm
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[0073] According to one enbodi ment of the invention, each holder 715 has a
pocket for one spacer 800. Once the adhesive cures, each holder 715 is

| owered on track 717, so that the spacer 800 can be rotated and renoved.
Alternatively, the assenbly could be raised a bit so as to rel ease spacers
800 from.their pocket, and then 10 the spacer is rotated and renoved from
t he assé%‘ﬁ)t;%%.see call-out) theraby eiepting 2093 batwash Besastingareasab3newdotated ur e

accor di ' he. i ion. ' ' to
i gure Jhayhai i Rat B oo Y B iR S ila Sokbef BOPRE 1 aci
917, upozieased fromheoritatideitts ther fiedagels 3205 sartieatsdftedian@itatidn ot ssbutidoldies s 915
are fitted 'bh r(} ng | paded plungers 942 and 15al i gnnent pins 944, which
are desﬁaﬂﬁgls c?"?ﬁg)’? ' Pane, Ht9 ‘%‘6‘?%?%‘?'”9% eMEANINE IR PRYSARRE shoes.
In the ' - ' i j i i xed
to the oajousbRSmBR TR ol SR wIhIR &) GRRERIEALhol MIPhE Bt s nnent
rods may be [A8713}mAnceding @0 embotineemtzofithe invention aegdteholieE7 ghihas® each

of the 9 has_t f 20rings 915a and 915 e ated by a slit)
ot 1 oRRe ot a3 SRoedrtieh e HesAdestie BuiBS et RakBE7 35 Bt tub
machi nettask 2pe, Uit thidePacdison ddiebé estatirand RrAblan Aitdshalediy! i s. Each
of the half rings 915a and 915 be is held in place by renmovabl & pins 915d,
two eacfs§amblicouidbeprised arhiksaps & (rinese spacars B890ifrom dheiv apckst, and thrinded
ass | 3 Eﬂge I ' guadr upol e assenbly, the
25pfdr112 %]J%g aréEgreré)frtr%t\éég{n%m%e}g%\feﬁnw%ﬁrthggfg%&gﬁ’?ermval of the half rings

915a and 915[9074hi Bigued Oas adop kfeviatiohaieveof tHepauR2dccorlingeoBkd then can be

| owered sp that ':02 spacer. can be rotated and renoved. Then the entire
assenbl Wgaﬂmﬁféﬂ ﬁ%@weﬂp% &%@m@ﬂw withdegpect g ddguee, Ao dyture mndudesul d
have spji e i | ] | t hat
Woul d o Pasd 9P3cE 150et o MBS Sl ik 7L IR oI fiabbl Bl 'Y
about iare dlidinghafiited.t blotdesa 16 eee dittppd avith sprégsloaded plungdr®@4@]aridn Fi gure 9
the fixture is ill rated with the four. .rods 922 in place, fitted about

{ hetss patlbiFust P 45 0RER 2t oesiaBeuu T s mianmaant Tt o thkdselaton Bops
shoes 93y siodte Ipdhepaftidulart e IEF FGUERE theBligMREhASIE D44 é}a;aﬁiﬁeag{t(ﬂure

9, pl unger 942a is illustrated in the Tetracted position, that is, n
ur gi ng thaendsf thgRiungers Huutotherarraenaenis of fitting thetalignment heds prayee s") |
while p | ént%?b is illustrated in the extended position, urging the rod

agai nst the spacer 960. Notably, in this particular exanple, the alignnent

pi ns 944 ar 0pT5)ildeRe partiditaren@atsle ®f Eiglirefo, taen B Hstage8425 Meivd haf

pl ungers are rel eased, the s%(rgi ng action urges the alignment pin into the

al iP§nmeMgsitio@ans 1ok (sanaraleddy a shid pesifionediangopras ﬂé%bé@%@éﬁns'lth I@lf

respectingg d@d %9155 have two machined steps 915¢, upon which the ceramic isolation
ring 924 rests. Each of the half rings 915a and 915 be is held in place by removable
pins 915d, two each in this example. This arrangement assists in removal of the
bonded assembly from the fixture. To remove the bonded quadrupole assembly, the

25  pins 915d are removed, which in turn allows removal of the half rings 915a and 915b.

