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[ 0001] The present invention relates to the field of nmass spectronetry, and
nor e partwoubavdsyssoo a mass spectroneter mul ti pol e devi eeTtusadloppizg es t he
mergi ng of ion beans from separate sources and/ or for directing a single
ion beaminto a plurality OfiNFEREACED Y MIUCPIRGEE on and/ or anal ysis.

Di scussion of the Related Art [O00Z] MASS spectronetry is an anal ytical
techni que that enables the identification o chem cal conpositions of a
sanpl e based on the masth- har ge. ratio. o ar.qed rticles. General ly,
analytes in a sanple are =¥ : e o ¥t ed via their nass
wherein the ratio of a respective charge to mass is determ ned by passing
themtrﬁlﬂldgafﬂleplﬂvﬁmmﬂnd magnetic fields so as to result in a desired nmass
spectrum 000311 In particular, the design of a mass spectroneter to enable
separ at[08fl]and The paesend invangionofelagas tnidiefidd of amss spectvometry, and masref or m

i ntroduced nmolecules in a sanple into ionjzed particles; an analyzer to
separ at@rg‘ﬁlé]ﬁﬂiyotﬁiaz‘é‘ési)%{?qcm%teb?“’hﬁﬁi)k Aﬁi’é%ee@lalf)?n%tﬂﬁﬁ thegreegiagtatiien and
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ski | | edditértions fér dollecfiohR@ddes bAAlydfs. such a spectroneter system the
ionized particles resulting fromthe ion source are often directed al ong an

ion path using ign steering optics, such as, but not limted to cylindrical
| enses,Discussion of the Related Asti nmers, and nul tipol e rod configurations, etc.
In the nultipole rod configuration, the nunber of rods can be any even
nunber ,[0802¢h aMase apectsometryris en ghalyhicahtebhwiquirthatuenmdyes/tbletid grtsfideionng
inverte hases applied to el ectrodes adjacent to_each and often in

el ectr icgﬁﬁu?iaﬁmigﬁt&ﬁvwfm%ahhaé pnyhe sassde-charge-ratia pfrchargedo)
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direct a
through electric and magnetic fields so as to result in a desired mass spectrum.

[0003]  In particular, the design of a mass spectrometer to enable separation and

detection most often includes: an ion source to transform introduced molecules in a
sample into ionized particles; an analyzer to separate such ionized particles by their
masses by applying electric and magnetic fields; and a detector to measure and thus

provide data for calculating the abundances of each ion present.

[0004] As known to those skilled in the art, in the design of such a spectrometer
system, the ionized particles resulting from the ion source are often directed along
an ion path using ion steering optics, such as, but not limited to cylindrical lenses,
einzel structures, skimmers, and multipole rod configurations, etc. In the multipole
rod configuration, the number of rods can be any even number, such as four, six, or
eight with high-frequency voltages having inverted phases applied to electrodes
adjacent to each and often in electrical cooperation with additionally applied direct
current (DC) voltages. Accordingly, ions introduced along a longitudinal direction

into such structures proceed by oscillation in a predetermined cycle due to a high



desired amount of ions to a subsequent stage. [0005] Wile such ion
steering optics, and in particular, the nutipole rod configurations,
benefi ci avbyosnabdse t he desired ions to be directed al orgTarseaetzrns ned
pat hs, such designs do not provide for the nmerging of ion beanms fromtwo

di sti ncfregaetiedectfic ffeldl cARSEIISE e W oferfibiidifod POItARATOI 48 tBBr&dt hect i on or
anot her as di sclosed by the novel and beneficial configurations of the

pr esent desixeshamonnt pOHODS to Asuhsequantstageader an i dea of the t echni cal _
capabilities presently in the field, one can | ook to background infornmation

f . | ted | tippl t oupl e one or nore ion
sour ceolPOSE raRhild 65 I Rkabod RHRLS rd naeBPr B Se efusedtd n U s
Pat ent  dhfigurBdensd) #eneBAhily ledbiel tAE REHES iGHY 8fbe &i’i‘éﬁ &%mﬂréﬁreg@%rﬁﬁ ed Nt O
Mass Spectroneters,"” issued October 20, 1998, to Baykut, I udi ng the

f ol | ow paths;'sifvh desigirs dalrat pfovite forrthe mhérging of iom baawadfrynpsssd digihcene or
several curved nultipole ion guides, so that in a systemof nultiple
st at | on¥RYFCes T §Qfiteditecting apinglaner beam ip@neslitection arfanatheinas diselossd by

