| ON GUI DE AND ELECTRODE FOR | TS ASSEMBLY [0001] This application is
inthe field of nass spectronetry and, nore specifically, relates to ion
gui des to be used advantageously at interfaces between a high-pressure
region and a | ow pressure region. Mass spectroneters can be used to

determ ne the nol ecul ar wei ght of gaseous conpounds. The anal ysis of

sanpl es by mass spedOMNOGRIDE ANBSEEECTRODE EQRIHISNASSEMBLYor nat i on of gas
phase ions fromsanple material, mass analysis of the ions to separate the
ions fromone another according to ion mass to charge ratio mz, and

det ecti on of i i 0, ist in
the field of [%&T@gé@%@%@ lrs’%%ﬁ(l)e %eelx\ﬁglrn%gﬁ%\éﬂ %&Bﬁeséq{%@%&%&ﬁ | ons.
The par teiates taﬁorﬁgﬂﬂéﬁatﬂe@l@ecbidvhhﬁgfﬁiﬁlysat amtérfmts etk etl 8 Bl H-pressugd regfbnmass

spect r omet er determ ne, the characteristic hat i nst rgrrent

Bef or e #dsBlORNRICHRTSICEI0R- B@ﬁ wecga@etﬁ%sﬂa islstermanert ?H?é’ée“}l}aér‘ﬁeégbéarrpl e
mat er i |

for nedal%ffag%oé{g? rSo gﬁlr%ar??;% 0 ?E?ﬂsa fﬁg(r}nﬁaggﬁ%égﬁ?lzeg |015%Is(t§0?§]§]r§m%e gas
phase ssepl rmoliecaf m,phﬁmlonmﬁbmrsample materialf ﬁﬁﬁxﬂnal%ztswaﬁpans toPyepsIBLer €

| oni zat j on i ncl udes a er of ign rodu fio t hods.

Typl cal 1§ orsin pbe Fstis 2 igduicgamiss ot Fr gt o U S50 R |

Pr essur & vatidty Of veBikdoh@ MBI aWll dRknody %ﬁigt i@i&h@ aeiR dfrlwaé@ spRtrBmeRY i@pRTHh

ot bl By Gy e o R

dlffereqce bet wee n dIe qunt er de The spray results in
1 Mass S CQI‘OH’IG%CI‘CE crmin at§ Cﬁ ra CI’ISt * flns ument

the forfmatlon of f1ne argef I'oncont ai ni ng anal yte

nol ecul es. |[00011EBFas rﬁéb@%ﬁalyﬁb@arﬁﬁﬁg‘ﬁﬁ@hs pmp@c;ratrﬁm beforhied fshiRgnmplear ged

gaseous analyte i ons In addition to ESI, other ion production

met hodsM#gyalbl thesannle Materioh ﬁrﬁéfﬁ%e%lry wiadlate prebeireed pyelestanp e,

matri X-asshehedn ASRenies ﬂfnﬁ’éa't@ﬁ é@@enelfé %a@%#&%gﬂp e 18R -NEETodaRh&d Lo

wor k at at nospheric pressure I'on sources i1n this
manner gener[8003) A’[ﬁldSbbﬁl’iCtHT&SSllMOD}Zﬁﬁl@B(ﬁ(RID] atcludss atnhmbeﬂ eabn prielustisrumtarse

and operatio anal yser and SS .S results, obtained are
| ar gel y E%ﬂ?dﬂmw PRy e SN BiSRR T h v G Wil&@n at atmosppeyEORIESSHE-
hybri d iapak vt th%%oﬂe %Hély' B Sethd¥EBhAeh 4d é]él!n%sﬁxﬁﬂr %FHE&?E)BQEBW ABbyre is
spectronetry C/ M5) instrunents, where two anal ytical techniques are

coupl edhmh/ed hlea ligeidisdlution pud sm“ﬁye;h@om@rnﬁe@lea@ha peayaisanduced by thegppticaiont he

ot her, | ref.erre atelon n i.on ce which

e it ol RS bRk brue 3PTa LD 22 BES Nk lylin e

pr essurfermfdtiatofifine, @lagedideebléslodbdluGort Cortdlfin 885t BoREultd &n FRSEs PRAY SOr )
and at m)spher| C pressure 10n sources al ways ave an 1on pI’OdUCtI on regl on

wher ei folvenisevaperatss desyinecdbehindarharger gaseopa st Ee i9n8gi on wherein ions are
transferred [hdﬁféﬁ Y9 Qd(ﬂlu&g i ]§§It, oﬂller i%WB%&l%non methods may be used at atmospheric or

elevated pressure. For example, matrix-assisted laser desorption/ionization (MALDI) has been
adapted to work at atmospheric pressure. The benefit of adapting ion sources in this manner
generally is that the ion optics (that is, the electrode structure and operation) in the mass analyser
and mass spectral results obtained are largely independent of the ion production method used.

[0005] In hybrid analytical instruments, such as liquid chromatography/mass
spectrometry (LC/MS) instruments, where two analytical techniques are coupled and the liquid
output of one serves as the analytical input of the other, it is preferred to generate ions in an ion
source which is maintained at (or near) atmospheric pressure.

[0006] Elevated pressure (that is, elevated relative to the pressure of the mass analyser)
and atmospheric pressure ion sources always have an ion production region wherein ions are

produced, and an ion transfer region wherein ions are transferred through differential pumping
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stages into the mass anal yser. CGenerally, mass anal ysers operate in a
vacuum bet ween 10-2 and 10-8 Pascal depending on the type of nmass anal yser
used. When using, for exanple, an ESI or elevated pressure MALD source,
ions are formed and initially reside in a high pressure region of "carrier"”
gas. In order for the gas phase ions to enter the mass analyser, the ions
nmust besteggsanigtthel magsotnatiser. Enetablly, ryass apslyisary eprspoin @ dactyobriveeh &0 samy| e

or multipkg Vv es,. [.000Q7]. Th e of |tipole io uj des
hs beohl s Batiar R AT Rie trpe o masai SrobE G, Rindhion i, pE Bsfot,
vacuum slgsitedipreseee MXLBKSBL iddS afe D6ded 3@l inhtialo uedidsSinethigh preshftefegiditof

generic nanme of "ion guide" different electrical devices are used, such as
quadr updtagsierh gas popilebior o gisphaserigns Wyestes tie mpsstanalysys, bedensanusiibag

el ectro f j : g]ﬁgﬁg he
function %?ag%ﬁ%l%%%ﬁ?%gdgggd %ré{ﬁ gg%?ﬁ?%%@c}ﬁ%?%gl&% Zr t eit%%cr\&%qe?éta &

t hr oughout t [907 Tl wedif atdtipae innnpisdadas bednsshawnad be af effegtarayeapRb) fiel d
generated by the gujde jtself. The normal operat.i ure of such ion
gui des %}ﬁ@é@lneﬁ thisgish 2 166t YD GRS FuSEARPISA) §g§§?53§§0 Bpuglas etal.

m cr 0- epgiAaRE Lgé]ﬁrié t3mK SF "foh Rdide® Qi BE M @R cHRAI R8RS RFEHRA! £ih 'éx?g@a[&lhh%léy
Synms et al. ( 7,960, 693 B2). [ 0008] One of the principal
di f f er ehxepolber netepolaudd systenes, buichlsoottadgad dieg eknttodasdsdeetbrinstace] €8t r ode i on

gui des } nner. of electrjcal wripg, .or i.n ather rds.the el ectrical
Qont act PRQ! TR B0 Rhgiondt S e Rincihp B ihanfesd B EontBh S s Eisfe
el ongat BAnPOkQuhOGSh@ Ft@REarhtAT QUG stade® Pl 4 rddioTedquandyS RIM dield gedbrikddonal
syrmetr%. The wiring is (or in other words, the electrical contacts are

ar r angel@y gaedelfyl heormelenerating negsswsiol guehods gpiseerapges fiemehast Ydee of a
radi o f pat i 1 ' ' e

G 11 or eNFOTARLIPARTL Py IRILER S BhotFingRPle S g AU 8ad BELD AERAIC

r ecei vereckritiiyeryeSymypdras €SO, 96 BB Pot ential in a "crossw se” nanner.

[0009] On th her hand, .st.acked ring_ ion guides are wired such that,.
along the r ofofi Onsgiche pripeiea Ty bfs@%espw?%mql%mawrggldﬁﬁa%gtacked ring
(nor mal élé’otro%lgﬁ)oﬂjﬁg?c%Q§ tHRYharer QPééﬁ)icaﬂfwiﬁﬁ%%% iR BIePhvbAls thd BeQtiPA coHRERS:.
the stacked ring el ectrodes recelve different phases of an RF potential~in
an " axikdd wnaguides nanventjdnatyrooerprisésn avenasuhlier of tlavgaed polagodsouragpédasund

ener al | h. narr range .of effectjve.geonetries. That is, .the

Uhi cknesngiuidingd i ynderhioPRal SymaasT Rhe Wit e (PR OTiaTo s theglegtiical; y

smal | conmeisetk hfaddl8) Sir&RllPkudt@al t%%pp@ﬁﬁ% ]E’d!{s@_e&ﬁvetth@ sdth®Phastloh g raMis €.
we S

ions may get trapped in pseudopotential " in the ion guide and
t her ef drasiupesy peécrsial whetsas other paans ioppasing rods receive [dgffierent phasssiod thesamesRE or

gui di ng_ i "near.at eric’ pre re ﬁthat L SprRressures .bet ween
about - 16'anA- PhernBERbedt) AREBITUT recBERTHEET ot oLt RESTEMLE 2 " one
enbodi neisd” werigirsts of a row of rings the inner apertures of which

gradual |y decrease al ong the L ) )

[0009] On the other hand, stacked ring ion guides are wired such that, along the row of
rings, adjacent rings receive alternating phases (normally, 180 degrees out of phase) of an RF
potential. In other words, the stacked ring electrodes receive different phases of an RF potential
in an “axially alternating” manner. As a result, stacked ring ion guides generally have a narrow
range of effective geometries. That is, the thickness of the rings and the gap between the rings
must be relatively small compared to the size of the inner aperture of the ring. Otherwise, ions
may get trapped in pseudopotential "wells" in the ion guide and therefore not be efficiently
transmitted.

