1 SYSTEM AND METHOD TO ELI M NATE RADI O FREQUENCY COUPLI NG BETWEEN
COVPONENTS | N MASS SPECTROVETERS FI ELD [ 1] Enbodi nents of the invention
relate to mass spectroneters. In particular, enbodi nents of the invention
relate to a radi o frequency conponent fgr use in a nass spectroneter.
Background [2] In mass spectronetry, nmultiple radio frequency ("RF")
conponents may be used. Exanples of radio frequency conponents used in a
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addition, adjacent RF components used in mass spectrometers are particularly prone to RF

coupling because of the use of high power RF signals.

[03] One solution to reduce RF coupling between components includes rotating the RF
components along a shared central axis with respect to one another to minimise the RF
coupling between the components. But, this solution degrades the performance of a mass
spectrometer because rotating the components with respect to each other creates a mismatch
between the exit ion pattern of the first RF component and the entrance acceptance field of the
second RF component.

[04] Another solution is to use high voltage, physically attached capacitors between the two
adjacent RF components. The high voltage, physically attached capacitors aid in the
suppression of the RF coupling between the RF components. However, inconsistencies
between the high voltage, physically attached capacitors because of manufacturing tolerances
limit the effectiveness of this solution. These inconsistencies in the values of capacitors result
in the high voltage, physically attached capacitors not properly reducing the RF coupling as

desired. Moreover, changes in capacitance as a result of temperature variations and other



2 operating conditions of a mass spectroneter also reduce the effectiveness
of high voltage, physically attached capacitors effectiveness at reducing
RF coupling between conponents. O her problens with using high voltage,
physi cal ly attached capacitors between RF conponents to reduce RF coupling
bet ween the conponents include how to nount and connect the capacitors in
the mass spectroneter w thout negatively changing ion flow or other
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aspect SPTPREYNY esent i nvention, there is provi ded a nmass spectroneter
conprising a first radi o frequency conponent; and a second radi o frequency
corrponer%“ fcent to said first radio frequency conponent, said second
radi o freguency [eQARRRBEN thD BMsBE iNEnBbE GhEOdepB¥ided a rallo Tﬁ}é&ﬁen‘éy%ﬂnﬁ%n‘f“ th
a portionof said first radio frequency conponent to reduce external

per t ur b&er usasn emassspgcromster isaldbaibied ebheanadip foagpagyespmpongi]inglndes at hi rd

o oes. t A0S RRER Rl BB of FRRR0LT IO EhaReaT RO dug G

spect r oBRli& chafiidl Gvitieh HHRIGQNTEI dfBlddeof&s Irf AdINidig edehf dfitd pluaditPof dleArRBE Y
conmponent having one or  nore el ectrode extensions proximate to a second
radi o f iscRpieH wammm@ﬁg clegada aeaess dhagsniagpterdenst ang deqtiods pair has an

F eauen o APl on a0 LAEEO Bl LREL 1 SEGNBAGY cGRTRANAREH SR T8
perturbations on said secon requency conponen{ corresponding td signals
appl i edatportiai of afpré€inateagdéedrolle e eswoyd catip fequincy aotipoment.i guri ng sai d one
or nore (gec rode extensi ong of said first radio frequency conponent to
over | apl® | @hdpecand,asnerig B Pressd INEREMY “i‘%%lisd’rf’Ylé&fg%H@?S PSRBORERE such

t hat saj L i i i re
reduced h&’m 8] 11&%5 %g%t Ir%eigtf %%%ﬁgg%ég va%taglggssg%éﬂdggngigm nt g o?ﬁjta hee@tpr esent
i nvent i adjagink to tagd Bppradentfreducoay tdepaeot spdisgiond raltiawiengscardmpowmt t he

detail egavqgg & Iel%}:tll‘(%g: eg(pe%tsio];l(%ﬂxe{t%\\l/\grlaps?\’vith a portion of said first radio frequency

component to reduce external perturbations on said first radio frequency component.

[07] In athird aspect of the present invention, there is provided a method for reducing cross
talk between adjacent radio frequency components in a mass spectrometer, said method
comprising positioning a first radio frequency component having one or more electrode
extensions proximate to a second radio frequency component such that coupling between said
first radio frequency component and said second radio frequency component creates
perturbations on said second frequency component corresponding to signals applied to said
first radio frequency component, and configuring said one or more electrode extensions of said
first radio frequency component to overlap at least a portion of said second radio frequency
component such that said perturbations on said second radio frequency component are reduced.
[08]  Other features and advantages of embodiments of the present invention will be apparent

from the accompanying drawings and from the detailed description that follows.