Sour ces e R RRDECH] dorhRnbarcnt o MR RedaRienihoi nt . can oo

I ntroduced into the mass spectroneter, using a rotatable nultipole ion

gui de af0a6lge et givd hike readter aandéeof thrneéiaticadaphbiities prestirlydin the fieRl) trap
or into a quadrupol e or sector mass spectroneter, or also an’ion transfer

| i ne of ore ¢n lorkdpdackgrastnst infeunation ormeysters that westrpay teounted
hexapol e or _octopol e), i s positioned adj ustablg around the axi.s of the ion
trap ormé'ﬁ)%‘ﬁasg CRYRIE PR OT ROYGION; SGHIGES 4R & TBRSSpeptrematele WhCRR nass
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spectroneter si I njection si 'S | ero 'on axi's or the

r ot at ablon goRstdsi [aREMazs Speaobietddy iisitied O&bBéY 20):199880B, ht,Giﬁ@lu@Ifing%H%
mul tipole moves in a circle passing various ion sources. The rotatio
posi t i ofellevinge” The basivideadétee iventiohrint wivvably positionrone drisevemhsunireel
transferred i.nto the nmass _spectroneter,” [0Q007] Mreover, background
| nf or naEAPYIGOn SUIeS oo LI AV PIERES! BUEPIP ST IAaR SORE S Ragh Spwres
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from various ion sources, which however are directed toward a common point, can be
introduced into the mass spectrometer, using a rotatable multipole ion guide
arrangement. The ions can be transferred directly into an rf ion trap or into a
quadrupole or sector mass spectrometer, or also an ion transfer line of a FTICR
spectrometer. For this purpose, a multipole (e.g. a hexapole or octopole) is positioned
adjustably around the axis of the ion trap or around of the axis of the ion transfer path
of the FTICR mass spectrometer. The curved longitudinal axis of the multipole on the
mass spectrometer side (injection side) is identical to the rotation axis of the rotatably
positioned multipole. During a rotation, the other end of the multipole moves in a circle
passing various ion sources. The rotation position of the multipole determines from

which ion source the ions are transferred into the mass spectrometer.”

[0007]  Moreover, background information for a system that utilizes a deflecting
means to steer ions produced from a plurality of ion sources to a mass spectrometer, is
described and claimed in U. S. Patent No. 6,596,989 B2, entitled, Mass Analysis Method
and Apparatus for Mass Analysis,” issued July 22, 2003, to Kato, including the



described and clained in U S Patent No. 6,596,989 B2, entitled, Mass
Anal ysi s Met hod and Apparatus for Mass Analysis," issued July 22, 2003, to
Kat o, i ncwodnrogsodsef ol | owi ng, "A mass anal ysi s syst em i crapsaibos2ais _
performng a plurality of measurenents in parallel by nmounting a plurality

of 10N SRS, OABandIPsS spaeft s aBAAE o??ggﬁgx‘%g%%lﬁ{%ﬁg gng the ion

sources. The ss anal VAl appar at us conprl I ON Sources,

and a defdasutdmentseapardliel bgehbentingg plandity b6 Bragodreésbnénd BAsSOUr Ce
anmong the plurality of ions sources so that the ions travel toward the nass
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' ' ' ' .. S. Paten

S T e RN R T W U

2005, tRaladsk fin Murce 5191%5%4%1@ ?)é R% g]k %/d?\r\%’:sgﬁrcé'sps‘oqﬁgm% i{)ﬂg tda0bT QURELNY