[0010] Another means for guiding ions at "near atmospheric" pressures (that is, pressures

between about 10 and 10° Pascal) is disclosed by Smith et al. (US 6,107,628 A). One

embodiment consists of a row of rings the inner apertures of which gradually decrease along the
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row. Thus the aggregate of the apertures forma "funnel" shape, otherw se
known as an ion funnel. The ion funnel has an entry corresponding with the
| argest aperture, and an exit corresponding with the smallest aperture. The
row of rings is wired in the axially alternating manner as nenti oned
before. Further, a direct current (DC) electrical gradient is created using
a power 'ty theagereeatel daqgpeatyigs domnpa sigpely shaps, HBWIBHKINR &HFIPR| ent
vol t age - L VI i o, t sported
R B B T i

f unnel scatraspendiewith ehwlopadiestipeglie. Theatvedf tilgsrie wited du thetagid lyeal ttapang ng
aperture of the ri.ngs, coul t herwi se be i repul.sive al ong the axis.
[0011] WARTEP W,ﬂﬂ?l%é‘ hedres ks Aettect sHiread Ut 55@{10 I dpeFttgd BYBE At ed,

that it %&\%} s8pply Gh&@Atbstbr aiaﬁ%tsu%)ﬁg $hd QUGB BsutBERA WoRtaYe 1 QBh BRESSUT ©
region (that 1's; larger than abou O Pascal) of a vacuum system Whereas

mul t i potreate erdriyirigifesceder foos h powaisportd huvighphewoeled ddiHona\deiving foeces amy

funnel generall rforms poorly at |ower pressur wher l.tipole ion

gui des B dorsrty VERLOHATR SRt e Dreudonbloniggaispeiharely, diedRd e fou gl ar y
Mass s PAektuREHRE riAgd, 30E8 TeHHwRe G li¢h ﬂégultsﬁ_elaldn@_rth@ﬁiis. On the left it has an
ion source with an 1on source housing which, in this case, is equi pped

with an el eclo0btifpeneralipihel ign junnebhastthe el viagtagatwhanisopasly apstated thwiisiang 6
d bei ! i W i ir. i th
oy BP0 BT KSR B B BRSSO 1 sy BRI o1

t hr oughPasbaly bf s ugpatinl Jystesm, Sblerean inultisile iod gueded pedornd peorlyodt sachipeesunesi ng 6
is coupled to mass spectroneter. assenbly having four differential punping
chanberdowgverg ,elosmfsuaﬁ%l egperatty, eeriRrEsNOPHY Phlopyss BEEsHER DV Rg e andpRlf &omsgiides)
34 and BfsniioNedriefen@yanpl e, can anount to 300, 3, 0.03, and 3x104 Pascal,
respectively. The pressures in the punping stages 30, 32, 34 and 36 are set
and mai nt ai n@A12y1Gad¢ showpampsenBiary33gss SEecanthe®T arrdingenidnt g¢covdiog tmpridranber

30 h i nl et il 10 j ff-axis .positiqn.which, t he ion.
sour co Al naaBh gialrb ot i bribiie PREsBER e o s Bise P patonst ik o
the i omnSPsb©SpAP dgpiNgryt prpﬂfﬁdiﬁ% fint8X¥icSioR QShrké RBusHig 6 %&Beiﬁ%ﬁiﬂﬂli@ﬁ WithQy i s

useful as it prevents droplets fromflying directly through the device to
t he i orra@lewiyiondy reservoir 2. QposBE torthe sprafieapidlpget, diie iohsowsE Bpusiagpd hingy 10

IS oppasite ring 4 on.funnels 1 kn v | le. fromthe
o or emanl SR aRE E51 8ih2Rgh MRicH IRG bR &R RN, (Mo RISER Bn SBRELL 06 (o
an RF+DGuviak bageogddaetoal e spedtmdidter bdsendtty WiviaH feut piférestiRpumpldcagambbe
the individual rings with axially alternating phase so that

pseudopt ehtitand 39e b Bigsspre By thesecnumpipe AR 38adf td 3G b3ty ofThe
i ng b,0mn | : li ed
\fm .eltoﬁr :te%%ﬁg%c&{rpﬂﬁ@ngfm §he 3%.@?,&9{3 14109 PO, [UREbvelP l%ng@sls?xggﬁgtggqu e

ofenti a radi ént along the axis ' in order to prov i tional
dri vi ngpuinmpigestagessi30g3 ) 34tdnd 36 anssdt andimiaingaitdérbby vdvuomghunidsel If A8y anl®@7. Wt h
the | arge aperture rjin | ectrqde . faci t he..outl et. of the inlet,
capi | a5 gy Vg B e des S BFapblary Wy M eEE Y@ AER AGHGh oF PR o
ori fi ceomlcdhBusfy flic, rB&iIVRLEHS BGR tesahipfe MNtortifdrRUSRLItRE idRUORIRBoaHAGDET
32, which allows the generation of a potential drop along the ion pathway,
t he st & kbeoffraxes pasrionminelet cepillaag 1819 welyd aad pepranckopets fione(lyiog disody
passi ng, the iLbnlet. capill.ary 10 and, along its axis by nmeans of its tapering
apertu?%rpu%%lﬁocﬁg‘élsce%g{ Fé?n%{%gﬁgf% so that, upon exiting the funnel 16, the
out er di meng0@I3] dhe bkiRr kidd of tHedARY t4pilsdFRllD ieosHogie b staplasisiddion ifingi¢l as ed

orifice plate 50 wi thout nuch ion |oss.. ) ) ]
known, for example, from the aforementioned disclosure by Smith et al. The ion funnel 16 is
connected to an RF+DC voltage generation network 12, 14 which supplies RF voltages to the
individual rings with axially alternating phase so that pseudopotentials necessary for radial
confinement can be created. The separate electrodes of the stacked ring ion funnel 16 can also be
supplied with a DC potential gradient along the axis in order to provide additional driving force

acting on the ions to drive them through the funnel 16. With the largest aperture ring electrode
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[ 0014] The vacuum chanbers 32, 34 downstream of the vacuum chanber 30 with
the ion funnel 16 may then each have a quadrupole rod ion guide 42, 44 as
known fromthe aforenentioned disclosure of Douglas et al., for instance,
as well as further insulated orifice plates 52 and 54 at the downstream

interfaces, respectively. Due to the radial focusing of the ions in the ion
funnel fagingtibe peitit obtheguletieapillipy 19 and the spallpstopertwd ring elackads Beingha i ons
further. wthqut..sianifi ion:lgss, T . C : ' hi s
excarpl e M ERE TR Ay PP REs W A B et A R AR S Mleh e
art. Byalap $it Bensdpnaial ptéhtiRFdap dldag tholohagesvdyptheheickel gng ReSumdel ibe
mass filter 46 a w ndow of nmass to charge ratios mz can be set, or a range
of cor r easpoaMeRgCstHge RECTHa fPriensRasting thetiplebeaplary 40 and. alpnediscaxiull M§atshe
respect j v @@g. t r .01 i ch

t he ionb%@%e t%ﬁEﬁgﬁﬁﬁé&gngﬁ%fg%gp%ﬁggwgggégégﬁ%gggﬁ?%ﬁ%?ﬁ%ﬁﬁg?ﬂ@ﬁ8ﬁ%gltage
condi t i dinsengipplof @at.ion stream is shallEnpuBReogrtd the itGubatet oréfice {ladS ST va8hbpimdciB2
which is incorporated by reference inits entirety in the present
disclos@Pé?$propo§eq a new i on gui de design which enconpasses the features
of a cross- Wose4)MHd VHRuBNEhARbEX 32! 34/ JAIAGERARTI G WehifEhAhbé ¥ WARElibAE:
The design includes segmenting each ring (or electrode) in a conventional

st ackedfunhelg 6i roay dran dechdws grquiadnupolg rediivineguidsf42e Hé os kv frpmetbaduct i ve

regi ons_separated f.romeach other by insulating region and. supplyi ng the
ol sot 1 URR BT AR el Holoh Tt Bt P T s A S SERT P o e
rod i onplgids §28nd 54 afthe HONHstaGEinteRABEY, radPédiieeBl Be t@the kadIMINfotlisng Sft ta€ ked
ring ion guides, providing axially alternating phase differences between

el ect r i i8dh¢ ipndomnl d 6 itheerod sgp Bridesat?, 4djarrcwell swicdde frapder thy iqnsdustlsy withieut h
are ali i e § A0 t r

undesi rsg%ﬁ ‘ﬁ%%%‘?lnlggsgg (Ialgtl og{é%cél n{}ll %hﬁgl\:/‘i/gﬁ ?égmpb}g{svevlé(g}r% %&P%%E%taoiﬁgg{bggecfgs Tt he
st ack iBltsudppesedcll knden avide aanBy apjavingeipprdphietedis embD( valltagésnb shd poie gudsde
turns out to be_rather cynbersone as it i s suggested to provide ring-shaped
el ectr i‘gél_l? o UAT 40y nda 5 FRa8S 1 ecrﬁﬁ%m% candieiset: gF e B8RGEd i n the

ar eas d&?ﬂe@@ﬁﬁgo Yok @ar?l')@&raﬁﬁéaath}dﬁﬁﬁ,%%%W 1Y KRHOMS resPbdiiveRens o

el ectricall ductive regions then have to be wred according to the
desi r ecthefgeattio mdét togpass thietmags filthi 46 prdocechuthe igrsdatedtéret8 where theyrwabeng as
every single .electrode i.n the stack.has to.be machined individually.
[0016]IpﬁgUF@ﬁP8§hT%@néﬁgﬁﬁwymﬁ%83“@%?§€@p¥ ‘provi de an ion guide that

i ncl udes t heqod s REaR L KGRANRIANEUSW 8I 1521 BY dAichXs RlcbiposdtéEbyAlféraakeds el |
as a cross-wi se manner while, in particular, being easier to fabricate and

assenbleatirety in the prgsggigclasyred peanogecthe Bewiiarhguifedgstgmehish escapppasss the

i nventi Lo fr Yo i | u i e r odes,
cach of TSR AL UGPSR s SpiRTRY) SRS RHEAL dfe e YeSEh,
each ofin¢lhéespeghenttigngck Hagest Sectidtde pindi @hatntRndl sthvked Rigg aoh glide tesi gainkoy
conductive aperture contour form ng portion, Upon %;senbjy of. the,

el ect r ddwunber gEeleeigalbt condyetivedraigne seprtrdsiran saeh aher Pypompatingregings gmd

subst a%b@éjr% il ag@[ﬁ_%ﬁgf@%gﬁ%}\%ﬁi%%iwé 6t éﬁ%ﬁiereaﬁodee, ac tan&fv? B Iﬁgﬁiggré%é ion

aperture ers havin y of insulating gaps [ocate t ween
cooper auidey, ipratossdiisgmehesreritik, alends bnavenf{roal staped ting eordafideseproviding

Fr equertis GHEBal Her BN FFTGEa PRy <ch RF R Boc S FAHFLEE O FUGBY ocess.