This releases the isolation rings 924. Stage 915 then can be lowered so that the spacer
can be rotated and removed. Then the entire assembly can be removed from the
fixture. Other possible embodiments could have split stages that open up like horizontal
clamps or ceramic rings that would allow clearance of the stages by rotating the

30 quadrupole assembly about its long axis to clear the support steps.
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10 the shoes 926 are urged against the rods, they urge the rods 922 agai nst
the spacer 960, thereby ensuring proper alignnment of the rods. [ 0077]
As can be appreciated fromthe above description, enbodi nents of the

i nvention enable a rather easy manufacturing, since the isolation rings and
the shoes can be manufactured with | oosened tol erance |evels. The spacer is
the only par {0@76dt InBigeer Prtbe fiktwie is Bustratet! withethiesfoonrodsu®22 in plape Hétadeused

nesenpl Aaaut 6 sPABhr 090G B R Pt B B A BhG B0« Y v leshomma yser

and t he9p@sslbtidiher®s to teabys ehdthe téh irdReNingtindct MrEighifad, praxgel 94%a Bas
conductance. [0078] Figure 10 is a side view illustrating electrical

Eonnegt I”Hﬁgat&[@dﬂrﬂéﬁ Riraced rositioBnthadismapt ukding e jos\againgrthe pasen®d® are
_ =) S . b \ 024"
oon < éé?sé m|§f8§gxéﬁ@ngﬁ?¥s@:,§ Hﬁ@% eﬁg)@@grgfgifo fshﬁua%trcag%éﬁd fie é&t@ﬁ@e& as

int revi ous e on 't oes aré attached to
t he i sopasitiom urgimgstherod aighirfsaties spaardso, KdabBhin thisiparticglar mxairpi@rthedue

to thernal stress. e electrical signal from sources 1030 and 1035 is

appl i edgfgd"ﬁ‘?%‘ilﬂ? 95%@(%@@%%? Oméﬁq_%ﬂﬁaglﬂgﬁd&féhﬁmmg@ds $¢2arther thei nt s
1019, d ; i ° ; (FT=J T

ALt achnodnBEIS M eAbIARRA Rk aconighs Hle SRfAEREHA IR RE aldifent ¢ (e
PCB doeBotgbt933pfthe sbpessherehyhegingothatshoesragagst then redpiestieerbatiPAR2NAS t he

PCB,is attache o_a vacyum mani fold (not sho , I slidi cont act

i h © o Bires ader a BB FBRTET s B R PR rodfebp agatst fifs Sacet

ef f ect | 960 thé@yarRuiring rep@diligheteht 35 #TRIds. f rom t her mal expansi on effects

of the PCB, 30and the manifold. Iz%gfo pins 1013 are electrically connected
rers

to the circul0078baie cap beannreeiat dpe@bove dgisgriplion, Eimebodiments abﬂheb
ol ver DO HErCrodtl? SRRy HANARL DT e RS PR e ol MR,

Wi ring darsbelendrivactpest withtdaenedndletdrsoe ldivelse rsspideh id the oiggatichat ovi de
conducti ve, at E@%Grrents bet ween rods and shoes for supplying operati ng

vol Pagd€auires PadevelRf Rreeisionakubik can ke evaed mamniimes gt fiahdhe Readkicioal | y.
5[ 0079] o # o nerhfl i t he
hvent 1o Fanayar eV ey oS EinBRog,C The TRERE dnus iigh SRRa Y

enbodi rssemblyp ohthte rmass bhalysenard impresudimgninassadalyset basan dgemestafcttifeese