I ons generated in a region-o at'i pressure Into a region of

rel ati veéieymasyspcamnter by ppodutitpag décttiedisld.two el ectrospray ion sources,
providing at least two capillary inlets configured to direct ions generated

b h I nt, d through each of the capillary inlets,
o ovi ai FigORE ' SsRbrciit L BErmntion foiea e gl © lﬁ‘ﬁ%%bmé?%aﬁwélﬁd e sei
f el ' b VI n . ri ner ets
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recei vi Dgcenber 232005,t0VIignd o2, ERUQIEAR e $6llowinge *’A%@Hﬁ)&ﬁ)‘fiiﬂﬁoaﬁéﬁnlgm es
having a receiving end and an emtting end, the secondary set of elenents

conf i guiang geperateeiiv e region ofgrktivebnhighepressureiiniyp regiof of heativélydoy set s

of o enBHSSuEIEDTRIARE Hlport PPt oRFAR 6 FRTGEs BroTIdng et R | east
ol erert SPIa Affes €031 R0 Al RliChBhencR Rl K heFhed bR Sy GicefineP antle,

t her ebytlaehightebél§ of Hfe %agaglg%?‘ iﬁﬁét@@r@fridiﬁg at IREOHEN s& of gﬁbraa A eergigafshe sets

of primary elenments.” Background Tnformation on evice to

al t er nahaviagyapértuees, eadnseticf elienentstedirana redeiiingenidrarid ellrSerrﬁ’air%rﬁr:de@he
7,420,161 B2, entitled "Branched Radi o Frequency Miltipole," issue
Sept embBAMATY set§ef eh%n%ws&ﬁgur%twwgetaﬁem Hompy Whereppiligpsindets atithe

et hods; Qbivifif ehdy SR HAVIAIR, S BnRA 5 G0 BF f A s FLSALEnY AL hiPRLS,
receiving end and an emitting end, the secondary set of elements configured to receive
said ions from the emitting end of the primary sets of elements and emit said ions from
said emitting end of the secondary set of elements. The method may further include the
step of providing at least one jet disturber positioned within at least one of the sets of
primary elements, providing a voltage, such as a dc voltage, in the jet disturber, thereby

adjusting the transmission of ions through at least one of the sets of primary elements.”

[0009]  Background information on a branched device to alternatively direct ions is
described and claimed in U. S. Patent No. 7,420,161 B2, entitled “Branched Radio
Frequency Multipole,” issued September 2, 2008, to Kovtoun, including the following,
“Systems and methods of the invention include a branched radio frequency multipole
configured to act, for example, as an ion guide. The branched radio frequency multipole
comprises multiple ion channels through which ions can be alternatively directed. The
branched radio frequency multipole is configured to control which of the multiple ion

channels ions are directed, through the application of appropriate potentials. Thus, ions



configured to act, for exanple, as an ion guide. The branched radio
frequency nmultipole conprises multiple ion channels through which ions can
be al t er moi2oslogostnr ect ed. The branched radi o frequency powlus2@oloz27s
configured to control which of the multiple ion channels ions are directed,
t hr oughcdrhglt@PativEgt beodiredtedRIFWAP Ui AlrEn PRI HahALR - withYSt tHeQeGAR
alternatively be directed down different ion channels wthout the use of a
mechani vechamikalevdlvg.0010] Addi ti onal background information for a system
that uses an electrical lens to nerge ion beans, is described and cl ai ned

in U ent . 1,302,042 B2. entitled "Lens Device For Introducing A
Second 5‘08 E ea rﬁ‘m’ﬂ? ngﬁi?’?qlﬁ%?ﬁn‘ﬁ 61?16% Paet ,anf”ég %ﬁfe%&‘.ag ¥5ee sf,zeétf&af/@ﬂa gﬂ ai
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i ntroduci ng a second ion beaminto the primary 1on path of a nhss

spect r ofiedrisyDevwis¢ Eor Initrodyering &l Sedomel [de\Beagn LretotaaPfitaai [6h Path, ! galiedl
having a prinary ion_passageway and a secondary ion passageway that nerges

wi t h t hE gP0%dpMoprsiehsi skalgdneliding thedollamingitidw inranton prevides e tdeviel

| ens contains,a first 8art agd a.s c&?%agart that,tto ether, formthe

or i mar y/F o R ey Bicief Prady i e ryRmepe IgThath gl st e trareetry

secondagd AN RAJIEIRY devicd Bt A cldfricFlehl al i}°a boinfarisn_anal yzer
ject® e cle

and a SS spec r omef er system contal ning the su ectr ns are

al so prpasdsdgelvaybad apeovndad ioy passagenBnttad merpes WRteRpideary i oduci ng a
second ion beaminto a primary ion path using the subject electric |ens,
and net Pygagevaydmsestagnempoidsmentsptheigledtrinall lens contekiprafirad pant andvat i on f or