ir teggf:‘ {%%cﬁr@%s, in AL OWTRVHRM 436 ali@RUUSK e Sschayikbe! Bhdray, ik partiOflad AR progenedibele
undesired trapping pseudopotential wells between adjacent electrodes in the stack is supposed to
be overcome. However, the assembly of Kim’s ion guide turns out to be rather cumbersome as it
is suggested to provide ring-shaped electrically insulating supports to which metal foils are
bonded in the areas designated for the electrically conductive regions. All these electrically

conductive regions then have to be wired according to the desired electrical circuitry. This

procedure is rather time consuming as every single electrode in the stack has to be machined
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[0018] In various enbodi nents, a dinension of the aperture contour form ng
portion generally changes along the at | east one row of protruding el enents
in each of the plurality of electrodes, such that, when the rows of
protrudi ng el enents of different el ectrodes cooperate, a dinmension of the
central aperture general |y decreases along the row of segnented aperture
menber syl an i on funnel . [0019] In various enbodi nents, the

el ectrodes a es, via
whi ch thoy ajwtBElickBEle AERPERINEI TR ERMPL 3 BUACAN IR B¢

enbodi nﬁwbsr,ablemeni’mledammg npan sxdsllyaalpdrogtalgi ak yweblfas pLomEshgisapanharrvedle, in each

of the plur L of el ectrodes he h Ider may take the formof a back

pl at e. a“wuar %WBQTT“ﬂHﬁggﬁém ddiHEYt's, each row of protruding elenents
conprises a fgofi%f Inparcg&{ih'ﬁjderlgiﬂﬂh% 'F?lﬂhple% ol BRE in PerRioh Ueiang ﬁécﬁﬁ‘ﬁ&l ionH

group of internmediate protruding el erents, wherein in each t he plurallty

of eIec@nm@n@samhuﬁdyaéckammkzimmbaﬁmmnhdwgabbmﬁohennvefﬂ@mﬁm$@nanMmyd|ng

elmmnt r chH1d'nteraJ from a si I ceo

o or 1 o bR R O IR e g @M e PG, et GRARHENLY S desi gn
al so al m\&ﬁctmrapbh@remmo&r ﬂa‘nntiﬂrgep&h@l@twlﬁﬁ@sg@nm? oS thaldcadae sleyrolieared.
Heati ng nay prevent durable deposition of substances which coul d pr onot e

undesi rBirBdiag glementt @operateHa fihy oy 08ﬁ4bétaemlbu@1awe§a@§iedgpennuﬁt her m)rg
moder ”erg%ﬁéﬂg' é&%h%?ﬁ!é’l‘ %H&ft ?h}ée%ré% b2 Fsha@ﬁ%%t;ﬁ raHIgv (gfqﬁ%u%tﬁl t ﬁgf%a&ﬂ €

machi n n ohe ¢ prece eonetri C erances
anong tteewekf cfoepenatmg pRtud g eddmets, ah@arcémt& apaturb defigdtbyadooperaiing mum
[0022] In sonme enbqdi nents,. the fI[S rudi ng el ement d the | ast

pr ot r ucASE Y SORENE ?%n%w@e%a he dise %&eq%n%lopr%lmeé@ﬂga ghRaer and

separ at ghyi LRk 'rri%ﬂuﬂcfu?m??rrr(gcﬁgs Xl g%@gﬂ Qﬂdsrmprow ng r&&@@éls EElrdq'Eﬁé}g y, the

plurality of protruding e are arranged I'nt paral | r ows t he
hol der afrthemalguade itsee. pl ural ity of el ectrodes, wherein one rom1|s shlfted

oBat 1Y R o s et ot PR BB B R

pr ot r udieRgrafll @ARIYES alofg tHheat WabEne OW of protruding elements in each of the plurahty of
electrodes, such that, when the rows of protruding elements of different electrodes cooperate, a
dimension of the central aperture generally decreases along the row of segmented aperture
members to form an ion funnel.

[0019] In various embodiments, the electrodes at one of their respective ends comprise
attachment plates, via which they are coupled to a support plate.

[0020] In further embodiments, the holder comprises a plurality of pumping apertures
in each of the plurality of electrodes. The holder may take the form of a back plate.

[0021] In some embodiments, each row of protruding elements comprises a first
protruding element, a last protruding element, and a group of intermediate protruding elements,
wherein in each of the plurality of electrodes the holder and at least the group of intermediate
protruding elements are machined integrally from a single piece of conductive material. Apart
from simplifying the electrical wiring, an integral design also allows for the parts of the electrode
to be simultaneously heated. Heating may prevent durable deposition of substances which could
promote undesirable electrostatic charging or deleterious outgassing. Furthermore, modern
machining techniques allow for the features of the electrodes to be machined in one clamping of
the work piece, so that geometrical tolerances among the different features of an electrode can be

kept at a minimum.



[0024] In various enbodi nents, the protruding el enents of each segnented
aperture nenber cooperate to form opposing pairs, the opposing pairs being
configured to receive different phases of a radio frequency potential.
[0025] In further enmbodi nents, the protruding el enents of the segnented
aperture nmenbers are substanti al g%%al i gned along a common axi s along the

row, each pr Hl02&hIngms eaphadimens.dhelistpiotindiag chgrasnt apdthedat erotiudéng vi ng a
di ff ' - ' ' t
11 e oBnRhERg oRlerEaTl AHERNNRBRUGI il AN SIE Sl BheTent <
Favour almd/DCalotengibBct r odes are identical and assenbl ed around a conmon

| ongi t udi nal s _under rotatiaqpal sy try. [0027] In a second
aspect, the [@ééﬁc"i@ ablyy tﬁ% alirglgy aﬁp@?ﬁm&e&%ﬂﬁfn& arp @frppgediip gV apallel
spectro r Mo I S I I I : i ui de
R S
i on soumcm axmad damctoun, bwth thatdhe puopludiigtetendngs imams rawate/loeated, an gaitisular

configure or gquiding iions fromthe jon source Lo the nmass anal yser. The
Ton soutetalY adinAsPedeten B s SRERS Enf oLHEHiee anal yser. 11
the ion gui dpo2g] BORAtLAYERBoERMAR, the PrdtHiAND oleth&ifs bAEMR sBRBEMSH Spetinsk
advant ageously faces the ion source and the small aperture end faces the

mass an@eydercooperate to fompgppasHgapaithi the oprysEa pains heingppafigirod ta weives to an
el ectro i | d ri.si.ng a plurality of protruding el enents
(ﬂ?feie%[ gﬁa@‘eé (S)fn 1%?10 f?e%f%g(gype%c{tgntlag

extending 1n eas Wo a rows froma holder, each of the rows
havi ng a fi r@o2§riatiutbkirrgnboldang@nd, theprbasding eliantt sfghescpreated apafure gr oup
of internediate protrudj n?_ el enents. Each of the protruding elenments, at a
di st al BAPer gt wipstantelby dligaed $lopsAGoRMOpex I he IR Rash PratpidigRiement

por ti ony, AR ge%rﬁ%ﬁ%}ﬁ%%%r@rﬂgmﬂ%ﬁ %@%ﬁ%ﬁ}%hﬁff&%ﬁ%a% of Al® ME%QQ&R&[ #dhng

r
el enents are I ntegra a singl'e piece of con Ive
mat er i ahg psucikdireseleretrdas$ in adjacent Je@Mi28led bpertae neneerdprbdErteyitit. he fi r st

orotr U 20 S L ST B S AP o L drou 0
machi nedngifid@e akis YinféaBlagosdl @%%e%ece of conductive material.

[0027] In a second aspect, the invention relates to an apparatus for performing mass
spectrometry, comprising an ion source, a mass analyser, and an ion guide as herein before
specified. The ion guide has an inlet end coupled to the ion source and an outlet end coupled to
the mass analyser, and is configured for guiding ions from the ion source to the mass analyser.
The ion source is maintained at a pressure higher than the mass analyser. If the ion guide is
configured as an ion funnel, the large aperture end advantageously faces the ion source and the
small aperture end faces the mass analyser.

[0028] In a third aspect, the invention relates to an electrode for an ion guide,
comprising a plurality of protruding elements extending in at least two adjacent rows from a
holder, each of the rows having a first protruding element, a last protruding element, and a
group of intermediate protruding elements. Each of the protruding elements, at a distal end,
has an electrically conductive aperture contour forming portion, and the holder and at least the
group of intermediate protruding elements are machined integrally from a single piece of
conductive material, such as metal.

[0029] In various embodiments, the first protruding element, the last protruding
element, and the group of intermediate protruding elements in each row together with the

holder are machined integrally from a single piece of conductive material.
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[0030] In sone enbodi ments, however, the first protruding el enent and the

| ast protruding el enment are attached to the holder in an insulating manner.
[0031] In further enbodi nents, the protruding el enents have the shape of
fins, and the aperture contour formng portion is a recessed outer contour
portion at a distal end of the fins. Preferably, the holder is

a back pl at e [003kIseae smbadimerty. hosyeyes she firsfpwre%ra dipg glegrnhifdhe éﬁshpert ures.
[0033] Lpyt Mﬁfdg&‘l‘eﬁn&m&&d&%ﬁ@% o thd lﬁér%% i hlfhe MQhEMdi ng el ements is
treat to provi

surface em cal Fesistance. [ 0034] O her aspects
and feat ur es [@31} hefurthoreem boolimundsy the ptadpgrebnterts lavettireshdpt af fieg and the

description, which js made with reference to the foll ow dr ngs | t
shoul dpﬁ%er%‘ﬁ%?‘é’é%{tfj@an‘f‘& ROT1ORdS §E7°555°d QUITE SUHPHROBHOLH F 41 CP %%1 %1% % of t en

schemat i cal | yjo3p[ PakdSoly aht QYBIeH ThEBRPISE nPfy O %g%ﬁia I ment s
of the mven%ldoon]u V\:hl%oy?tg def angﬂab%tagagpe%%% tc alyms IJ[I%ES leure 1

i s a schepumpiog eperturerass spectroneter assenbly according to prior art.
0036 70U ) B RR TS Rl D TRSLRRPRGh Lo RLALA &
i nvent i pdvide chemical resistance.

[0034] Other aspects and features of the invention would be apparent from the detailed
description, which is made with reference to the following drawings. It should be appreciated
that the detailed description and the drawings (often schematically) provide various non-limiting
examples of various embodiments of the invention, which is defined by the appended claims.

[0035] Figure 1 is a schematic of a mass spectrometer assembly according to prior art.

[0036] Figure 2A is a perspective view of a machined part for forming an ion guide
with tapered aperture according to an embodiment of the invention.

[0037] Figures 2B and 2C are perspective views showing an ion guide according to
an embodiment of the invention, assembled using four machined parts shown in Figure 2A.

[0038] Figure 3 illustrates an embodiment of an electrode that is designed to sustain
DC gradient along the axis of the ion flow.

[0039] Figures 4A-C illustrate an embodiment of the invention wherein the
electrodes comprise an attachment plate and are attached to a support plate.

[0040] Figures 5A-B show a different design of the ion guide electrodes and the
assembled ion guide.

[0041] Figures 6, 7 and 8 show implementations of the protruding elements with different
aperture contour forming portions.

[0042] Figure 9 shows a schematic of a mass spectrometer assembly wherein an ion
guide according to the principles of the present invention is incorporated.

[0043] Figure 10 is a flow diagram of how an electrode for an ion guide according to
embodiments of the invention can be fabricated and put into use.