Brief description of the drawings [9] Enbodi nents of the present invention
are illustrated, by way of exanple and not |[imtation, in the figures of

t he acconpanying drawi ngs, in which like references indicate simlar

el ements and in which: [10] Figure 1 iklustrates a bl ock di agram of
conponents in a mass spectroneter including a radi o frequency conponent
according to an enbodinent; [11] Figure 2 illustrates an RF conponent

accor di .10, an.enbod] in tandem wi t h anot her RF conponent; [12]
Fi gure ‘?fqeﬁgﬁlpté?%gf'g‘%%ﬁ%’%snent of an el ectrode extension having an
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el ectrode extensi on _having a cylindrical shape; Figure 3Cillustrates
an enbodimigionei thafigires of e eceomnpansingslrdvainih dgn whichgkeaelerpaiceshindicale1 5]

Fi gure %hhh&H§%ﬁéﬁ§%1 nQ%H@? frequency conponent according to an enbodi nent
having a curvature adjacent 'to a second radi o frequency conponent; and
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adj ace ntrac{ig1 %riegugnrcg %gglggl%/en(t: ggc%(r)c?igg Eosari enmt?odrirr?lgrslt; spectrometer.
[11] Figure 2 illustrates an RF component according to an embodiment in tandem with
another RF component;
[12] Figure 3A illustrates an embodiment of an electrode extension having an rectangular
cuboid shape;
[13] Figure 3B illustrates an embodiment of an electrode extension having a cylindrical
shape;
[14] Figure 3C illustrates an embodiment of an electrode extension having a tapered height;
[15] Figure 4 illustrates a radio frequency component according to an embodiment having a
curvature adjacent to a second radio frequency component; and

[16] Figure 5 is a flow diagram for a method of reducing cross talk between adjacent radio

frequency components in a mass spectrometer.

Detailed description

[17] Embodiments of a radio frequency (“RF”) component for use in a mass spectrometer
are described. In particular, a radio frequency component is described that includes an
electrode extension designed to overlap a portion of an adjacent RF component. The electrode
extension provides a reduction in external perturbations on the adjacent RF component as a
result of RF coupling between the two RF components. Examples of RF components used in a
mass spectrometer include, but are not limited to, ion guides, mass filters, ion traps and other
RF components known in the art.

[18] Reducing RF coupling or cross talk between adjacent RF components increases the
performance of the RF components. This in turn, increases the performance and accuracy of
the mass spectrometer. For example, the presence of external perturbations from adjacent RF
components results in the characteristics of the RF components deviating from the desired
characteristics. One particular example includes a mass filter tuned to pass a specific range of
ions having a certain mass-to-charge ratio (“m/z”). Because of the small difference in m/z
between sample ions, changes in the RF and/or direct current (“DC”) voltages on a mass filter

result in ions passing through the filter that are not desired. Conversely, sample ions that are



Det ai | ed description [17] Enmbodi nents of a radio frequency ("RF")
conponent for use in a nass spectroneter are described. In particular, a
radi o frequency conponent is described that includes an el ectrode extension
designed to overlap a portion of an adjgcent RF conponent. The el ectrode
extension provides a reduction in external perturbations on the adjacent RF
conponent as a result of RF coupling between the two RF conponents.

Exanpl esdesifredRo passhesughtise maediliad niayrteSHtcsqbait s aeésatt of ohdngdein theRFar e not
limted tqQ, ion glui des, mass filters, ion traps and other RF conmponents
known i rindfes D yoltages. 75 sugl dadt thePREONEBLIVInEANF e Erode §XiensiRn fueVselap with

ad acentan%jagw&ﬂﬁﬁodeﬂwo%m, t%t}ﬁingﬁfsg,clfr'@@g&ﬁ 1?{6131 RERE ccRmenents. This
in turn, increases the performance and accuracy Bf “the mass spectroneter.
For exarpsiterbatibes fooresdjacent®E extmmeaats opemises Batpeoiosminrco mf ddj RE eorhpdifents.
conpone results.in the characteristics of the RF co nents deyiatin
{rom t hd! Gles e diliuafi A e acena! a4 ceredpmeies (i GTTAEH t bed ek
filter tanadedpRRES For SRAGIL, ke MBNAPeQforhQASMBRANE A BnderE Mdsdsflctrometer,
mass-to-charge ratio ("mz"). Because of the snmall difference in nmz

bet ween t§plpsiuadriupels mash sprgtremicter,ta @R typed orassl spestromeigr peing mordap one

I fil . |+ j.n i ' h. fd | th
are not MoerpRAeREhRl bl P Hbodiieh R nBREPeAPun L el i o

t hr ough Rthéonimsents] Mgy spgeyorh@eif 100tiaeladestivacasmahb@ded 102ahatGhangeshé n t he