cont 1 gurseprar Gt (BEEeR dar R AR oR Passass s R b park cfae lews 52

entitl . : : ' Vj t -0r . Par.al | el

Cont 1 gut a7 R on iR bR bl el AT B U808k IR B Brmushevi on
et al.,andlpierdinaia res Epédtenhd@r sydeMiddritaitieng e dubjeditlehcerié RinsW€alsB NMBSS
spectronmetry for interfacing one or nore ion SourcesS to one or nore

downst rproavided:iAlee pravidedityt thednivertiomarer hatedsdop intsedudihg eeseoondniore

mul tipol e rod sets configured as ejther, an_input rod set or an_ output rod
ot dop R Ao PIBEER i AP e aaanE he Pabieftelofine lgnsy Sn geethods of sample

analysis.”

[0011]  Finally, background information for a system that interfaces one or more ion
sources via multipole rod configurations, is described and claimed in U. S. Patent No.
7,358,488 B2, entitled “Mass Spectrometer Multiple Device Interface For Parallel
Configuration of Multiple Devices,” issued April 15, 2008, to Chernushevich et al.,
including the following, “ A multi-device interface for use in mass spectrometry for
interfacing one or more ion sources to one or more downstream devices. The multi-
device interface comprises three or more multipole rod sets configured as either an
input rod set or an output rod set depending on potentials applied to the multipole rod
sets. The multipole rod sets configured as an input rod set are connectable to the one or
more ion sources for receiving generated ions therefrom and sending the ions to at least
one multipole rod set configured as an output multipole rod set. The output multipole
rod sets are connectable to a downstream device for sending the generated ions thereto.
At least two of the multipole rod sets are configured as input rod sets or at least two of

the multipole rod sets are configured as output rod sets.”



sets. The nultipole rod sets configured as an input rod set are connectable
to the one or nore ion sources for receiving generated ions therefrom and
sendi ng tWwe 20mvs0gs0 at | east one nultipole rod set confipgurisdoia®2@ns out put
mul ti pole rod set. The output multipole rod sets are connectable to a
downst r @at2jdeviAeofdihghe vehitgtHetbogeniiadibsl itRatioashale beAbfitigast two of
the nmultipole rod sets are configured as input rod sets or at |east two of
t he nul dpRliflationst leege cagtemes mepd exists fog acnagptpectdnsatessyt@athat utilizes
Accordingky, while t.he above described inventions have beneficial .

appl i cam%m(?leéoﬁl 8?&85 Hh%f‘Bﬁ%lrm?%La&eng 1guFgior, a?rgé%c(f%sﬁ qrgie PR At em
that utjhd Lt i i i i confi.quy.ation, as
i sl oshel FaF e e PR bRalrl Wi e e 80 os bL S0 AR5 it Sl BL R
sour cessihgle ioabearsiotd e plaedity of desieéd daestidis. ThePreReRThidtorpisRhus al ity
of desired directions. The present invention is thus directed to such a
need. SUnpgierltosudtHENRe®/ENTI ON [ 0013] Accordingly, the present invention
provides for an interlaced ion guide apparatus to enable ions fromtwo
separate sources to be nmerged al ong a_predet erm ned |ongitudinal direction
for collection and/ or ana Bot—a-50 23 7Y he reverse path,
predeterm ned ions to be sequentially directed along a selected ion channel
to al sqoemsgbl e ActordifgB ) Bhepreseht REhABn PGV ' rm ned
domst?[earn[?i nstrurrenté [00?4] As anot he?’?asgg(%tf&g%l ﬁgﬂ%%s%ﬁfﬁﬁﬁgenti on,
t her e iapparatvisde¢nabledess fper twosepamntsymirees tdla menged plongtes t he

af orenenti,oned i ncifrl aced ion gujde apparatus to enable the mergi nglﬁof

pr oduceRFefgismined fongaydingl diseciondor collertiosyand /rarplysis hutielse eaables in

source j [ f o term ned _deownst ream i nstr nts.