i npr ovsjrger?ts and featur ea %re sunmari zed as follows. According to

enbodi At TBMERR IPRCEAEYYANCE sinple rod geometry is inplenmented. This

| eads to fewpo78pFhiNe"D Mé@tei\ﬁé\ﬁ;illu@tﬁahng%lé&ﬁ@é\%o%%eﬁ&% égcforggugghid?ﬂ or

el ectrical connections. The symetric design of the cylindric
m ROni Ambedigest of the iadentiorevBads 1082 are boatledits the ghoemi 026 hehishare, no

of f axi les. are regud red.. e cyl.indrical,.rods sho in the
exanpt SOHE8 S Befic drdso bR & in pE praiode SrERAB RS tEE be
const r yiest stessisraretdtiaehbdtto ied Refationathdstor Bétherages eertbf Wiséredliréducikgr t ai n
aspects of the invention are also applicable with rods 15having a

non- sy eaimensdueto drimalstresen Ths eleditierdrsignal drosuserrcest@3® and i 03p ish
hol | OWapplied to circuit boards (PCB) 1011 that, as exemplified by anchor points 1019, may be
25 attached to a solid part of the spectrometer. The attachment of the PCB should be in
such a way that thermal expansion of the PCB does not apply forces on the isolation
rings. In this embodiment, the PCB is attached to a vacuum manifold (not shown), while
sliding contact with reference surfaces on the manifold supports the rings. This
effectively isolates the quadrupole assembly from thermal expansion effects of the PCB,
30 and the manifold. Pogo pins 1013 are electrically connected to the circuit board to

receive the respective signal. The retractable contact 1014 of the pogo pins contact the
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rods being constituted by four sheath el ectrode segnents. Al so, in sone
enbodi nents an integral guide rod AC coupling is provided through ceramc
spacer nmounted with on axis screw on ends. In enbodi nents of the invention
all of the electrical connections are nmade through spring contacts. Since
i n such enbodi nents no wire connections are 20nade to the nultipole or its
gui de r eegespandirg (9d gnd ther@by deliarsitee signatia thegedand his aangenenin

acci den [ i ments
oF 1 he IR RhDfzed for winoligER bng Sefe b AeRt a B RS s TBE T o
Such ri nged taprdvdd aér&mcﬁWeJathchhﬁenfsr BEMWREN0YEE aPRsshdelifor Sligsigingt ock.

Al so, according to enbodi nents of the invention the 25isolation rings are

not attaewaanauméegw tnsteath the gads ean basepplighya the wogedinsindiddyallys v. a
|nt medi at e %'689 delp) ﬁtfbnct%rbtgg tg%c%eﬁﬂc@ﬁga Eﬁ?o?ﬁ‘[?efdnnognt?

ave crogs r b o ad SUrface area an ance ng S acé W
m' n| mal howaverc the rmvteh&om ods beanldrnedhengMQ)am_amynﬁwlnmadts tosaohievd the EDI\/I

(el ectric di.scharge ry g] ereb bt aining controll refd surface
FoughneSSmarrPBoied P D End TeRtren o SemendBoss IHERYS IS AT TBRRS A t hi n
Fi | m adggamepizeand Blows. hﬂ%@@bﬁuﬁ’q f @h%bﬂﬂnéﬁ‘t@ro‘f‘ﬂe AYBARSH, A siRIk rbfut i on to

the rod spacing and provid ow thermal stress bond 'process. The shoes
are bon@l%@ﬂetﬁyﬂs’nmnﬂsme@ted)nﬂmsd@dsﬂo flehermmhlmngfoaaeeattwsmmlmta@pbdr ge