RF and/ or, DC vol tages. As such, an RF _conponent havi ng an el ectrode

ext ensi G oBppermEPithe magspsefeedat The vaampbelamber 403 maybe fusther ni ni ni se,
or to ¢ : s 1.ans i nts
opt i i SooPyipE to SER CegRith Rt phEE 1EVANS ThE PERNIRY BERD ol TP PERARET S
a bl ock ideagrodiod by oae ommsresyretim @uripe bis israloudi ingheaart.enbodi nent of an RF

conpone For exanple, t mass, spectronet er be a tandem mass
A spectro%q]er,%[atsf PRSIC 0&]&&6&?@%810 455 88 IRt ot bhe loarsowfﬁ_éaf PRYEcEP mass
spect r ORRLE6n iAo 86 cd HANHRABC o OMBARSM e. THRMoRsAREd | CbRise£iiROdI Ment

the mass spectroneter may include four multipole RF conponents. Mass
spect r osanple mdeculesalesidesbtosdevanalysed. dhandesrthandeit thaion seutagddd anfieniot RET

conmponent s_of SS_spect.ro . The v um chanber 102 may be, furt her
uba v geaegtst . TR 5 EEPOHEREE K ot (dBhCPENT B sk, TRbspfutiiphe o
the vacudp) GhaR RT dompeasht Bl LAn RYnHR 8p&irofRie. RECHMPORAIPE6,d8r oS known in
the art. [20] Mass spectroneter 100 includes an ion source 104. The ion
sour ce tWhogienhenayrbeed meltipole deyitiesaeh e gundrensle hexapelre avtenrleiopathsat i on
source. The | r ionj : S. ' be

anal ysegl. Eél%fggﬁcggtdg‘glﬁ&%élrFggﬁggﬁlcq%ggﬁ%ﬁﬁoélgmaﬁu%ﬁotlgr ﬁzgeggcrtr%gﬁent 106.
For an esbadomshit oveflags o ppaioa of REGnipayete 08ndisaRs@Lindgore detalbsldw.Iher, ion

trap, or Cgt_her RF conmponent for use in a _nass spectrometer. RFE conponent
106, forddHorfHoemranent Hgympeingludg etechadecdeias taatonetap apqjtiaapliphl e,

hexapol @(amq&{e‘ﬂpf(b@inodrddﬁfog‘% opirgllf@fd @(fmlp&leﬁt ft%vllleﬁ&g QAP cRGhJTENt . RF
conponent 106 al so includes el ectrode extensions that” overlap a portion of
RF conpfhidnt RE@G8mpdhst U68 eboinmynteran idegaide, hmassiiltdrnioadeips orartherBF conponent
108 may i ncl ude.el ect rode extensions that overla portion. of RF conpanent
Toe i n SUBRIBEaSS R R et fSoIRtabo0s e bR SRR SR Grgeamon

ext ensi RS or idndbkhmRkit§ RIPVAHHedi0B62ha @niFRYRP 8omPohdd 108! IFde an RFMBBHohbit €r
as

ion trap, or other RF conponent for use in a nmass spectroneter, as
di scusseenfigyodeas apden gwiderdddiiy weltage saurse hewng of anphigidoand afrcheensydxi t s RF

conpone 1 n nters canponent. 108. For. an RE.. nent. conf i gured
oo Dhpit o BRRIREA 1o MBRR e o s RO agont HRRRISH PR AN

i s appl {oad fioen theenfrince ey R0 e REBEMPbENONS i9kndVd & tht 8¢l VorRgaetHeC
fields used to guide the ions fromthe entrance to the exit of the RF
conponefigctromagnstiq Heldhpfithe iopguideractsigmrtheans to eerdaia tecioppagyAdaicents iy of
the ion j I I } I1S.
For sontri o cltofhchlieh el 2RhARG WE: RAEom BRIy REBCE & 7,
f urt heradrecaii€gon edl. &oc etdmise,ahe BEldompboent exayripl @nfipined R-recoivp anémirt gy be
configured to receive an inert gas.such as argon, heliu nj trogen, or

ot her iférdS _@‘é%é’nt l%fhb‘F‘b\WtH&eB{ﬂrlq ré?f?rf gﬁi‘d@@é""d&é%ﬁ?l%'?fa‘icﬁi élﬁ%ﬂ‘?éatlﬁéé’g i ng
thr oughichfBads3 (BLGR thedSn Lfidk RO KASWA Beth@Gk:



5 [22] An RF conmponent configured as a nass filter is used to select a
portion of ions entering the RF conponent that have a certain mz ratio or
range of mlz ratios, as is known in the art. As such, the RF conmponent
configured as a nass filter typically hss an RF voltage source with a DC
conponent (or a separate DC source) applied to the RF conponent. The
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gui de t l{ez] onsn RE@abmpanent thiefigedEas mes fitlez iy @kl @ $didcot gbrtidne Rnscarpagent .
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[25] Moreover, the transition electrode may have a direct current (“DC”) voltage applied to
further reduce expansion of an ion beam, thus improving transmission of ions from RF
component 106 to RF component 108. For an embodiment, transition electrode may be
included in RF component 108 to aid transmission of ions from RF component 106 to RF
component 108. For an embodiment, RF component 108 includes an electrode extension that
overlaps a portion of RF component 106, discussed in more detail below.
[26]  As further illustrated in Figure 1, ions flow from RF component 108 to detector 110.
Detector 110 may be an ion detector as known in the art. In the case of an ion detector, the ions
transmitted from RF component 108 are measured. The detector 110, for example, may
measure the charge induced or current produced when an ion passes by or hits a surface of the

detector. The ion detector may be, but is not limited to, an electron multiplier, a Faraday cup,

an ion-to-photon detector, micro-channel plate or other type of ion detector.