[ 0015] tﬁ?\qg‘g%%% ggj?\%gtr(\?\ﬁi%ﬁﬂg%% e Qé‘gggé‘?‘}“’%{y ys‘gllr%%%a & ﬂe,leTLtﬁ 197 esent
i nvent i danRE 16 efhdble FoFBkAAB10 LoDRRIRL 4y &m)ia@e EQ&et ving an
interlaced rod set, that incl uges: Orecei Vi ng/ I ons 'lt h?%an%nﬁl}ﬁced set
of i on dpwogrednadnstodesntst he i nterl aced set of el ectrodes being configured
froma first and a second set of ion guide

[0014]  As another aspect of the present invention, there is provided a mass
spectrometer system that incorporates the aforementioned interlaced ion guide
apparatus to enable the merging of produced ions or if desired to direct ions produced
from a desired ion source sequentially to a pair of predetermined downstream

instruments.

[0015] In accordance with another aspect, as disclosed herein, the present invention
provides for a method of operating a mass spectrometer having an interlaced rod set,
that includes: receiving ions within an interlaced set of ion guide electrodes; the
interlaced set of electrodes being configured from a first and a second set of ion guide
electrodes that respectively defines a first and a second ion channel path; providing an
RF field within the first and the second set of ion guide electrodes to radially confine the
desired ions within the first and the second ion channel paths; and providing a DC
voltage gradient to induce DC axial forces that act on the received ions so that the
received ions can be sequentially directed along either of the first ion channel or the

second ion channel paths.



el ectrodes that respectively defines a first and a second ion channel path;
providing an RF field within the first and the second set of ion guide

el ect r odesoto1oweaassal | y confine the desired ions w thin rhestesieng the
second ion channel paths; and providing a DC voltage gradient to i nduce DC
axi al fayagp tNatacasidadie With h 0@l ¥§shct 8 theSRebditlint i&%ctﬁbffefag L QPRIeqaN be
sequentially directed along either of the first 1on channel or the second

i on chamethogaf bpefabidhgt mians spatraactee hwving n interddcedsipaciuidé rodeetthas ent

i nvention here i s provided a nethod of operating a nass spectroneter

havi ng HilWdRseFecBERE ions Withirea fisst anst a serend set pithssguidecieatrodpsiinteslaged hi n

2 resul SRR RGeS ane omifReRiofRbRars) tierain Bt Hiprctiad sBisiionon
channel shinddRirtite deted fitst ahd A cond SSPOhARD gﬁlﬁg %Slﬁ%?ﬁé %htﬁﬁ%(]hdc'on g an

RF field to radially confine the desired recelve I'rst and

t he secomballynonfimnttel dgsatcdsieceindd pomvithigtie 6t wal tthg se@nddiogthahfiell Nnduce
DC axial forces that act _on the received ion so that the received ions can
be dir ePpide and previdingip D{avokiage graslient torindnesPEl axiplforqds thetastdintley, t he

present i nvent.ion ovides f.or . an apparat.us that conbi pes twy i ndependent
sets of "§FEES rl8ﬂég%?t.t e Tecaiyed b‘?ﬂse‘%%q?enélé‘ﬁct?a?%F}Pedl@éﬂﬂf‘%%m\{\@'ﬁp‘{r’]]@ ¥8rm a
resul t aghadRafti pol e structure. In such a novel structure, ions originating
fromdifferent sources can be neasured for separate or conjunctive ion

lib i . i lysis. with h foi
S t o ldotfy 0 Kol b BRI Gtigh RrdRitlesiif of RBbeRip PRbiSPE EES co
of the ﬁ/(/@ﬁft{)sté)ehﬂ\éﬁf‘&été?ﬁf El@c@oﬂ@é’ng.re.s,‘?nﬁﬁ R g@g%@hﬁ%@&ﬁé&@%h&&% P

sequentially directed to one or re do am anal yzi ng 1 nstrunents al so
wi t hout reshBacosiuligpolasatuerireglrssudhchnogelishaictine] e)origih g BoSCRIIERN OF
THE DRAWNGS [0018] FIG 1 shows an exanple Y-nultipole device of the

pr esent SQHERTRATORE Meos g ddor seRpTatepicanysrisive ippeabibratiop aml far (uvte) doms a

second al .qonfiguratign of an interlaced Y-l ti . deyi ce havin

snoot hl %r%gg% st\ﬁfl%odlt écﬁ% 8?§t 003 dan source sw1§:liung 1neff1c1ency. AP&lh%onaﬁy,be 9
operating the Y-multipole device of the present invention in a reverse mode enables
produced ions to be sequentially directed to one or more downstream analyzing

instruments also without the cost of analyzing switching inefficiency.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018]  FIG.1 shows an example Y-multipole device of the present invention having

straight electrodes.