- : far.reliabili According tq.
e naties fompfandt, Eaierbicer so fiiniohy: MheuranPlE At §f el ubiecae
nMass analdgsainimizBs istoalhesh Eg@YehslotatithaPmishIRAHEt O Theksfor@ kRSoff axis
5aut onati on feasible. Since_the spacers provide the required accuracy, the

rods arl@Ppad homsyans rgRUlSedC .Tévecqylnp@mct% rcpca‘s shewn imfhehexpmales havelgenerally a
assenbl r¥)u n-d”?:‘?rc%\l‘? %?ééso%]c?leﬂc &his & ot rtﬁ lf)t%egctqrﬁsgu%g gégll? th?@ L&A, (B\Dgﬁi st

over asse hoes™ attac non-critic ar ea,

t her ebwhe\easélo‘iglluhtmmont iGertait atpectelof thia Invehtibn arelalssl aaphca!hle witixtadse may
i ncl ude npvabl e isolation ring holders, to ease renoval of the 10 conpl et ed

ass¥nblAVINg 3 nonf%@@ﬁtrrq OWlREPRIOKE SUFH 8B S WRPrPplic Oepeaaious arith hollow
techni Ggs HafRe ﬁﬂ;taerb@'fauaé Rlele cRRIENIHoRR! HISE th QoY opBLUIfEN "

appar at us an e I nmpl'emented by any suitable conbination of conponents.
Fur t hergn 'méegrehgu:dyped A} cgaplmgab mwnpedmrneghmesanwspmeuamimted adthasrdance
with t ha%dst gc?r%\rflv' OP8ndsS T I b%%dpn?éﬁtlsnof the |nve¥1t|on aﬂ d? the electrlcal connections
are made through spring contacts. Since in such embodiments no wire connections are
20 made to the multipole or its guide rods, it results in reproducible capacitance and
freedom from accidental shorting.
[0080] As explained above, using embodiments of the invention one may use
non-precision ceramic isolation support rings. Such rings may be laser or jet cut from a
lower cost thin plate stock. Also, according to embodiments of the invention the
25 isolation rings are not attached directly to the rods, but are rather coupled to the rods via
intermediate bonding shoes, which can be made of metal. The bonding shoes may
have cross ribs to add surface area and enhance bonding surface with minimal contact
to the rods. The bonding shoes may be made using wire EDM (electric discharge
machining), thereby obtaining controlled surface roughness and bond layer. The shoes
30 are attached to the rod using thin fiim adhesive bonding, thereby minimizing thermal

expansion contribution to the rod spacing and providing a low thermal stress bond

20



15 advantageous to construct specialized apparatus to performthe method
steps described herein. [0083] The present invention has been described in
relation to particul ar exanples, which are intended in all respects to be
illustrative rather than restrictive. Those skilled in the art w Il
appreciate that_nany different conbinations of hardware, 20 software, and

fir rrwar @r%qqs bEessfieesnre thﬂdeﬁlrtaéh‘? (SaRfiamengst er sidgaainfeceio previdever |
ot her pg%%rﬂ'fcl ,Qigga%fonhrhq?é@%% LG [l be apparent to those skilled in

t he art om consi deration o e sp eC|yf|cat|on and practice of the
i nvention di §a08Hedcoerdingto embommmmmﬂmb inventivmea bpeadingifixaire o usad to

I b I d d | th true scope and spirit of
Tho | nvERtTBRRDEPH s naNEkEed Dye eHebles) a5 S5 HBIhg csfonat wakee |
cl ai gred giomatidriMBivle. ASfHHeHhQ%' %c?&sﬁggﬂsd% thé?ﬁ&é Loe epr rgé’?

conductive rods; (b) a plurality o eac tacted on
one of pPhk féﬂ@@SGQlwoa naohsneitp@ﬁmshgd naks @mdyqer)asaemhhy aTFhEyor@rflsmaol ation

h |
Cubser SPEChre e Prutitys, BerBl.s2208nG Tod b OB GATH Stscmic. fe oS ¢ he
shoes angtach teettid md@@ﬂ@&nwbm:@u taaémﬁerb@ymuduﬁ@ti@wrﬂan rdf ﬂgéele%tn&éh‘ﬁeld

assenbly of claims 1 or 2, wherein the shoes are adhesively attached to the
conduct?&{ﬁé’ theyEixtyie mdgclgfie@p@;@blep isoiation ring holders, to ease removal of the

10  completed assembly.