[27] Figure 2 illustrates an RF conponent according to an enbodi nent in
tandem wi th an adj acent RF conponent. Specifically, Figure 2 illustrates an
enbodi ment of an RF conmponent configured as a first quadrupole 202,
according to an enbodi ment. First quadrypol e RF conponent 202 includes four
el ectrodes 203 arranged into a first electrode pair 203a and a second

el ectrode pair 203b. [28] As illustrated in Figure 2, the electrode pairs
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("DC") yaik Loy as vipoREITh the 4r8 Huckhan RIF witagas®acd profi@s be eRctrtifictdrbo dierent
of a first quadrupole 202 includes electrodes 203 in the sh% pe of circular
rods. OEkefodssld ’%fﬁ@@ aiTaree @ doRs Restipg Huqudthe RA\Somppogent 2o Rolpdpes) the

shape. My %%H’cel‘?[?&?%fs @ta dgﬂﬁlla‘éﬁeeloﬁé ﬁ%@lr &Q%%d%@%r&%ﬂédr%‘él@% 'Ebfl’l@y shape

to produce an electric esired ectro ormed from
any condthet endeofithe Brsit qhadmpcﬂe R0 recaflingdd en embsdinenf.or m a conducti ve
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For an dﬂh@@ddﬁ@@@oo &‘dl@ci?&%j@a%&@é}tbn%o%nﬁ&{tnﬁp veHEde thdds fﬁJn@ﬁEdu@d@O ZP3b and

el ectro extension 204 are one piece. In other words, el ectrode extension
204 and3@0(bmltscm@k rO3k nimyadgdiohothedigquenca of ithegRE V@bera@cm@hbe batispotilimged o an

enbodi enbodi el ectro ten 2 0

separa?g %%eb?gghu@ﬁ%gapgégggggﬁkgﬂﬁ@ggﬁg Sﬁ% Iﬁ%&%@@%ﬁqur&gtiﬂggpg

cont act vwatgb &l ge¢ Foadebodd By afowk 2 eXEAPA £is kabaatif Gdere Kiceris volfagdGéuiday be

affi xed to_an el ectrode by bEInﬂ including but not limted to, sol dered,
a

vel ded, Mgy beaweridhmnel aur@ﬂamO&YQ g5s to ehrmegitsconsirtionicharacterigigsob e a%sensi on
204 is éﬂ%cﬁ‘l)r?lgttef b4l oﬁ%@/ﬁé of\ﬁr{aﬁ]ys% B, %ﬁgﬁn&p 8t some embodiments, first RF

voltage source 205 may include a direct current (“DC”) voltage component.
[31] Asillustrated in Figure 2, an embodiment of a first quadrupole 202 includes electrodes

203 in the shape of circular rods. Other embodiments include electrodes 203 having a



[33] The enbodinment illustrated in Figure 2 also includes an adjacent RF
conponent configured as a second quadrupol e 206 adjacent to the first
guadr upol e 202. Second quadrupol e 206 nay be configured as any of the
enbodi ments di scussed above with respect to first quadrupole 202. Second
guadrupol e 206 may be configured to operate as an ion guide, mass filter,
or ion trap by setting a second RF voltage source 210 attached to the
second qunbuhohl&lpECMpre@%ri smbodiwenisrinélbée eedtrodds208 smifipned ialay ehapiettd
respect to first source 205, _t he nd RE vol tage source 210
may al sPPHFERE! eatr iﬁge@cﬁ%ﬁm@ﬁ% 20 OF s lifroh B GGcRs: s
spect 1 OTkigiid of BEk A mnaar@mpmr@oneuctfvla@na{?&laq &of dohdiihiy Vol t age
source 205 and second RF voltage source 210 may use the sane or |fferent
oper at i ngatetivds actuee iabniosim aﬂd:dyspbtmgl,esdosjeelnmppbn, T other materifls thes lcomtyet
frequeng¥ ‘ hase and DC vol tage conponent. [34] Simlar to the first
quadr up the second quadrupole 206 may be configured to operate as
an ion qglzpe,Fom 8mbbdihRhs, eREtrb®R 2058 Bre¥drAbPlATRA cRBAYE 2030 and fRErbad N
exanpl e, first quadrupole 202 is configured to operate as an ion U|de and
second @eimslapéf)éameupseceolrqut@ejmdi,@ gedfawer@so@%ﬁ@ elleictrpéqr 20