[0019]  FIG. 2 illustrates a second general configuration of an interlaced Y-multipole

device having smoothly contoured electrodes.
[0020]  FIG. 3 shows an interlaced Y-multipole configured with DC offset electrodes.

[0021]  FIGS. 4A-4D illustrates applied DC gradient potentials to direct ions from an
example interlaced multipole resultant ion channel path sequentially along to separate

multipole ion channel paths.



[0020] FIG 3 shows an interlaced Y-multipole configured with DC of fset

el ectrodes. [0021] FIGS. 4A-4D illustrates applied DC gradient potentials
to di rectwDanm/i8ossm an exanpl e interlaced mnul ti pol e resectrastoion2channel
path sequentially along to separate nultipole ion channel paths.[0022]
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separate mul tipol e i on channel | nter ace pol e

i on chasepetatpatuitipble ioa qhaﬁﬂehpathlaw@ atrt:ﬁﬂtax{t@ﬁ%]]ac&ﬂ enulbipshoion c&i&nﬁélam)' e
gener al ectronmeter that utilizes an interlaced Ymultipol e having straight
el ectrleégoﬁ therpresent wmyentigio a resultant ion channel . [0024] FI G 7 shows
an exanpl e general spect rometer that utilizes an interlaced Ynultipole
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ei t her configyred ion channels. DET
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word a t u nter and a
RRERT dTth{?mgh's?ne 3(;) hs a{:&toﬁ?&@%@égﬁg {d HePld ﬁlaod r‘}?]éf‘ P ta

wor d appea ng In enconpasses 1ts o unl ess

i mpl i cu&ulm&meeplab@dwrycmstood or stated ot herw se. Fu_rtherm)re_, it is

under st ood t hat for any given conponent or enbodi ment described herein, any
ates or alternatjves listed for that conponent nmay

f th bl
gener :I 8@25? %&‘W? a0 KPP Senerabspsichemelar that mtidizes theodendee ofifieess

i mplhi 1 | t st ood r st at ed of her .eov is to
b appiiciert lave%‘ﬁci Vst S ol P i eceiBB e Bahrely cr awn
to scalifto s Jf the SéParafely Nba cAB¥ndls, drawn nerely for clarity of
the invention. Al so, reference numerals may be repeated anmpbng the various

figures to show corresponding or anal ogous el ements. Additionally, it wll

be understood that any |ist @rPASREBIIAEERIPTION &l ternatives is nerely

illustrative, not

[0026] In the description of the invention herein, it is understood that a word
appearing in the singular encompasses its plural counterpart, and a word appearing in
the plural encompasses its singular counterpart, unless implicitly or explicitly
understood or stated otherwise. Furthermore, it is understood that for any given
component or embodiment described herein, any of the possible candidates or
alternatives listed for that component may generally be used individually or in
combination with one another, unless implicitly or explicitly understood or stated
otherwise. Moreover, it is to be appreciated that the figures, as shown herein, are not
necessarily drawn to scale, wherein some of the elements may be drawn merely for
clarity of the invention. Also, reference numerals may be repeated among the various
figures to show corresponding or analogous elements. Additionally, it will be
understood that any list of such candidates or alternatives is merely illustrative, not

limiting, unless implicitly or explicitly understood or stated otherwise.

[0027]  In addition, unless otherwise indicated, numbers expressing quantities of
ingredients, constituents, reaction conditions and so forth used in the specification and

claims are to be understood as being modified by the term "about." Accordingly, unless



limting, unless inplicitly or explicitly understood or stated otherw se.
[0027] In addition, unless otherw se indicated, nunbers expressing

quantiti esoabioesgssedi ents, constituents, reaction condi PCorus2aod2aes forth
used in the specification and clains are to be understood as being nodified
by the heficatedbdtie corteh9! the@ihherivall REahideirs 3beMrilPir 1 HRBf-afi¥n ahlie
nuneri cal paranmeters set ‘forth in the specification and attached clains are
appr oxi attadhedsclaiist anesp praximatéperitinnmaypeny depeddiig epop tiopdedirees sought