[0044] Embodiments of the invention provide an ion funnel that transfers ions from an
ion source to a mass analyser. An embodiment is illustrated in FIG. 2A-C. This embodiment
consists of four identical electrodes machined from a solid block and disposed around a common

axis, which is an axis of propagation of the ion beam. One such machined electrode 200 is
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[0037] Figures 2B and 2C are perspective views show ng an ion guide
according to an enbodi nent of the invention, assenbled using four machined

parts shown in Figure 2A [0038] Figure 3 illustrates an enbodi nent of
an el ectrode that is designed to sustain DC gradient along the axis of the
on flow. ures 4A-C illustrate an enbodi nent of th

i nvent i Brstafed & IiiGi i%é Ea ok e daur elneppdes 08 somprisesiigiderdn éheefoéfﬁd’f aback
att ache@]@l{ Ozho% &/HRH% d}ﬁilv gicl%raht of oggrgﬂgsi] 213 GUii§ f’éﬁa%réi%ié‘b@% ghlfnkﬁfg.e‘%e

desi e’1on gul e assenbl ed 1on

[ 004 1] Hegtode 200 alsé can@rlgeﬁdﬁpi\araﬂlltﬂ)d)ﬁﬁm‘]ﬁlﬁﬁdl foataresfsuches piroaxmdmgi fing 2daDewbichs
with different apertu contour form ng portions. - ur
shows aall%gwfpirafa?n of the SEcesHisy PR gle d JieAteiey fisdd- dp ii“%iﬁmi%fﬁm%

accor di pgitout hes pid ﬂPih@'fﬁf% 29h aieiiﬁa&ﬁﬁ'eﬁ%m loRY Sibi:k %Fcérﬁlubﬂ%&f&h@i flother
[0043] Figure 10 i1s a w di agram of how an el ectrode for an i1 on guide
accor di ergbaediment.atie ﬁramt’zso ofn bdmanufeawted sepacatalybed flxdordtieahssldo dmdbaskitplatat o

use. 205 by means such as weld, conductive adhesive, sintering, screws, etc. The spacing, shape, and
thickness of the fins 210 co-define the radio frequency field and can be easily build into one
single electrode. Generally, it is favourable to limit the dimensions of the fins 210 to a
(practicable) minimum in order to also minimize capacitance.

[0045] As shown in the example of FIG. 2A-C, two rows of fins 210 emanate from the
back plate 205. Each of the fins 210 is generally rectangular, with a recessed outer contour
portion here in the form of an arcuate cut 225 in one corner (the corner being adjacent to an
axis of ion flow). The arcuate cut 225 generally approximates a circle segment. The radius of
the arcuate cut, indicated by the arrow marked “r” in FIG. 2A and 2C, decreases from one fin
to the next in the axial direction. Preferably, the centres of the radii of the circle segments, upon
assembly of the electrodes 200, coincide with an axis of ion flow in the ion guide. The fin that
is positioned closest to the ion source (to the upper right in FIG. 2A) has the largest cut, while
the fin that is closest to the mass analyser (to the lower left in FIG. 2A) has the smallest cut.
Thus, when assembled with complementary electrodes, as shown in FIG. 2B-C, the arcuate
cuts form a funnel shape having a large central opening proximate the ion source and a small
central opening proximate the mass analyser. In FIG. 2B-C, the assembled funnel is illustrated
with the large central opening facing the reader, that is, showing the side that will be assembled
facing the ion source. Therefore, the fins 210 fully visible to the reader in FIG. 2B-C have the
largest radius cut.

[0046] In the particular example of FIG. 2A-C, in each row the fins 210 are spaced from
each other a distance “d”, which equals the thickness "t” plus twice the separation distance
between assembled plane segmented aperture members (to be explained below) when the ion
funnel is assembled. This separation enables a complementary fin from a complementary
electrode to nest between two fins of another electrode, as shown in FIG. 2B. The number of fins,
the thickness “1” of each fin, distance “d” between the fins, and radius “r” of the arcuate cut, are
designed to impart the proper confining field to transfer the ions from the ion source to the mass

analyser. It should be appreciated, however, that the distance “d” need not be limited as described
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[ 0044] Enbodi nents of the invention provide an ion funnel that transfers
ions froman ion source to a mass anal yser. An enbodinent is illustrated in
FIG 2A-C. This enbodi ment consists of four identical electrodes machi ned
froma solid block and di sposed around a common axis, which is an axis of
propagation of fhe iqn beam uch machi ned rod 200 i S

P et 4B frihbreabog RueTE o BAS: b of gL WPGEE P ﬁl@sfi awag peded Hnng der
in the fiRLMRH iAriepok . ol ate 205, which may have a pl uraI ity of openings 215
to allow for lateral vacuum punping. The el ectrode 200 al so conprises a
plurality of [(dZhAndtisiratad im BK}. 23y dle fuss qre etrangdid iy two rev Whierahowudroat isow

t he gener.ation nece sar nult ar. radi o frequenc ield.. In this
enbod naiieq HatpLvia G Aar SoR kg sh {13 HE oAl o3 s EAE AR SR Kiibhe
bl ock oObetGREIHES fiYEinTBE Sthbdlow. MRisinhBles ﬁﬁbﬂgétﬁ%ﬁbﬁthetfhﬁ ffond ShedlQuoa8s be
manuf act ured separately and then attached to the back plate 205 by neans
such asthgifosn thofvanel such thathles finenessiogetbet tagorms plaansseneented afisetugpaci ng,
shape, i S f 2 co-define the radio .frequency field
and can BLeeR FORET R e s Neng R ERbE shlfiebdib e bR

f avour aktigas an a!l)llﬁ]ﬂ}t altdiatitig TRdiHe ) Ren@hteta@nfihdiferd 11 &q@rc{@ﬂo&fénbp‘c&bﬂ@)

mnimmin order to also mnimze capacitance. As shown in

the exafpt énE#Gﬁ@hef}xswla@wgm@md@Perftirﬁénem@r éﬁlﬂ%ﬁ@ l?er f psegueNc| at e
205.  Eaglhsfh pli€inf thlnfbbd; rhér%tgiﬁ%d@itécvb{ &%%ﬁﬂ&ﬂ'lﬁf@s %ﬂe MRIEES PP S QU €
cont our portrp Rere i'h the form of an arcuate cut 225 in one Cofhef (the
cor ner Hmeﬂemgﬁad] BliceRB, tachaf t}w@@mhtedomnﬁﬂeopl)ates’ﬂhé it aatparatatphPA6al

general | proximates a cir ment. The.radius of the arcu
Pnd: cartmet) el S o oqommuonar e aneoid pet P48 68T PemEhe 1 n
to the AR¥GIlUskatelsn 8XGaIB Q'Ho%ﬁédcﬁrﬁn fPJIﬁfoﬁé @iaw@detlgﬁe&wtv&ﬁﬁl Qo Add&rr@di i of

the circle segments, upon assenbly of the el ectrodes 0, coincide with an
axi s ofCOIUm}ueIfNSmW}’le&ﬁctrhéeﬂ on guide. The fin that is p05| t| oned cl osest to

t he ion sour t (.01 i B F whi | e
the fin & naronlfoledls MRk fHlag 3RS Jaa PRk F SR BRIl w5y
has t her&eRt bRsds 2a0tconsTiies foMTRR 226 Fetitligdelvhddte SHINOOHERIRN Yheh &t r 0des,
as shown in FIG 2B-C, the arcuate cuts forma funnel shape having a Iarge

cent r al2eBp@Hy Aepd 853 fdiab dirpgiqnoAhe Buw eapseAfd Retwerm the &aridina 2 Seerthey

pr oxi S

il usm&%g%r&%& it as?’/ g(grhc%%]@? a‘l& H?e %u%gw g?}en Fa ellfg%% %i) ﬁ%lﬁralls,
showi ngiptiteresif de atrbu&ite with 2 Hbeiag pesitibed dt acrazg-pbine of thie csansﬂrke apdieeeTloy e,
the fins 2%(9 fuII vi si bl e ﬁ'FO th reader in FI G  2B-C have the | ar gest

r adi us #28§ 200 generdt ly[syauesiee)s Bévlerl%ﬁlapn%ﬁ’g gepfaspyrebled glegirodey each
row theohi B ﬁlyﬁelaa&%al%ﬂtaﬁﬁfjthte 10853 BALBLtREGEhe Bedh&h @ foofbratind ¥k 1@q)lfa| S
t he thickness ™" us tw ce the separation distance bet'ween assenbl e

pl ane sug mn@tﬂe@@@rsfam@tﬁﬁ%en she(owv tw@peafs taifoima a lsbdrome) alohgan tdmeﬂomn

f | | t fin f
comp! el 2 38 &84 poE RISl e AlheERRT M HERER: anot hor el ect rode. as
shown in Fl @oRBThEMeurethotere E)tdférablfyhﬁadhﬁﬁeﬁkﬂﬁﬁﬁle identied] shasdoff feures,

di stance "d" between the fins, and radius "r" of the arcuate cut, are

desi gnélptis idanfies!tbaghnplajss s andsws: f{hﬁéow@qn@cxtﬂ@lw@ﬁ%sr ase agsg@bledrisith r om t he
I on SOLSA% §8cttt8 x@%atﬁ&g%gg{i %{;},&?ﬁﬁ elec&%&h 8&%%&%%&5&%& AhS8r B QUEKBTeq t hat

t he di nce
electrodes form plane segmented aperture members with an aperture for ion transfer, wherein

each successive aperture member, in the axial direction of the ion guide, has a smaller aperture in
this embodiment. However, it is also conceivable to configure the electrodes such that, upon
assembly, an “ion tunnel” with substantially constant inner aperture is created.