anot her I uadrupal e 202 _and sgec adr re each
con 1 gur 0T Eisarildd s BN A B g S BB P R Re S o “hor

of the Rkcaotpenaitic mriﬁ f@ried ds b et plcte &DnbBEledtle20ap buta@nﬁguﬂeawbel n
the art. 35] As illustrated in Figure 2, first gquadrupole 202 al sQ
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coupl e gﬂ RF signal out of phase with the external perturbations present on
t he sec quadrupole 206 corresponding to an RF signal fromfirst

quadr up@d® 2G%e embdimenPlilArRad id ﬁg{u%fz 250 uIB AN aBhRAt RPUBMPEE&ENRS ons 204
i nduce a current 180 degrees out o hase with the éxternal perturbation

with a nalgﬁgur@b@ agpgaind Wétdmm&ﬂafioﬁﬁdjad@et T@ﬂh@ﬁmatluqﬁelmm B@Z iSspend As such,
th t b
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quadr uplfiest JA&drSéle Q@Qr%@§n@qﬁadﬁipom1mmy bé céritRzueed terdpaiatdo&ratnubb gliidens from
first quadrugol e 202, el ectrode extension 204 overlaps with a portion of an

el ect r ofwsH{14¢Toerign9Bp hygediag asseand RIfroligsspuice 24§ @ﬁ@d}sd to Geseqoadt r ode
203b | t
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si gnal ftowoe 205, stic sat:t@tde@bbag%&Bumaaao Irﬂay\aﬁioymclud@h il)(gvcblcags eompdncmu agdfisupol e

206. ] For an enbodi nent, the cancellation of external perturbatjons as
a resul {znwn 5 the ALt beT TBss S tomedars B BT im0 SR SPPPARF S leétr tion
of secopg x%‘k@?ééb%?éeezo%%d'sécdnﬁqup{z& Esoﬁx@e o1 ffay WOE ﬁll%,sax'n@ op AN to
reduci ng external perturbations on second uadru% 6, the overl apping
of the epaatingdaraiaristics mnlsldmgéfbwnohhmﬂpdm |Rihvcdfags,efm§1rmdnced ebaseoatel 206 al so
acts to I duce external perturbations on first quadrupole 202 correspondi ng
to an REOGEGASIMPENecond quadrupol e 206. As such, for some enbodi ments,

el ect r ophet] ex$piisdr @ ehedR4 @%@rubﬂlé@@d%e@ébo%@%ﬁ&uﬁ&@@b@miyeoe?&ﬁﬁgﬁk%b td hat at
| east a portion of el ectrode ext ensi ons 204 over|ap at |east a portion of
first qoRaddtaeepeiooide, RS} ﬁkﬁg@f@gt@aas@lscm&e@gbm@t Eorsaaeﬁéta@h@@mm«%rﬁrst of
an el ec [ 4 el ectrode
ext ensi g&a%glgoz?%éﬁa c81|[11t[11§19ed topgpgéét%/gsfi&g]t%h gglfdenah Sg‘%’ and g&e zt()@‘?? udi ng

t hose neinfigutadsd ropéxaté ds fithg d11es. I&A—aﬁ@heﬁ@ufp&: :Bifsuqhhdrapdslatzes aadseohodi ment
that is a rectangul ar cuboid including a bend toward the end where it would
be el ecfyadsunols 20 arg spdirondgursdde eE%ra@cfé agpasg HlRE QUbsrssamRtes imlyderenesn

illustr
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confi gup3éd V\As Hluatritodi yn Flfgate 2 é‘pﬁrcmadanleQ@Etal%omﬂudbsttWe ebetrodoattegpioresd t o

overl a r.oxi mat e ctrode 207b.
p2(}% Acc rding to an em o tment, electrode extension 204 extends such that at least a portion

of the electrode extension 204 overlaps a proximate electrode pair 207b of second quadrupole



[39] The total length ("LT") 301 of electrode extension 204, for an

enbodi nent, may be fractions of an inch up to several inches. For a
particul ar enbodi ment, the total length ("LT") 301 is approximately 18
mllinmetres. The length of overlap ("L"§ 302, for an enbodinent, may be
fractions of an inch up to several inches. For a particul ar enbodi nent, the
overlap is approximately 9.2 mllinmetres. The height 306 ("H') of an

el ect r od6eRdremsintioddieht nthy te eletroderexadnsions 204 caupld ACRF Yignhloos @Y phaak