to be obtained b he subj ect tt%r presented herein. At the very |east,
and not PEYeRf{ess {to pg btained ydhg spbiestitatisr presentediberein. it the very

equi val Al .each ri cal. paranete houl d at
oast beteahd rogds if SBeafhe GifiieRs ARpifRER MU H SR nf Bl A SlerBaRire
and by gipl)f M Elatths adarh R pheshaied gﬁ@uld\ﬁ}tmﬁt%%t&%&ﬁedmﬁght be
nunerical ranges and paraneters setting forth the broad scope of the

subj ect theatumsbempofasporied sigmificantadigitappddyi a}’qﬂym@ordiherymulmfdingl val EFS
set forth in the specjfic exanples are reported as_precisely as possib|e.
Any nu rr'i?Fh’&]&llue%i}]ﬂB@l,d‘ﬁB%V@r that the-nemerigalsgnges and paramatess pejting forth the

necessagl | | §] [. st andard.deviation found.in their respective
t est i nggﬂr?g?iﬁss[ﬁrgéér:gﬁﬂys@%? rr}zlﬁn? srgP(?beﬁq@ﬁr‘flaﬁf%]apﬁ‘ﬁ%lmlé)@ﬁ’g the Rrmetical i s

di r ect e¢alti@s Set YorMlihitRek e@ﬁ@@kéﬁlg&saﬁg réFSrRQla APRIRR aggéﬁﬁﬂ%dAh merge
ion beams fromat |east two separate ion sources or as another beneficial
ar r angenmeméricali vadues, hosvavgh anherenilyaronsainreegtaimérosenedessarilg pesdehg Bagrhs t o
enabl e collection and/ or manjpul ation by one or nore desired nmass to

char ge ¥eIstndasd dayirtiomiqunehisniheir repperctive testing measplesiensy. a nass

anal yzer. [0029] To reiterate, it is known that nass spectlrorret erdjsysterrg
nost of ' Lons froma desired single ion source along a directe

I on pat%gg%ﬁgg%%%%%&?ecei ved by an anal yzer for nmass/ charge (mz) ratio
interrogation. Generally, four, six, eight, or nore equally spaced rods can
be confj0g28led ilhegresdriténveantiat Briitetdd/ tsp Nemiubipolarappagetie ahdiethiode
(i.e., guide) the ions along a single ion path to enable high efficiency
capt ur APRICAAR dpsighed to megge don beana fwnat legpistwarseparate ionysoutcasmeasunent s.

' ' ' royi ded .t he pass spectroscopy comunity a
vV\ha: Lgblsaglgor%hgr o %{a?tall“r(?e\rr]lsgepr?e\{l% dikéct'a s?ngle ion Beim solirce into se;? rate optical Y

paths to enable collection and/ or manipulation by one or more desired mass to charge

selection mode instruments, such as, for example, by a mass analyzer.

[0029]  To reiterate, it is known that mass spectrometer systems most often provide
ions from a desired single ion source along a directed ion path so as to be received by
an analyzer for mass/charge (m/z) ratio interrogation. Generally, four, six, eight, or
more equally spaced rods can be configured in an often substantially spherical
arrangement to urge (i.e., guide) the ions along a single ion path to enable high
efficiency capture, transmission, and/ or storage of ions in a variety of instruments.
While such configurations have provided the mass spectroscopy community a valuable
tool, the resultant interlaced configurations of the present invention additionally enable
introduced ions not just from a single ion source to be directed along a desired ion path
but also enable ions from a separate distinct ion source to be introduced either in series
or simultaneously into a first ion path. Such a novel design enables ions to be
introduced if and when desired, for separate or conjunctive ion calibration and/ or