[0050] For the funnel design, it goes without saying that it is not strictly mandatory for
each segmented aperture member to have an individual central aperture compared to adjacent

segmented aperture members. Designs are also possible, and may result in the same beneficial
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above. In this enbodinment it provides for an even spacing of the fins and
havi ng nested fins as illustrated in FIG 2A-C [0047] As
illustrated in FIG 2A the fins are arranged in two rows, wherein one row
is shifted spatially in the axial direction, such that the fins in one row

are centred across th? space between two fins in the_other row This
enabl eslOPHENSRLNd RenTigemen Properidesy MEpRC eI RINdRINLSH aEad Rt FRSFIHS ReMPEFinel |

h th i t Qoo :
\?\zicc h %hta'é' B hgﬁcéﬁ‘?ﬁ%eyr{u?%g&gﬁérs, Basf1RE Wkl NG PERNER S5b ?gﬁyl,%%% tdeIRG! S

en energi zed power source Si t aneous a Cross-w se
as wel | oasalhgradicntdfl opnahlt apertarei siag ahangrtbe rovgehareatne: membersifroemthetion s@lrce

required to transporf the igns.. In FIG ,2C the fjrst plane segnented
aper t ur SRS R Detleriaen LDgnhed PRsBraRoBra S sRp of
enbodi MeBtavehBoh Ndi cated by the broken-1line square | abelled 247. As can be

seen fromFIG 2B, each of the segnented transfer plates 247 is not a
separ at e phy¥08H Wake assambleduthe elgctredesrass elieetsicalfxomstlhed dombeavhtotioa. Blie t he

fins oriented together to formthe plate. A so idlustirated in is
now eacHSHIR% PEAPHAEY of SetetoruierSinfel iy (i FRelic PR 0 spp FLG 24,
conpl eniit aetr@les et Bet@sbled together, [sOEH Bt dacBRedrivntdd dratstor pldtory fofmdd Ky foaB- C
it is apparent that, in this enbodi nent, the transfer plates 247 consi st of

four filis Sueh aearangemgnids spigphlwlog HprsWith @ aadriaels maeFReCHamegeRarapy fhe
extend in iﬁu{g%t &h [HG" F.Cfﬂe%fore-,rglgtgfs%bogﬁﬁ&lt%@@el?cﬁfo%?%etclaﬁ}&lfeﬁ)‘ﬂ{tvecl ns 210,

toget her wt e arcuate cuts orma cross-li1ke aperture wth the
( gr aduadppyside preaAsshpwaenFiGl 2@ pae RE @lo233 Beoapled & evacomsiaig sldeabdes

positioned a craoss-poi nt of the cross-like a ure, The 260 .
gener al %%eé?%%@_%ﬁ@&rﬂ wafher REgESOGH Réknm{@%f@uapf PEFERY 10 dEREPads
el ect r adesled W the! dthdriwh %?&%g APRRIR O 1abdIRl 2 Ne 2 9PPE7 S 6o the, WRaRIst he _
segnents (or cooperating fins 210 of one segnented transfer plate 247) in

t he rovwarzogpeertveheroalf protudingHns?d0 asd wachingd integrdllydvemp atbhodkradwoodustizad of
the ion_gui.de t he other end in this exanple. [ 0049] The four

el ectrorB% TR @Pfatf%srlgﬁﬂ} 1%@83]‘1%%8&6&({%% the identical shape of features,
that is, idgoosxnatishesk npleathes, thititAé n@iberC8dssan abldarfa@péméd & theCational

el ectrodes are assenbled with respect to the features of an adjacent
el ect r duEPIRgRPENINEAE 16 dythomaringig. 24 (s bpivay 196 (arreelinsbled cxararle o8le §0f or m

pl ane %ﬁ&%’étﬁ%ag%'i Pé‘h&a%%?&%a&ﬂ §ﬂaﬁé‘ﬂet@v}8§r§ Sei% ouiri‘ag tf[n§ %’1‘651?5 roWier el n
each successive aperture nenber, In thée axial difection e i on gulde,
has a dmmé bheumpprrdpenimgian 5t Nismatlebmah e miighttadsuesdfice.it i s al so concei vabl e

to configure the el ectrodes such that, upon assepbly, an "ion tunnel” with
subst ant i al |l95%’§ At berapprecified that e iegl%eﬁilé%ftr%af?n fon guidershoypjin - t he

funnel deg rﬁ£5idbé fisedQfith &Yﬁ%&%‘fypééi& Assta@fysdrb, dugh RO torsdxahfpld, Yrifogat ory for

each segnented aperture nenber to have an’individual central aperture
conpar ddight(T€)aberitrap.Sgrmrtie Beaoeriou Coclobob &esonabDes (1GR9 oaFeurdrso possi bl e,
and MOV s éjrlrr% Mags élt]e%tr%ra}l%&:r ?I?Pﬁfsl)cllt ga!.n also be used in hybrid mass spectrometers

where there are more than one mass resolving devices, for example a quadrupole filter and a

TOF analyser operating in the same apparatus (qTOF).

[0054] In one example, the ion guide is placed immediately upstream of the inlet of a
mass analyser, but other architectures can be used. For example, in some embodiments there are
more than one stage between the ion source and the mass analyser as exemplified in FIG. 1. Each
of these regions may have an ion guide and one or more of these guides may be configured
according to embodiments of the invention. Additionally, an ion guide according to embodiments
of the invention can also be used at the outlet of the mass analyser to guide the ions massing

through the mass analyser to other parts of the system, for instance, an ion detector.

[0055] In the embodiments described above, no DC bias voltage is applied to the ion
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ion transport and confinenent properties, where a certain nunber of

adj acent aperture nenbers, such as two adjacent aperture nenbers, has the
sanme central aperture size, as long as there is an overall gradient of
central aperture size along the row of aperture nenbers fromthe ion source
end to the mass anal yser end. Such designs are al so envisaged to be
enconpagydel lherefors, W spliresiectde pan/smpdsintegrated with dpmroyding 3@*@*% SN t he

el ectrogeg, ﬁﬁ? aﬁh%etl{dl&é?l Ln agﬁ%l @atc?ﬁlaft{zl gec‘ f?lteﬁ?lrom d P&q oG6E Qe 1 ar €

coupl ed”to povier sources’in pair I'C exanp own I'n
2A- C, f HUWeﬁre@ bﬁﬁdaﬁb@dlmeassﬁ e ereksehogetitam, the ulebtrmd@ak:ouﬂddah cse:grmtetdeahth

transfer plate is fornme four fins. .Such an enment is suitahle, for
use wi t HSYAUREBIAGHB) '@ §0 SpER Pa{gs@fhengue ol etyfen h@@&g@wta@ oK

FIG 1. oﬁihgfo%fg%ﬁ&e F! :;hfﬁtragpﬁgérﬁswlm%mfeah%@écﬁeéggfo@a ﬁlrﬁ@l-)@llla@q]s dd3idneg

opposi ng pairs:. own i n C, one RF pole is coupled to two
opposi ng sebteintPO (gef;hc(rit abeg Itledaxid Fhioadldw2 1y H§G artdie &ino B he larepﬁhfasl@dsth ithiet eagk RF

pol e 23 b 18 rees) is..coupl to th ot 05|ng
B ect r et b afibr B Sk 51 By Sl R R 0 it ot ARk anh PRoaRE T
protr U@O%sﬁﬂgﬁﬁs@é{{%gadcﬁeﬁﬁ@ Bgm Qﬂtdﬂﬁﬁtﬁgryadd iMsufl &t atb 380 kn fbeQﬁMM@ betoen

material, no DC bias is applied to the el ectrodes. 0052] is to be

not ed hhe &in A4 anchie rbaﬁlbéllate WSsThninawldtion plaigameht mede pf, éorc%@in@}i‘a punpi ng

openi n %géaﬂérggﬂwpmgn FIG 2A-C by way of (a practicable) exanple only.
For in R @ not be necessary for each space between two

nei ghbour i ng[ODBG]SWBﬂlE) il FIG 3raVoittbe fiay 2l (arpyhpvm g epatichgl @ltbe backpiat 365
nunber m ght_ al sQ suffi.ce.

I | fi, 0053] t sh ul d be e ted that the
enbodi meainsglatign 3P ihigis pet rehbiRd- {:‘?F qxﬂ@p ??éry %@afﬁﬁgﬂl &ﬁ ? marhipmedht
types %oxﬁﬁ%ﬁlcg?@sgibyégf SOndSURR rﬁa?terlzil But %%ﬂé fhe fT&t%d Qlfxe labd 310 TE that LN

Trap, Magneti ctor, lTon Cyclotron Resonance (ICR) Fourier Transform
Mass Sphe grovpet errtex(n’t‘eﬁ&eﬁ) fing betwam tledostradulsekst in ntayl:mmﬁ@l 1m%sll)smtb theolmdder s

where there a han. ane .nass reso V|n ces r _exa

Guadr upoTB ertiefePTonh 4 TeRng Al Sahe B sepaghy Homhed et IR e dud be
(ATOF) .attached to @084k pldle ORGNaNANMRI R, mitBEali 380, Bithdenibddhé eADUBIRS apslied
upstream of the inlet of a mass anal yser, but other ar chi t ect ur es can be

used. Rothefemisre a PG powresantsoRf. mihe tesishue-eappeisivepeavark FiCohle BCyes is
bet ween, t P % ?rﬂﬁ %g Al ﬁﬁt a?r@qnstuﬁ"a?edﬁrp 31%1 t@ngéc\f(s %te aéon%% ébll P?ﬁhlfﬂm%lf %n 1. Each

of thes® e And ese QUIdeS may

be co nfdl@‘ﬁfoﬁd a@%@pl@u m@tlie@aﬁﬁ@budpmtsSumé fchhﬁeatmgem pendopdelitial cordineynenan
i on gui de according to enbodi nents of the invention can also be used at the
outletiﬁﬁdthe mass anal yser to guide the ions massing through the mass

anal yser to ;}gﬁbA Pt e drtesﬂ)%d 62k D abh L dés@ﬁ%ﬁ%&ﬁ%g‘g@sﬂe ARscdet 66t are

[ 0055] In t nents SCri ed above, tage is applired to
t he i orapplied to adJacent electrodes to thereby produce the confinement field. In the example of FIG.

2A-C, only four identical electrodes are required to generate the quadrupolar confinement field.
In the examples described herein there is an axis of symmetry along the flow axis, that is, 360/4 =
90 degrees for the quadrupolar funnel of FIG. 2A-C. Rotating the device of FIG. 2B by 90
degrees, one reproduces the same mechanical device with an inverse phase RF voltage. If one
rotates the device of FIG. 2B by 360/2 = 180 degrees, one produces the same mechanical and
electrical symmetry. This rotation degree corresponds roughly with the angular region covered by
the arcuate cut in the fin aperture contour forming portion. The same principle can be applied to
other embodiments, for instance, 360/2=180 degrees for dipole having two electrodes and
360/8=45 degrees for an octopole with eight electrodes.