i nches. Fqgr _a particul ar enbodi nent, the height 306_js approxjmtely 6.3

mi 1 | meetidbthe phermg a%ritprﬁwn(s PYSFILEM the PR fase) %@%igqr&%pmnwnb%‘f“
fracti oq%ngffr%ﬁr aHRobR Meveral inches. For a particul ar enbodi nent, the
wi dth 308 is approx matgly 6 mllinetres. The distance ("D') 310 between

el ect r odg6jexthens iparic2dd emhodipreok elrvatredcedxéatsiond 884 &b a Camrerdar 86 dbgdesn@nt |
may be fractions of an inch up to several inches. For a ticula
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enbodi ments, the dinensions of the el ectrode extension 204 depend on the
oper at i ngrcleding aeadsvpoles assllefiraRe iv digyon &rfp induise agurrenish segpndfquadrapler2dde
ext ensi 4 etermined empirical |y by varying the dinmensions to
dot o mi 190 el APl SHLPEF S GTR) borfibatonglol P PR ERICRIERRREE: el
per t ur bakieasisn 004 bhiglaps wateniorftbn O Rde dAbbaUIAtdegfey abduh eheddeBAIS|I ONS
of el ectrode extension 204 rna,%t be determ ned_using techni)ﬂues known in the

art for 2KEdi08 fambelgeirdy 208P exifhyelersrory axtengion P0iAgusueh.4he exigel prrassbadion; r st
RE componghhcay o&ﬂﬁ%so%iﬂ% a%éifn%g‘h@%oé@své RYuIeBbr ﬁlk oSGt 508 ERT %%g%pﬂoﬁ%st

according to an e conponent wth a curvature according to
t he enbagdadrepdle 202 vatacaively donphigorsecehd quadagpec®it to a second RF

conpone 206. Mrepver, a portion.of gach el ectrode extension. 204 overl aps
ot T onsl A phpt b B b e B AR e B G Py S S Has T GPLEY Sb

above. B GQIRARSREnNOAIDA SMIHIMY £ pdPidn RSN q&IhFo1BR0E @@Q?fﬂ%ﬂi iphas a
curvature to guide ions in a different direction than the direction of

entry. ofh¢pvosisnin agdition tRFednomgertmal pditsibaensdnasgours] quRErupoleptltetie wi t h

curvature 402. quides .igns, al ong a ntral axis 208 ich fo t he

cur vat upLerlppit SR AR R AR S RONIER £8t FRont ot 2 M b oven:
the cur veduue exteinaRferG@HRiONSoh fivdt hadtupdle 26t bespORdinS toSMERF kip@akl ddeco@t h of
ions entering RF conponent changes by approxi mtely 90 degrees wth regard

to the @vadruppde R0GAsweh.ifohsomeymeediaanisdilemtiods exenRmeYHpun vludgilon a
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cur vat upertib2f fieyy qbsdrapsiaeo2.ed to an RF vol tage source with or without a DC

conmponept.. I p. addition,. the RF conponents in Figure 4 may, have simlar
char act Eﬁ] st P’(%‘reéﬁé\”gan’@??%% sQqae EPPE%‘S%EH > BB\?E’CW‘%%@‘F@EW%OA& her RF

conponefifiSirated fFightcd 4a€3 8, thé bidekER &Ferlioh! ZP&’ ngdéf‘i%lﬁaé b %id@vﬁ%tt)glzgpsh%f)es

reduci ng external “perturbations or cross ta ween adj acent

conponemtdssires inclndisg tlepe oot imstaed indigwesB AP Q. d'igme 8Abitldstratestan eAtbosliregnt502,
first RE _conmponent .having.el.ectrode extensi.ons i ositi d .adj.acent to a
second e BORORERHT bR EEnEAZEn e e e eRifene ull BrePSHEdE e
conf i gustedhéProunedléddabs hieRStcompBRét] MBuRf3B MRstReLA Mo ipeRiTRAt as
di scussed above. The
electrode extension 204 having a cylindrical shape. In addition, Figure 3C illustrates another
embodiment configured with a body that tapers in height toward the end configured to overlap
with proximate electrode 207b.
[39] The total length (“LT”) 301 of electrode extension 204, for an embodiment, may be
fractions of an inch up to several inches. For a particular embodiment, the total length ("LT")
301 is approximately 18 millimetres. The length of overlap (“L”) 302, for an embodiment, may

be fractions of an inch up to several inches. For a particular embodiment, the overlap is

approximately 9.2 millimetres. The height 306 (“H”) of an electrode extension 204 may be