[0082] It should be understood that processes and techniques described herein
are not inherently related to any particular apparatus and may be implemented by any
suitable combination of components. Further, various types of general purpose devices
may be used in accordance with the teachings described herein. It may also prove

15 advantageous to construct specialized apparatus to perform the method steps
described herein.

[0083] The present invention has been described in relation to particular
examples, which are intended in all respects to be illustrative rather than restrictive.
Those skilled in the art will appreciate that many different combinations of hardware,

20 software, and firmware will be suitable for practicing the present invention. Moreover,
other implementations of the invention will be apparent to those skilled in the art from
consideration of the specification and practice of the invention disclosed herein. It is
intended that the specification and examples be considered as exemplary only, with a
true scope and spirit of the invention being indicated by the following claims.

25 [0084] What is claimed is:

21



4. The assenbly of any one of clains 1 to 3, wherein the edges of the shoes
15conprise a slot for taking up excess adhesive. 5. The assenbly of any one
of clains 1 to 4, wherein each of the rods conprises a plurality of
roughened areas corresponding to | ocations where the shoes are attached to
the rod. 20 6. The assenbly of claim5, wherein the roughened areas
conprijse | aser scribed areas. 7. The &t88#bly of any one of claims 1 to 6,
wherein the shoes are essentially disk- 25shaped and conprise an arcuate
cut of a dianeter simlar to a dianeter of the rods. 8. The assenbly of

cl ai m|71. whePemnultipht: assumiblg, €arhphgifga textured surface. 9. The assenbly of
claim'8, wherein the textured surface conprises one of sand bl asted

surface, |as&® scpitledlityefreanductive raglsed surface, ribbed surface, and

5ri dged surf goe. I . i tg 9, ¢ in, the
shoes conpri gdé ané%l?%ﬂﬁeﬁﬁ% g)c%)? t%?&{lﬁﬁq%?aﬁ%'gésggﬁgfﬁg %%’ nao%ye %fn'g]%ﬁgeécﬁ té’l s
1 to 10, wherein sheriespbatlingmodj ags conprise an arcuate cut of a radius
ar 9 than ?‘c)r adlaup ur%fitytor}ei\sélgﬁlgﬁ rings, each isolation ring attached on at least one of

its sides to a subset of the plurality of shoes.

2. The assembly of claim 1, wherein the shoes are directly adhesively attached to
the isolation rings.
10
3. The assembly of claims 1 or 2, wherein the shoes are adhesively attached to the

conductive rods by means of epoxy resin.

4. The assembly of any one of claims 1 to 3, wherein the edges of the shoes

15 comprise a slot for taking up excess adhesive.

5. The assembly of any one of claims 1 to 4, wherein each of the rods comprises a
plurality of roughened areas corresponding to locations where the shoes are
attached to the rod.

20
6. The assembly of claim 5, wherein the roughened areas comprise laser scribed

areas.

7. The assembly of any one of claims 1 to 6, wherein the shoes are essentially disk-
25 shaped and comprise an arcuate cut of a diameter similar to a diameter of the

rods.
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12. The assenbly of any one of clains 1 to 11, wherein the isolation rings
conprise a plurality of alignnent notches. 15 13. The assenbly of any one
of claims 1 to 12, wherein the plurality of rods conprises n rods, the
plurality of isolation rings conprises misolation rings, and the plurality
of shogs co ises ntines m _n * m shoes. 20 14, The assenbly of claim 13,
wher ei A n=4 a8 WU‘@%??’H@“%W'V tae agsipte gut bas altaxtitedisidaces, wherein
shoes are attached to the isolation rings on both faces thereof at
essentially a same circunferential position. 16. The assenbly of any one of
cl ai ms91 to Ihe agsemdilynof tlainc Bndireteindhe takdumefsurtacarcdnaprisesasrsf ef samd s and
r t he shoes and