[0058] FIG. 4A-C illustrate an embodiment of the invention wherein the electrodes are

attached to a support plate. In this example the electrodes are not physically connected to each
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gui de. Therefore, the entire el ectrode can be made integrated with the
protrudi ng el enents, such as the fins, and the holder, such as the back
pl ate, being machined froma conductive naterial. However in other

enbodi mrents of the present invention the el ectrodes could be constructed
with insulating material in order to sustain a DC gradient (in volts/
bet ween°Rk bahi sk smbrdingspts the eleciedes gan gap%rgl.ecfpfi%?e@hiqﬂilqmapé@%aaw e,

enbodi : : j J t in DC

o o e Qe dHoSich bPASuLAL sibobHR s cfiBled af FEPUARSH OusHRAL 1, BT
t he backinplady ¢o BRDthir amdndinmesity descrobed| ahyes, 1380t edebrele@radphas a hdlderfintise 310
can be adhered to the ck. pl ate 305 ing i nsul ati adhesi ve 380. )

At er naltraity ek pREHGE R GHTHREOL 1980 ey ApEOTA Sa TR BEREB. £Ho Pluitg 10
and t heoibéiﬁil&n@l' Iﬁﬁrﬁail%gﬁoleél_ hes. 'h'i‘ﬁif:lb %%%&ﬂm@h@hﬁamnkﬁt |31|6@fis faﬁoﬁ&at@c} adHee,

pol yt etraf| uor oet hyl ene. 1 Wile in FIG all of the fins 310
are showl afzapteclactratch&be attachimentyzatc 406 sareb30Bdy indegralbutodhe backagate 40hi Ehe s

o ol o BHEBRen s TSR GrrioakRFioRR ORI O R Sy MRk, CRERIAL O g °™ °

fins 31Gingobslhars,jaysitustried g PLE. 4. AlKS, ebRd@icitpensf4600eniehweedin theatfat ks bntand
the last is machined integrally with the holder froma single block. The

nmi ssi ngPlpierddS sheh that, e theepegtiode isatfacked ta thosippertiplate ARR Biecipins Hfdnse

ttach { he: 2y : I i i : i.al . i

ambod e Tt KBRS Bl ey, LRl G R g B herko e
a resi sACyeC papacsduraee network R/IC. The DC bias is applied only to fins

that are insylated fromthe. back plate. .Conversely,. the.fins of one
el ectrode ark Ogﬁuﬁ%_ rteglqoﬁén%"ér‘?égﬁf’ 184 ‘éﬁtré@%fl%ﬁ(lérgéﬁ' ﬁfﬂ% odiment
pseudopgtShid é'l‘)lmlﬁf%@g foue tRAticdl leflBodes machide@ 301 a A5l ERIBIP fnd &N BT bl AM

the above description, opposite phase RF voltages are applied to adjacent
el ect r cdesnomaxihenddyyotptiguli spnmkey cond suck mechinkd eledtrodanSAhis ikustmatsden 61GFI G

2A-C, o f pur. ,i denti.cal el rodes ar uired to generate the

uadr upth-ioeR SfHeEREHETadEy 800 firie® B RalE it bEGuby o SR THEbS: 5 308 P an
axi s ofto SYdIHRAIT FinRIniBH of B Hak) Medvtiridus bhtalindsS.1 5 Peetn ThPburs @6 @eHiff@ent he
quadr upol ar funnel of FIG 2A-C. Rotating the device of FIG 2B by 90

degr eeproyding elsmediscdlow faecidigirat recerarpuwrpingiehicedeofiiodp Sehalspoempasesase RF
vol t age .0 Vi, C Hew | 21= ag one
pr odugéjém{aht ({s}g’ﬁé?lsﬁeﬁﬁglﬁ#ggﬁsq%ﬁ%’ g’l"@éﬁ {rgi t?%l g‘?&?ﬁﬁeﬁ?&% C%lhe'ﬁ iﬁér}%%ag ilg'ﬁ?h egree
cor r esppaciag, rshugh) biyd Widknesshe thaguklag 5 1egi-defireakerlib fyqichey elduwatieacbé in

the fin aperture contour form ng _portion. The sane principle can be applied
to ot heﬁaﬂ@h%m IRORTe Sipgde clepiEqdsn £ e anpstyrocongeyrderpiag Hortisn aaiﬂﬁcﬂﬁgalrﬁé@iq{g t Wo
el ectr : = M I

[0058] B SR & TS SP0h EESenRl (e BohBR pRdh hE K o SR Ll A R

el ect r adest e Aatatdamkasdon of the supperdut H2adereases dlbngsthe xawplf sicklee S&0,6b¢ romdes

are not ically connected to eac ot her, but..jn other enbqodi men t he
ol oot r bl et iEES an rg el Tor R GiroorBl wRigioey B FIET81 ng
adhesi \W@ePihe dBSih Bfvidis £ 8RRt SpertliReodbaf bh otdRsumdel Tl G 4A-C are
constructed simlarly to the other enbodi ments descri bed above, in that

each el ect r d0@6M s FEGhYh.dbe asspmbled fmnehisotlusirabedcwith thetlargagsntral opeuipal i ty of
fins 410 .as..el enents pr ot rudi t.herefr a lural [ty of tional
unpi ng i 1€ rSTER G PE ARGV ElaBe IETRL b ARSIl R iR R

f abri cathegtfedk, thogickivd 500 figactisibleaotthiotader thE1@! IBbhvetht 1 ppat eaddaut.arhebe
made integrally to the backq@late 405. The attachnent plate ma

y . ray be
f abri cdveddigreh revhel dckdend kinteabas te the Prbaren?> v reladisband %‘Pi&{}’éh&%@ usi ng
a bolt i i, Al : t i nat e
fromt ﬁeglzg‘{t/et tg%ﬁ%}wgs!r)lt?ﬁlfo %%Zﬁjﬁg% 1%:(1&165?11 Otéliﬁé)tn éré\/\ﬁgsng%e Icg%ttrgdo eosl'%:i‘cfl Osgtg (%?;c hed to
t he suppovden pivabdjad8 sickkes Pil O $n the @threm yow uinahiis omnasr, Ukety sssemblyadfithg t he
electrogg i Eﬁﬁ gro er orientation and al so serve to cog I? to gn C/ DC
power  Slsgiredes 200, Eaual jryeing e Ryesp1iRs PIARD SEIRIIE ABFTW RO mep By fout
i 11 ust igh18fhrisiekids 610500 8h alicpa@las) %:5%956@'&(@1‘%‘[%@. 1€ QRO 8€8preMhted dent i cal
el ectrodes machined froma solid bl ock and ‘assenbl ed around a comon axis
under howavérothat the gentesdrarran@reersus hotrsradtiyrmeehdalaeyt OibdesBomgs sreidljoust r at ed
in FIG B5A Each of the four electrodes 500 conprises a holder in the form
of two narrow bars 505. Due to the smabl dinension of the bars, the various
openi ngs 515 between the bars and the different protruding elenents allow
for efficient vacuum punpi ng. The el ectrode 500 al so conprises a plurality
of protruding elenments which, owing to their shape, can be called "sickles"
510. The spaci ng, shape, and thickness of the sickles 510 co-define the
radio frequency field and can be easily build into one single electrode.

—— oy o - o o - o, " - Y o a7



[0060] In FIG 5B, the assenbled funnel is illustrated with the |arge
central opening facing the reader, that is, showing the side that wll be
assenbl ed facing the ion source. Therefore, the sickles 510 fully visible
to the reader in FIG 5B have the largest radius cut. The two adjacent rows
of sickles 510 attached to the two bars 505 are parallel and axially

shi f t ed°e6Fiyablge to each other such that a sickle 510 in one rowis
generally ce -z j i Lh the
othor row 1 WOBEf RG] ASTARRAE G E) BRI RuB BRCRE b e LD

spaci nggdpstsee datvidee thal differeaecpopntatidg ajoklet Gi @ arvesaiadesthho invehd pbgyiduely

Chout o BESey Uit bbbt ori-C Farxehaec i Foh A raligs vakire B

strictly,AendatR e rd dqﬁé%%ﬁi@}f.&d}ﬂﬁeﬁireﬁt 8189 Wlﬁﬁf‘iﬁﬁjréf@éﬁ,!tﬁe efficiency bP@61] From

the illustration of FIG I's apparent that, in this enbodinent, the

gaps 56@nbietmestrantiredutics foarlesst Of oopes, athienghsdstg ths gbf dinsgnsionritiiusirbet han i n
t he previousl resent.ed .enbodi ts of FIG, 2A for anpl.e. .The snal |l er
the bapdand d B aRdNET SR Ro TehsSn s s uil s vt o Rkt rillerasnt

fiel ds, thelhgehniy B, @xfatibh e ftel gtiafinebd O shARrC@BT SN RaddBEad BEUIGARg | ON

|l oss. O course, when choosing the gap dinension it nust be ensured that
t he el e@gteriglavhichsillithe Ban- bet ween the assenbl ed el ectrodes 500 is not at

risk. As the i i I ot
shown) nmade @?a§§“?%§ﬂ$§F?ﬁg@§§ e?%g¥ 3%.gﬁngﬁﬁ#gﬁﬁgﬁgﬁgé?ﬁﬁgﬁﬁmﬁié%az] The
four elfeatregtat 9lidedtical parebes,ablkiesrsaohnad edevdes B23.hes bedee] the dburdbapealof
features, that is, identical, K bars 505, sjckles 510 _.and reces e;gBZS. As

bef or e, ledOdPHIAN0 FraareMbMd witlkEspesd &3 ths detuies ohak lipeaticliF aier BB to the
feat ur agafiede ELBESNI o PhEGIkARd SUABILNRI AIRIDERCADE 15Ukt FRmDLR Of

t he assenbl ed el ectrodes form pl ane segnented "aperture nenbers (formnmed by

t he coplfaned byitbk bepldnal aidklk™plades D vath anrppetturedof mn trapsfet, vdrsdireachnher ei n
each successive égﬁrtur nenberk BS an axi a dih%ptiﬁg .h%i a snmaller

aper t ur¥THSYRHFATERGHGIES 11 an axipy §§FO% a5 A SMBHE S 8 a5¢HHEd above,
the apert ur goges)tiatdic SRbdHiMENE AEIHBES alidvie, the WBeriB6 @SB ar ﬁo%iﬂgbc@ﬂi&%rall\/\m ds
concave) characteristics. However, this not mandatory. FIG 6, 7 and 8 show

pr ot r udiang reseesee fersin oker wozds eongdivsd gharagieristicat i@wveveavhisaopmagédoyok1G.rp, 7

ot her I ny. .characterd stic aper n r r.mn r{jon

Bl G o G REENaiGE IRERE tha o AR b HIch nERE Bitberl R b OBRERENSE i ng
el ementcdn6e) chiravbiisiiv dseipgiing coesantirgiidworeos RIG. 6 fohexkee,shoekin The
hockey stick contour facing the ion optical axis, in ﬁarticular,

] i's
char actedhosgaem pf pr slegtiords tH9ehs pepsvding dmentyeld off whichreughbhiamblethg end
possi blgg at‘ﬂoa?e?'spé?’. h¥e %BP&:)"psgileg l:&ﬁ&ﬁrf}%ng hansH .ogH&JP afR, i%r rtf @i f rom

cross sections-of some nult rods 1n the prior art. e protruding
el ementcharat@rired bihies enbabnase devad ofFedges. 7n thin nidneenithepodsdnelto ealideer t ake

the formo n angl ed bracket. The central aperture that is created .upon
assenpityPpole eEPFefaRaurT b1 orEREEET SHBLoRS St ql o v GeiR g e
gener aldir BASTIR HEHadiRg SRARG!s 78 RSN NBRLITIOPE @ thB StHRPEKRY rathdrcks or
angl ed brackets, created upon assenbly, again are favourably of small size

and t hdaksftbe foral ofowy angleddrackeh dhe konttrd eperoure tREIscsertéheprarmssimbly @f 8 getiain

creat ed. he li,st of enhodi ne i,t h ot he han concave erture..contour
orat poumberoteiusies SRBANTEL IS, Mlrsl PRy B s B RS, TRE bl Gorf Gl o f o

assenblcydpaparoiotkeNaidis of angdédbrackds R Rla%edibdn afscadtyl aghciré fFeu@bResfal | y
take the sinmple formof "circular arcs". Here, the inner_ wi dth generally

has a smaPewsiaadihaseiapseallony fon a ratberhnmpgeneats fasondinemeshiidiéo baereaiedt Hr
assenb lh@fjof MboAith s (xf?thtol?ﬁaer %Jﬁeggn%}giap%qlgrﬁtcgﬁ{oﬁp Yoﬁ%ﬁdﬁiUﬁ@al@in‘c%eg fnel .