10 overlap of the electrode extensions wth the second RF conponent
provides a way to reduce or mnimse the anount of external perturbations
present on the RF conponents. [44] In the foregoing specification, specific
exenpl ary enbodi nents of the invention gave been described. It wll,
however, be evident that various nodifications and changes nmay be nade
thereto. The specification and draw ngs are, accordingly, to be regarded in
an i | | usfraciibhy ef anpinbienp td"lsklverraé'ﬁft:hésCFbNEEpdfaﬂﬂaf em@dﬁﬁéntﬁﬂib@ﬂigmiem&xsw |

readily su gest hepse| ves tq_a person skil n the art havi ng t he
benef 11 BPUREch GorDuiares HE Pt SRSy iong elsirodk, Sieneim Ao ncy

conponent,dighs i QT QI? {Eps%%ﬁr’ﬁﬁﬁésow £ ar‘u#thgr nzﬂ%ﬂd?mgﬁte HENGH fRMPponent

conprising: a y of el ectrodes around a central axis to
create mpfmaﬂa@rﬁmhlhmetrhs A hs distiangk (ffI21)i3tY befweehetetctrodie&;tersanfﬂ(ﬁl andt r ode

of said plurali tr.odes paired with a e| ectrode across
sai d cer&?)éffnaé%?lgcmgﬁ%&gﬁ’ if(g%ten‘g%‘?gl%‘fné’d’i‘?yol&eeﬂﬁ‘ﬁf g@‘? G 4R RFEEH ode

ext ensi qRcIRE. RAGatth @ed RHB dinSHt dh@hﬁfahé@@@”%t@sawsh sieatkd BWashsion 2oyer | ap
at | east a portion of a grOX|nate el ectrode of a second radio frequency

conponerid ppoximgte alegiiode @Bqu@nwxum’fplaﬂelrﬁtmdhmctr@ﬁ m 1, wherein said
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operating characteristics of RF component. The dimensions of electrode extension 204 may be
determined empirically by varying the dimensions to determine the dimensions that result in
the desired reduction of external perturbations on the adjacent RF component. Alternatively,
the dimensions of electrode extension 204 may be determined using techniques known in the
art for radio frequency circuit design.
[41] Figure 4 illustrates a first RF component with a curvature 402 having an electrode
extension 204 according to an embodiment. RF component with a curvature 402, according to
the embodiment illustrated in Figure 4, is adjacent to a second RF component 206. Moreover, a
portion of each electrode extension 204 overlaps at least a portion of second RF component
206, similar to that discussed above. RF component with a curvature 402, according to an
embodiment, has a curvature to guide ions in a different direction than the direction of entry.
[42]  Similar to RF components discussed above, RF component with curvature 402 guides
ions along a central axis 208, which follows the curvature of RF component with a curvature
402. According to an embodiment, the curvature of RF component with a curvature 402 is such
that the path of ions entering RF component changes by approximately 90 degrees with regard
to the exit path of the ions. Other embodiments of RF component with a curvature 402 include
having a curvature defined by an angle 404 having a value from 1 to 180 degrees. As discussed
above, RF component with a curvature 402 may be connected to an RF voltage source with or
without a DC component. In addition, the RF components in Figure 4 may have similar
characteristics and functions as discussed above with regard to other RF components.
[43] Figure 5 illustrates a flow diagram for a method of reducing external perturbations or
cross talk between adjacent RF components in a mass spectrometer, according to an
embodiment. At step 502, first RF component having electrode extensions is positioned
adjacent to a second RF component. Moving to step 504, the electrode extensions are

configured to overlap at least a portion of the second RF component as discussed above. The



3. The radi o frequency conponent of claim1, wherein each said el ectrode
extension is affixed to each said electrode in said at | east one el ectrode
pair. 4. The radi o frequency conponent of any one of clains 1 to 3, wherein
said plurality of electrodes forma qugﬂfupole. 5. The radi o frequency
conponent of claim4, wherein said quadrupole is a mass filter. 6. The
radi o frequency conponent of claim4, wherein said quadrupole is an ion

gui de. Dvedfieof BdcRclré ROBXEALIONS VAR Rcofd RE|BinFofient Whei@ish way @ eddbc®r
frequency, conponent is a collision cell. 8 The radio frequency conponent

of cl ai iigImizpicaAmpushpeiemplreruggliencycsshpo el pempepestsr vature. 12 9.
A mass JhEf U Rt ﬁfegg%g%bbaﬁ&gfon, specific exemplary embodiments of the invention have

been described. It will, however, be evident that various modifications and changes may be
made thereto. The specification and drawings are, accordingly, to be regarded in an illustrative
rather than restrictive manner. Other embodiments will readily suggest themselves to a person

skilled in the art having the benefit of this disclosure.