an inner radiys o, .and materials faor the cgonductive raods,

the isolati ohvarsit?f&u%?%e’é?ﬁ%é?r'sﬁgﬁuﬁﬁﬁ?’ steﬂ@t?&ﬁHFfaF%vcﬁ'tg%eq suracgeAnfal | y
invagiant W tilgedanggcén tenperature. 17. The assenbly of any one of clains
1 to 15, wherern the conductive rods define an ion transfer axis and an

i nner radius, Ro, and a radial distance of a point of attachnment between

0
h d i t] [ t i t f S i | ect ed h that,
T vi elor ¢ REp oL AR O BhERITed B MtEerfahg shdeS ERERSEG et i ve.
rods, shoes alighrmént métclon rings, the inner radius is essentially invariant

with change in tenperature. 18. A nethod for fabricating a multipole
assenbly, conprising: (a)inserting a plurality of conductive rods into a

L: ﬁd;lfﬂ -y18§ ﬂd’g %gséh'bﬂgo@éw &7 br Q349610 WePBAthe R&iSHor And¥eLdRsRsd e
an arcdate cut of a radius larger than a radius of the rods.

12. The assembly of any one of claims 1 to 11, wherein the isolation rings comprise
a plurality of alignment notches.
15
13. The assembly of any one of claims 1 to 12, wherein the plurality of rods
comprises n rods, the plurality of isolation rings comprises m isolation rings, and

the plurality of shoes comprises n times m, n * m, shoes.
20 14. The assembly of claim 13, wherein n=4 and m=3.

15. The assembly of any one of claims 1 to 14, wherein shoes are attached to the
isolation rings on both faces thereof at essentially a same circumferential
position.

25

16. The assembly of any one of claims 1 to 15, wherein the conductive rods define
an ion transfer axis and an inner radius, Ry, and materials for the conductive
rods, the shoes and the isolation rings are chosen such that the inner radius is
essentially invariant with change in temperature.

30
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(c) urging the rods against the spacers to obtain precise alignnment of the
rods; (d) adhesively attaching a plurality of shoes onto the rods, each
shoe having 15a plurality of edges of which one edge is adhesively attached
to a corresponding rod; (e) attaching a plurality of isolation rings onto

the shoes, each isolation ring having a plurality of sides of which at
| east bhe si dBeiassambhecakany eneokaleyss 1dp thawhsréindhe cpnductiiegess define

20(f)after the: j f r dhesi v, . e. r.ods. and
the pi ural i ¢5d HeRer Bl ekl g Pl FalpcRe ict PABCIISEEE AL ARATES: e
spacers and attheaaenibétivechastioet ol isbiatibh Xings €rond theliod traidherdared iscl ai m 18,
wherei n step conpri ses adhesively attaching the 25isolation ri n?ﬁe

e) . .
directly ont 6é'f3ﬁt§d§?+6é‘stha’2m Yiew aiheBnabexransiqrspropediesiaf maigrialscior
co ising r i | 4 44y; : i prjor to
top (a) i e e Blods HES i Blarigh Fgs hefck S 48R4 Sonding
of the shoesinvafantdith thengetrhiethperatung. one of clainms 18 to 20, further
conprising surface treating edges of the plurality of shoes prior to step
(d). 22. The nethod of claim 21, wherein surface treating conprises one of

sand bigasti ng rRéthedTYF fadritatinda Fhulipbleidfignidhe HMiRGsy: and cutting the
surface to generate
(a) inserting a plurality of conductive rods into a fixture;
10 (b) inserting at least one precision-made spacer in between the plurality of
rods;
(c) urging the rods against the spacers to obtain precise alignment of the
rods;
(d)  adhesively attaching a plurality of shoes onto the rods, each shoe having
15 a plurality of edges of which one edge is adhesively attached to a
corresponding rod;
(e)  attaching a plurality of isolation rings onto the shoes, each isolation ring
having a plurality of sides of which at least one side is attached to a
subset of the plurality of shoes; and
20 () after the plurality of shoes are adhesively attached to the rods and the
plurality of isolation rings are attached to the shoes, removing the spacers

and releasing the rods from the fixture.