However, 1t 1s to be appreciate
design shown in FIG. 8 (here shown after assembly) wherein the protruding elements 8§10 of each

electrode generally take the simple form of “circular arcs”. Here, the inner width generally has a
trapezoidal shape which, as shown, can narrow from one end of the assembled ion guide to the

other end, and thereby constitute an ion funnel. However, it is to be appreciated that with all
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designs illustrated by way of exanple also ion tunnels with constant
aperture can be realized. [0064] FIG 9 shows an exenpl ary nass
spectroneter arrangenent that resenbles that illustrated in FIG 1 but has
incorporated an ion guide (or ion funnel in this case) according to

enbodi nents of the invention. Were appropriate, like elenents in FIG 1

and FI Giesggnarﬂéu%@@a{awydofﬁxmplq 3k QD HenslsovitireRnsiet srsriare sanderstlizsdi ng
d t
doscr DL 01 [RBMPR] nbRe oL BPRRNER! Bedlnd TOLBIEN SRR R FLS 0,

10 i s eitiuassed byF1&. dasit hhionwcgpoiadgndyh gaide (0120 furai] il thmwasd) atcoadibgttd er
channel | i

f fl f t hanb A | | ed
{1 ow oG BA PR O BT UARHO nIhGI,PBSYH e I HPaAgh Sy MO CHDRR ng ©ne
| ons. t haQkhreki e Rl @RIGAfhHOR, the o RAUE B Rpvh &SR dAGhPalRtd-RL

gradient 1's established between the iarge aperture end and the snal
apert urmtbﬂdnpiﬁmtmncbrunfﬂ(}. 9 compare[d(lO@&] inQppositatentdfd6xit of the i nI et

capillary 10 n funn assenbl acco dln toe ts of the

i nvention. iﬂgﬁh ﬁeﬁgﬁlplﬁw 1IQd§/8ncgsec?ﬁkQ' ﬁ ﬁg?teaﬁl(??vé for
cont ai nébét%bhﬁh@ﬁﬁl@%@@ﬁs ﬂa‘)wy\ﬁi 168 e adluen Qmamao eAJ clddlr{déllé’cﬂg@f‘@b\@ﬁlalyn t he
pI anar view of FIG The i on guide according to enbodi nents of the

i nvent i BYiraisions ﬁ@ﬁthﬁfbﬁ Prevade RerIVigE f@g@@raiﬂéﬂwbg iqnsdhrongh He fapralt ure
cont our, Laf 14 ng iR g&ﬁlﬁﬁﬂf V\}hQn 48 lﬁ({)cﬁ&t}/al %e dfern? %tés{é%h%%%{wée%'lﬁé"ﬁ n%enaﬁ)er ure

stackedarrl ng 1an Cross-w se

(known érrdomtinhﬂ imqibdq&rﬂumjerﬁl&ﬁem)fumsl) In this enbodi ment, the RF generator
22 is Iocated out si de t{h vacuumre From t here Ieads are gui ded
through a val@f6eh PPrRasits theritrod dhe in 6@@%@1%965 iheaon fynael saeriind asperdiae 30.

[ 0067] t%%b%@ﬂﬁé?&@&ﬁh@fnv%ﬂ@od‘%@' Mnhélrlﬂ?%pﬁavte*&ec} Slé!r Ei@sl%rﬁgrﬁf t‘ﬂ%x‘%@or& 0

enbodi nents of the invention is that anot |poe|on ide (in FIG 9
desi g natoaunmfoﬁec)le@wdeb ef whrchtted aet ddsfwa‘ed |W1the2fkjandf 2& ingh¢ plandruneve lof Fihe

ddit | t | 38 Lth.t t t
of Re vbiitaguseuldhandine b S Bran oL HEReHELe bpartd st ot Aafebhat "
hybri d- g%ii toQRe Apenmed co‘il@bdr Hr&tmlta% §61Qi%§1 i z{rﬁeﬁéélly ArtrftinBmdnhel o 'ﬁ%’fn§

bet ween e ion funnel CEOSI te e inlet capillary 10 and the ion guide
28. | n stasked riag ey guidasy ai @éﬂlﬁéa@né@wa heropewiseananaer (kaawniframmaléndleon

gui de t ?Bss%ml%hgs r Inctﬁls cf%lerﬁ)gimenm tlzag r%% 21’2(:"‘5i P Iat%g ou%{'de tﬁg %a #\nt herrnore,

t he adcfl i ona

i nsul atreginer Ffdncfhem aéaastiﬁ g’mﬁdddhﬁrdugh ewﬁanﬁn pﬁismm fEé‘[BtHrd)ligEhtlntbaﬁblﬁﬂgt
chanmber 30 and the second vacuum chanber 32 for |ateral gas punping. The
smal | ervatswgla%m $ad- on the second vacuum chanber 32 can be kept, the

better. 73%%} ad'\_—filrﬁag %bo dl th@H)r gﬁ‘i&f acBOM; Bgelnfo%td{rﬁgﬁs for

an ion QUId ng to he I nvention ca bri cat ed
and putofithst mvcrﬂ@nlmt}mnanother multlpole ion gulde (m FIG. 9 designated as 28) can be located

at the exit end of the ion funnel. The additional multipole ion guide 28 is supplied with the
same phase pattern of RF voltages as the ultimate plane segmented aperture member of the
hybrid-wired ion funnel so that a smooth transition of RF fields exists between the ion funnel
opposite the inlet capillary 10 and the ion guide 28. In this manner, any interference with the
flow of ions from one ion guide to the other can be minimized thereby reducing ion loss.
Furthermore, the additional ion guide 28 provides for more space upstream of the insulated
orifice plate 50 at the interface between the first vacuum chamber 30 and the second vacuum
chamber 32 for lateral gas pumping. The smaller the gas load on the second vacuum chamber
32 can be kept, the better.

[0068] FIG. 10 shows a flow diagram of how an electrode for an ion guide

according to embodiments of the invention can be fabricated and put into use in an
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el ectrode assenbly constituting an ion guide. 100691 As can be
appreci ated fromthe above description, enbodi nents of the invention enable
a rather easy manufacturing, since the four electrodes are identical. The
device can also be mniaturized and the electrical connection can be nade
easy, since the nunber of connectiaons nerely corresponds to the polarity of
t he i onclgtirqgs asse SsHBIng ABOBEYdadr upol ar i on guide, six for a

hexapol ar i ofpogyj A¢ caxler%e?%rc{cﬂétg@fro&hﬂ@aﬂdw '_iiﬁéecq Bbn CABRIGHERS ?f f{Pjﬁ%%ﬁBlil ng

el ectrode as i s known e prior art. onstruction o e 1 on guide
pr ovi desnableexialiict edsy manufdveurthes sigee e fourelecadiles dre epnecadyTlid ddvike day aksorbpl vy

shapi ng t he f.eature f the protruding elenents, .that is,, thickness,

Spaci NPT FeCREdhe oS ORREHOn BB MEh e HITCR R PHELBYCOTRTHES

el enent geleccrtdspGiiRGo RIpoTRAF of 1heq&H Ahide, lsBclt RefolPFR @ quadiBoRF RAI R&dSBRCI NY
and positioning of the plane segnented aperture nenbers is assured.

Fur t herfor phexapdbs igmguids dtc. rrethBChan éldividia kgnndsgon encagb amgaldctroilagd ide t he

i on guide, ial.ion pro ation m facilitate or., exanpke, b gas
£ ow v el S BEC R EsgRe e i e AbFRes B FET LS dn F27h
the i onhseadi€ Geqicdey field, BWsipipy Shipeng tBE fefurad oft the petdMmmdsior ganegs, deat i, or
exanpl e facing the nass anal yser. The gaps between the segnents of the

pl ane sBikaeisctagiperandrecase AbRiHse sire aWse: since pB of fheguptrpdiag plgmests agrong t he

differ Eflac RIS Smhﬁéjm%g?ﬁf %)O[Hg ﬁolder, t éa ré&gegsg)%lcih ia%{l} Eoﬁmﬁg% QPME?SI gSCr i bed

above, a quadrupolar i1-on’ guide IS cri I'sS constructed by
mac hi nisegmentodapersira gleenbetsas kssofednBtuehidrathisadesighectdsateD Criteddyalahg thevibh h t he

feature, that is, fins in this exanple, that, together with conplenentary
fins of ceBHAEReie dheion %&siﬁféa@@,on@aqulﬁ%mﬁhée ?"’&&i%te?ﬂ% 9%t @Sand

shape tfigy GBH ﬂh@hig@&%&&ﬂfe‘%?%n Pei PR d8e, [TNSnPANBEIEGEL RA sbirce! BRhE
and i nexpensi ve; however, iT should be appreciated that the el ectrodes need

not be lpwghéssew regive g tht ddwaktrdant side, gorgxanpilacimgdhempass analydert hhe gatse

pr ot r udi el enent s can. be manuf act ur.ed separ at el nd.then attach to a

ol der TR Ba Rep BB et e EE Y (B R REPRERL o

el ect r oglesmg thd@iffeRdht GstbABlALRIAHEY t 0 enbodi nents of the invention can be

made with nore el ectrodes, for instance, six for a hexapol e, eiq%g for an
e

oct opol e, etlB07Ndp wenbodimente dessribetbakpye ct qundaunsiasden aeide & dog | 8ichand

pr ot r ugj . i i . f . [ C
onduott S FUALE B mBh S P ah Al BB EoPLRNHE B ARKRL (RREENER e ¢ o1,
a si nglfeatpicethat Bf findisuhiatkagplepthet, taplethehivith compldmegntadine df worhplementary
conductive terial, Favourably only at the aperture contour formn

porti oﬁée%mggsece-ﬁéﬁwm radio) rerieagy fi5lcand s g contra apetfuse ol fheipn gHBeH d be

under stig@dednligtictRnas & éaﬂﬁﬁei&ﬁ'ﬁi%ﬂ%%v@@%%b&%é%e%gg&%ﬁtéﬁrtﬁ?ﬂ% electrodes

inherently related to any particul ar apparatus an e I nplemented by
any suintabhe beondshietliioegafedovitipte enotsudikelcments, andrthauke prppedingfelaemes al