a first radio frequency conponent; and a second radi o frequency conponent
adj acent to said first radio frequency conponent, said second radio
frequency conponent having an el ectrode extension that overlaps with a
portion of said first radio frequency cqnponent to reduce external
perturbations on said first radio frequency conponent. 10. The nass
spectroneter of claim9, wherein said first radio frequency conponent is a
guadr up ﬁ' 11, .The.mass spectroneter of claim 10, wherein said first radio
frequeng& ebisimsd i¥'s 2 ness filter. 12. The mass spectrometer of any one
of clainms 9 tg 11, wherein said second radi o frequency conponent is a

quadr updt eA 1840 TrequeneycOMPEBEHL IR HSE AR 2 Hrasy PRsCHPMSter hefadinredicpC%s ec ond

radio freq o7 gfl,.is an ion guide. 14. The mass spectroneter of
claim13, e(%Fn saﬂg ?%% gui de has a curvature. 15. The mass spectroneter

of any onea plurditpbfiele@rddes tdnfiguneat abndacchtrl @ds toocteate rt @msihanndl svidhfih i xed
to said s ega?g glu;;ﬁx%if 8f ::lregtgol'cligg,ce‘gxclg glgg)t(r)or}i%r}}f said plurality of electrodes paired with an
opposing electrode across said central axis, and at least one electrode pair having an
electrode extension on each electrode, said electrode extension configured to overlap at

least a portion of a proximate electrode of a second radio frequency component.

2. The radio frequency component of claim 1, wherein said electrode extension on each
electrode is formed such that said electrode extension and said corresponding electrode are

one piece.

3. The radio frequency component of claim 1, wherein each said electrode extension is

affixed to each said electrode in said at least one electrode pair.

4. The radio frequency component of any one of claims 1 to 3, wherein said plurality of

electrodes form a quadrupole.
5. The radio frequency component of claim 4, wherein said quadrupole is a mass filter.
6. The radio frequency component of claim 4, wherein said quadrupole is an ion guide.

7. The radio frequency component of claim 6, wherein said radio frequency component is a

collision cell.

8. The radio frequency component of claim 6, wherein said radio frequency component has a

curvature.



16. The mass spectroneter of claim9, wherein the first radio frequency
conponent is the radio frequency conponent of any one of clains 1 to 8. 17.
A nmet hod for reducing cross tal k between adjacent radi o frequency
conponents in a mass spectroneter, saidjyrethod conprising: positioning a
first radi o frequency conponent having one or nore el ectrode extensions
proxi mate to a second radi o frequency conponent such that coupling between
sai d first Arasisepéoteaeteympasipenent and sai d second radi o frequency
conponent creates perturbations on said second frequency conponent

cor r espondf AgtEHlie frgauansy spprereatia®dsai d first radi o frequency component:;
and 13 copfy i I . r i i i
R A N e B
radi o fr eqseensd ralonfrenenty samporichliaviey ah gerttode batehoors thanoealags séband radi o
frequency conponent. . are reduyced. 18. The nethod of claim1Y, wherein said
first radi BOPPBALEHLHS s HEwenrE compgneal yenuee cxismahper ibaiens Brsedl af m
18, wher ei fridth frédivhey ashpodehgauency conponent is an ion guide. 20. The
met hod of claim 18, wherein said first radi o frequency conponent is a nass
filter.

10. The mass spectrometer of claim 9, wherein said first radio frequency component is a

quadrupole.

11. The mass spectrometer of claim 10, wherein said first radio frequency component is a mass

filter.

12. The mass spectrometer of any one of claims 9 to 11, wherein said second radio frequency

component is a quadrupole.

13. The mass spectrometer of claim 12, wherein said second radio frequency component is an

ion guide.
14. The mass spectrometer of claim 13, wherein said ion guide has a curvature.

15. The mass spectrometer of any one of claims 9 to 14, wherein said electrode extension is

affixed to said second radio frequency component.

16. The mass spectrometer of claim 9, wherein the first radio frequency component is the radio

frequency component of any one of claims 1 to 8.

17. A method for reducing cross talk between adjacent radio frequency components in a mass
spectrometer, said method comprising:
positioning a first radio frequency component having one or more electrode extensions
proximate to a second radio frequency component such that coupling between said first
radio frequency component and said second radio frequency component creates
perturbations on said second frequency component corresponding to signals applied to said

first radio frequency component; and



21. The nethod of any one of clainms 16 to 19, wherein said second radio
frequency conponent is a hexapole. 22. The nethod of claim 17, wherein the
first radio frequency conponent is a radio frequency conponent according to
any one of clainms 1 to 8 or the nass spectronet er IS a mass spectroneter
according to any one of clains 9 to 16.

configuring said one or more electrode extensions of said first radio frequency component
to overlap at least a portion of said second radio frequency component such that said

perturbations on said second radio frequency component are reduced.
18. The method of claim 17, wherein said first radio frequency component is a quadrupole.
19. The method of claim 18, wherein said first radio frequency component is an ion guide.
20. The method of claim 18, wherein said first radio frequency component is a mass filter.

21. The method of any one of claims 16 to 19, wherein said second radio frequency component

is a hexapole.

22. The method of claim 17, wherein the first radio frequency component is a radio frequency
component according to any one of claims 1 to 8 or the mass spectrometer is a mass

spectrometer according to any one of claims 9 to 16.