19.  The method of claim 18, wherein step (e) comprises adhesively attaching the

25 isolation rings directly onto the shoes.

20.  The method of claims 18 or 19, further comprising roughening a plurality of areas
on each of the rods prior to step (d), the plurality of areas corresponding to the
location of bonding of the shoes.

30
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serrated surface, ribbed surface, or ridged surface. 23. A spacer for
fabricating a nultipole assenbly having a plurality of rods, the spacer
conprising arnms extending froma cross-point with two arns extendi ng
10along a rotational axis, the spacer also conprising nesti ng ar eas bet ween

adj acent arns wWith effectl ve nesting space for receivin i—jf aI| rods
wher ei n2ihe Eh@&etbad of aRY onetaiclaimss!g to 4G durtar sorgrasiag su §C%H F'@

such that by, tational axis the effectlve
nesting spaceagésééfn@rgé}ased@p?g O?%émségg%%{ré%o claim 23, wherein the cross
section of the arms is essentially rectangular or square with dinples in

t he nes e The_s r. of claim?23, wherein each arm es.a
secti on awﬁéeg??t@%‘ﬁ%@ "E%séﬁ"haeé%'ﬁsé' acﬁﬁ@iﬂ@r‘:@mprtsﬁé% ?{05%@@

Sectg on on Ofg s'iJrFé%eofasE%crr&h?tthé’Q@iLfa@é('a?wd' Sutfiig B QEHARPOIdrierhfeat of the
S-shape cross sectionh on the other side of the rotational axis. The spacer
of any one o$ercated ssirfaget iblasl swifeoesion ridped sesfacég areas have a shape
generally adapted to a dianeter of the rods. The spacer of any one of
clainms 23 to 26, wherein the nesting areas conprise a flattened surface in
a regi opg of A@phast foP EARERIing manioRs S3sehisly TRaNRY a pluraity ofned9fthe!l ai ns 23
to 27, conprising tungsten carbide. 29.A nethod for fabricating a

nul ti poI e asSRAAST pOMPBIREIG dimpyexteaylingfsanta ¢igserpRinimgin tye BIME BX@NEINI e
rods, into a :SIF?% s at(ol?*%al éi?@e{hte' c@} a‘s%at,% Brr'sqn E@E{ﬁd QRsJBdqwaacer in
bet ween the plu aI| VI Ny arne° a oross sectl on of

whi ch deter md]aSerararm‘sfwm eﬁfectvuedhéstmigl sﬁaoes‘eerﬁaeajimg/adéfahgamgaodp,ac| ng

bet ween two adj acent conductj ve ds; . . . ,
éreclzn the cross section 01[ t%e arms in the nesting areas is configured such that

by rotating the spacer around the rotational axis the effective nesting space is

increased.
15
24.  The spacer of claim 23, wherein the cross section of the arms is essentially
rectangular or square with dimples in the nesting areas.
25.  The spacer of claim 23, wherein each arm comprises a section having an S-
20 shaped cross-section, and wherein the S-shaped cross section on one side of
the rotational axis is oriented opposite that of the S-shape cross section on the
other side of the rotational axis.
26.  The spacer of any one of claims 23 to 25, wherein the nesting areas have a
25 shape generally adapted to a diameter of the rods.

27.  The spacer of any one of claims 23 to 26, wherein the nesting areas comprise a

flattened surface in a region of contact between rod and arm.