DUt D0 AR et oBI R SR D p S0 AB0ES, KA. WG, ESENLNAS. OS5t oed
t o per fagembiNshowat QS csthpiss d8F Dl dcRedeN Ble8bA guide according to embodiments of the
invention can be made with more electrodes, for instance, six for a hexapole, eight for an
octopole, etc. Moreover, while in the described embodiments the holder and protruding elements
are machined from a single block of electrically conductive material, such as metal, they may
also instead be machined from a single piece of insulating material which is then coated with a
conductive material, Favourably only at the aperture contour forming portions where the RF
fields need to be created.
[0071] 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
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[0072] The present invention has been described in relation to particular

exanpl es, which are intended in all respects to be illustrative rather than
restrictive. Those skilled in the art will appreciate that many different
conbi nati ons of hardware, software, and firmnare wi |1 be suitable for
practicing the pr esent i nvention. Moreover, other | ement ati ons of the

i nvent i #sowanee Wih Hisdarcdingsdssarived betsi. 1y gy #lpo pmea 1anf3esITIOFONBICht i on
of the [ isclosed herein. It is
i nt ende%)%t(é %g%éfeﬁ%b‘%g‘é?? F@é@?%{ﬁqgeﬁgg%itg&q ghg%rlllgl dered as exenplary
only, w th aj0072llscppenaimtestpn has boén deh;enbmerrelamm toepantjeuilarcixempled, by t he
fol |l ow nsicgl ai rs 0 frequ ion ﬁqm de

Al 1. A
pluralit @reellnéﬁéfi?gﬁ’e%fvr%&?@ﬁ t8r dl Urafecat H N ‘Hb"ea?h?S@gsg’cl gﬁ% ow of
el ement g %19515;51‘9&15&9 it ‘EHQn? VRl 88 confAtiofd of NBARAR! JotdiAd o8l FRMaR  at a

distal end, having an elettrically conductive aperture contour fornmng
porti onwllhbﬂjsmtah}edhlama@muﬁgﬂrhe pssentihvangion Weloedower, pthde snglomehiationsgoigha f

Cegmont BACHRERTD e eRar e eachllsh i HE i roBI BT e Eomavi ng a

pluralidng p?ﬁctice%ﬂH@tlhﬂﬁlt@ﬁl@?scl&@cﬁh&gmbﬁtly\ﬁl@éhdé@ﬂﬁ@ﬂl@tsbélﬁﬁ&ft@hraﬂd| ng
el enments, and a central aperture defined by cooperating aperture contour

f or ni ngexgmp@qs&ﬁg:ongderw]@s PeMRUY dalyacdradirirgseenpe anchsniitiof thparventien i n each
of the &1 %I CE% %tﬁé Al %e am?ﬁ di rensi on of the aperture contour formng
portion erren el enent along the at | east one row of

pr ot r udi ng eI errents, so that, when the rows of protruding elenents of the
plurality of electrodes cooperate, a dinmension of the central aperture
general ly decreases along the row of segnmented aperture nenbers.
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3. The ion guide according to any one of clainms 1 or 2, wherein each

el ectrode at one end conprises an attachnent plate, via which the each

el ectrode is coupled to a support plate. 4. The ion guide according to any
one of clainms 1 to 3, wherein in each of the plurality of electrodes the
hol der conprises a plurality of punping apertures there-through. 5. The ion
gui de according to any one of cl ai ns @b % wherein each row of pr ot rudi ng
el enents conprises a first protruding elenment, a |ast protruding el ement,
and a group of intermediate protruding el ements, and wherein in each of the
pl ural ity lof Aehdiotfregdesytitre gindt,dempaischgat | east the group of internedi ate

protrudi ng ele Is are chi ned | ntegral froma single piece of
conduct i ve @9@@5}/ ofcigetope, Peobihe § C%{eé%rh&mg o g ﬁ?@,o?ﬁﬁme@fsn the
first protr Ufﬁ'oﬂgdi%k SR, héliagr, Eha éﬁl%ﬁé pMﬂan‘é@'lé?ﬂerﬂﬁ AR BstaR bR, 'E%Giﬁ?!&hc ally

attached to, and electrically insulated from the holder and supplied with

radi o frequeslestrieally ahindegiveapentwncopiotiefringigsposéprmade from radi o frequency
and direct current.potentials. appli.ed to othe r ot.r udi el.ements. 7. The
"on gut de. ackBearRiTE B A TimERRe QRdigs © BN Tirardhih e SRR Soqrtraie

plurality oftoehgshiedes suishtipllypRhé tapn@intdar Pleftudi enbdrs,Bach 6f e Se@hémaped
in tw parallel rows on the holder, wherein one rowis shifted spatially in

an axi al di raettiennenben baviag athualyy of inpylatige eresiesated befweercoapraiing
| ocated acro . t ' Stid 0 row. 8.
The ion gui d%%tar@%lgggfeg%eg bg%e%lcé% l %E%&Wﬁ%ggggﬁum%&g reerrcg)ﬁ s%in one
row are centfoedirgqoosest he space between two protruding elements in the
ot her row.
2. The ion guide according to claim 1, wherein, in each of the plurality of electrodes, a
dimension of the aperture contour forming portion changes from element to element along
the at least one row of protruding elements, so that, when the rows of protruding elements

of the plurality of electrodes cooperate, a dimension of the central aperture generally

decreases along the row of segmented aperture members.

3. The ion guide according to any one of claims 1 or 2, wherein each electrode at one end

comprises an attachment plate, via which the each electrode is coupled to a support plate.

4. The ion guide according to any one of claims 1 to 3, wherein in each of the plurality of

electrodes the holder comprises a plurality of pumping apertures there-through.

5. The ion guide according to any one of claims 1 to 4, wherein each row of protruding
elements comprises a first protruding element, a last protruding element, and a group of
intermediate protruding elements, and wherein in each of the plurality of electrodes the
holder and at least the group of intermediate protruding elements are machined

integrally from a single piece of conductive material.
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9. The ion guide according to any one of clains 1 to 8, wherein the
protrudi ng el enments of each segnented aperture nenber cooperate to form
opposi ng pairs, the opposing pairs being configured to receive different
phases of a radio frequency potential. 10. The ion guide according to any
one of clains 1 to wherein the protruding el enents of the segnented

9
aperture enbig wnguuleagperdmgtp slaiy Samhgieanths fev@reirudinmelamant adihe gt t he

row, each pr 1 ' d eivi ng a
i Tt eront proeiEhR R G R DR SRR o RRBEE TE A FSRE o o

I n adj acent sederemnt edpiedrtith @divefidagescyadndghedt ¢dienepstttiald Separblefroan gui de
according to any.one of clains 1 to 10,,mher?in th el ectrodes are

i denti cal an@dRsEpENEPdBiFRbcur bR aoMplied & pler RIRIdiRg el medtsat i onal
symmetry. 12. An apparatus for perform ng mass spectrometry conprising: an

I on source; a mass anal yser; and
7. The ion guide according to any one of claims 1 to 6, wherein, in each of the plurality of

electrodes, the plurality of protruding elements are arranged in two parallel rows on the
holder, wherein one row is shifted spatially in an axial direction, such that the protruding
elements in one row are located across a space between two protruding elements in the

other row.

8. The ion guide according to claim 7, wherein the protruding elements in one row are

centred across the space between two protruding elements in the other row.

9. The ion guide according to any one of claims 1 to 8, wherein the protruding elements of
each segmented aperture member cooperate to form opposing pairs, the opposing pairs

being configured to receive different phases of a radio frequency potential.

10. The ion guide according to any one of claims 1 to 9, wherein the protruding elements of
the segmented aperture members are substantially aligned along a common axis along
the row, each protruding element in one segmented aperture member receiving a
different phase of radio frequency potential than the protruding elements in adjacent

segmented aperture members aligned therewith.

11. The ion guide according to any one of claims 1 to 10, wherein all electrodes are identical

and assembled around a common longitudinal axis with rotational symmetry.

18



an ion guide according to any one of the clains 1 to 11, the ion guide
having an inlet end coupled to the ion source and an outlet end coupled to
t he mass anal yser, and being configured for guiding ions fromthe ion
source to the nass anal yser, wherein the ion source is nmaintained at a
pressure higher than the nmass analyser. 13. An electrode for a radio
frequency l2efAngapdatus Egsioaniig: mass spgcometry samRripngr al i ty of protrudi ng
el ements extgpding ip at |east two adjacent rows fromthe hol der, each of
the rows having a FiFst protrudi ng el enent, a last protruding elenent, and
a group of iatmessmdiate apd ot rudi ng el ements and each of the protruding

el enments, at a distal end, has an electrjcally conductive agperture contour
form ng port#bivn 2xils ARFLFEEHC fRRORHPIIEF ClaHms é%’o bdhg lomgéud@ff@uﬁlgcﬂn inlet end

i ntermedi at e s1 Ghi ' I Lngl e

pi ece of con%u gﬁJggﬁgggségﬁ?Q%ﬁégg Eﬂgﬁggﬁﬁ%:JB?%QQ?%fﬁﬁiéegaﬁéﬁiﬁg, in
each row, t henflignst fpr gitidindiiowg fedne thenibn sodree toathe nEsoanalen gvier@mgiet ionand

t he group of internediate grotrudi El%ggp%s toget er with the holder are
machi ned i nt OYFSIF PAVIRFLASA RrgT r%ﬁg & R LE AT I frat eri al . 15. The

el ectrode of claim 13, wherein the first protruding elenment and the |ast
protrudin% el ement are nmechanical ly attached to, but electrically insulated
from the lRofdelectrad: foTheadip Egtuands (of guidy comerisihgel aims 13 to 15, wherein
t he protrudiggﬂgggggpts have the shape of fins, and the aperture contour
formng portion ié a recessed outer contour portion at a distal end of the
fins. a plurality of protruding elements extending in at least two adjacent rows from the

holder, each of the rows having a first protruding element, a last protruding element, and
a group of intermediate protruding elements and each of the protruding elements, at a
distal end, has an electrically conductive aperture contour forming portion, and wherein
the holder and at least the group of intermediate protruding elements are machined

integrally from a single piece of conductive material.
14. The electrode of claim 13, wherein, in each row, the first protruding element, the last
protruding element, and the group of intermediate protruding elements together with the

holder are machined integrally from a single piece of conductive material.

15. The electrode of claim 13, wherein the first protruding element and the last protruding

element are mechanically attached to, but electrically insulated from, the holder.

16. The electrode of any one of claims 13 to 15, wherein the protruding elements have the
shape of fins, and the aperture contour forming portion is a recessed outer contour
portion at a distal end of the fins.

17. The electrode of any one of claims 13 to 16, wherein the holder is a back plate.

18. The electrode of claim 17, wherein the back plate comprises a plurality of pumping

apertures.
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17. The el ectrode of any one of clainms 13 to 16, wherein the holder is a
back plate. 18. The electrode of claim 17, wherein the back plate conprises
a plurality of punping apertures. 19. The el ectrode of any one of clains
13 to 18, wherein the plurality of protruding elenents is surface treated
to provide chem cal resjstance, . . . )

19. The electrode of any one of claims 13 to 18, wherein the plurality of protruding ¢lements

is surface treated to provide chemical resistance.
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