30 28. The spacer of any one of claims 23 to 27, comprising tungsten carbide.
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(c) urging the rods against the spacer to obtain precise alignnent of the
rods; (d) attaching a plurality of isolation rings onto the rods;
10(e)renovi ng the spacer by nmeans of a rotational notion along a rotational
axi s runni ng through spaci ngs between the rods, thereby essentially
reducing the effective width of the arns and di sengagi ng the spacer from
the rods; and (f)releasing the rods fromthe fixture. 15 30.A fixture for
fabric ng conductive rods,
conprlgégg & abgﬁg @@ﬁagﬁﬂ££¥%@ﬁéb@%ﬁggﬁ!%@%%bh* ﬂ&%tlon ring holders

attached to (td)e sinpering.a plealitp of sdnductiZ@rrody ifoladidtgrenavi ng recesses for
recei vi ng spacers, which aSSISt in the alignnent of the rods, and each

hol der havi n@®a pheeRiINg:a} %St;ﬂn@rﬁéﬁ‘@'%maf;?gﬁpﬁﬁef W&@M@@nébﬁuphgﬁ"twﬁ
spagers during asgaeEblg ac%'?‘ﬁa(/ﬁ’igsam%]a Ert%h‘;éte?&ggﬁ%f(i\fhlﬁ Erithes Vﬁ(]?re' n

the support conprises a Dase, a tower IS one o atta to and
made integrally vmfféctm/bemdﬁ[swh|cﬁks§batléllwdefrr@scﬁ spaangrbe8lean v adjacenti n
the holders are slid k (sached to the support via a sliding track.
con e ro
(c) urging the rods against the spacer to obtain precise alignment of the rods;
(d)  attaching a plurality of isolation rings onto the rods;
10 (e) removing the spacer by means of a rotational motion along a rotational
axis running through spacings between the rods, thereby essentially
reducing the effective width of the arms and disengaging the spacer from
the rods; and

() releasing the rods from the fixture.

15
30. A fixture for fabricating a multipole assembly having a plurality of conductive
rods, comprising:
(a)  asupport; and
(b) a plurality of isolation ring holders attached to the support, the isolation
20 ring holders having recesses for receiving spacers which assist in the
alignment of the rods, and each holder having a plurality of plungers for
urging the rods against the spacers during assembly of the rods.
31.  The fixture of claim 30, wherein the support comprises a base, and a tower that
25 is one of attached to and made integrally with the base.

32.  The fixture of claims 30 or 31, wherein the holders are slidably attached to the

support via a sliding track.
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The fixture of any one of clains 30 to 32, wherein the hol ders have
alignnment pins for aligning isolation rings and shoes during assenbly of
the rods. The fixture of any one of clainms 30 to 33, wherein the alignnent
pins are attached to ends of the plungers. The fixture of any one of clains

30 to 34, wherein the recesses for the spacers have a shape of pockets. The
fi xt ur e3%f aﬁbeﬁn@r@pfanmpn@ Aolaims39 t0\1§?e efeinBedlaldryehaveradignment

spring- | oade ms-HS're dn @fs%la(?lonﬂ'\gépoﬂgisglﬁ%éga@m g’@setn%lgodsﬂé]%cgs'en a_number

of plungers on each er cor er of assenbl ed.
The fixture of any one of clainms 30 to 37, wherein the holders conprise two
hal f rings, the half rings having two machl ned steps for SuBPnOsrzgrieng an

i sol ati ri hige Bxireef Agy ﬁ@?(?flcf?"ﬁﬁé@etob?ﬁ MERIOIRNE ghigRaent

5 attached to ends of the plungers.

35.  The fixture of any one of claims 30 to 34, wherein the recesses for the spacers

have a shape of pockets.
10 36. The fixture of any one of claims 30 to 35, wherein the plungers are spring-loaded.

37.  The fixture of any one of claims 30 to 36, wherein a nhumber of plungers on each

holder corresponds to a number of rods to be assembled.
15 38.  The fixture of any one of claims 30 to 37, wherein the holders comprise two half

rings, the half rings having two machined steps for supporting an isolation ring

and being held in place by removable pins.
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