(m/e) ion analysis without the cost of ion source switching inefficiency that includes,



tool, the resultant interlaced configurations of the present invention
additionally enable introduced ions not just froma single ion source to be
di r ect ed wbaeng/mosdesi red i on path but al so enabl e ions fPrcomsariseparat e
distinct ion source to be introduced either in series or sinmultaneously

into a bufsinot Akt Pighifed &)esadssavp) arﬂf?é@ébrﬁﬂ@m&ﬁnﬁlﬁib? Arbther batidredced i f

and when desired, for separate or “conjunctive’ion calibration and/ or (me)
i on anaaspsicsofahetpresenthinventson ifpriovidesbloy opesatingcthiengmuléibblecdericyof that

i ncludes, but js nat just limted to, disassenblr and reassenbly downti ne.
Anot her PISRRY inverflon in the reyersedirestionsso as toveambleions Srqsn e single seyresgerhst i ng
t he Y- i i resent: i ntion in the reverse direction so
as to crabenf iy SRAER ot of W, ANERER PR RTbhE e ibre peS St Bt ot ot

the intgdnigleda Sehdrhtd PaiPBL dOSirdPERaIFEAGES, such as, for exanple, a
separate pair of ‘desired analyzers. [0030] To enable a directional guidance

of the jons in either of the above discussed operating nodes, a RF voltage
of adj ud0a® e Jienablgma dirsetiong) guidercestf the iens iamither o vhe abowd disvwised wi t h

a1 1 or nagrgne O R it Bl ot 2R bt et Bk oF SpitpabEibut 1 ne
assenbl seveMiiRvoUS Wviflla @ferqgggﬁrﬂ?ﬂ& Eﬁomfﬂﬁ% ?12‘) toqbolitht Z ﬁaa\ﬁgfgdf | xed

RF phase rel ati onshi ps and es to the a rnating rods can SO be

utili zew thasltemaifrig sl ati80efegedaslout of phgst fibhosachasthepPhrioaghBustienct DC
of fset axial voltage gradient(s) (e.g., a voltage gradient from about +1V
up to a¥semblzdVhile suchaps arismggnenticheneficibRF altageschaying fiiedREyphiset he

cont r ol AU %@“i@%ﬁ@@@%ﬁdﬁtﬁeﬁf Pt om o B aized 1 AuepHons o
R e Tt S S R S I O o A

gr adi entdlsggeqradizat frgeh abeat €UV pipefocdbatut -30V) ban a1e L dyirRicREy appakd fih el d
el ectrodes, as known and understood in the art, which can be situated

ext er ngfonjengion withghe fdvtosnanipsatedonsalongtiesied clirastionst Moc¢aweesionhat
make up, devi ces, described herei

- ' . Ex | lal field
e UnchiecmiLupsLe e s desathed hov ey, Examle oG oyl T1El
por t i OnghPhs LRGerftdBd by Bhdset QIS SkilFh Kk 4o B S8k a?)‘c})rgc(fant%aci}lé’é/ et al

bands spaced al ong
aforementioned distinct applied DC offset voltage gradient(s) can be implemented

preferably using one or more DC axial field electrodes, as known and understood in the
art, which can be situated external to or integrated with or between the electrode
structures that make up the Y-multipole devices described herein. Example DC axial
field electrode configurations can include, coupling DC voltages to segmented portions
of the Y-multiple structures, providing a set of conductive metal bands spaced along
each rod with a resistive coating between the bands, providing resistive coatings to tube
structures, resistive or coated auxiliary electrodes, finger electrodes, curved thin plates
contoured to match the curvature of the electrode set structures, and/or other means
known to one of ordinary skill in the art to move ions via induced DC axial forces along

desired ion paths.

[0031] To assist in the production of such RF and DC fields, known components and
circuitry, such as, computers, RF and DC voltage supplies, RF and DC controllers,

digital to analog converters (DACS), and programmable logic controllers for dynamic



each rod with a resistive coating between the bands, providing resistive
coatings to tube structures, resistive or coated auxiliary el ectrodes,
finger elwotzmdssessocurved thin plates contoured to matclrcrhms2aony@ttir e of
the el ectrode set structures, and/ or other neans known to one of ordinary

ski |l idonkdte oREle &SIV DA PhlEagdsars it ecpﬁlt%)‘ch@lpr&fzs‘%h@ﬁ?vé{t%gsoga%%r ed ion
paths. [0031] To assist in the producttfon of such"RF and DC fields, known

conponenvsge &g adong desired icrupathasyitiiorthe Yenrasltipblesappdpituscinidy@e othigpl i es,
RF and DC controllers, q&ii, g(i tal to anal og _converters (DACS), and
pr ogr arfPEMPRNSNSYIntegiateq Bitpdhe sygemgressribechhenesn. Mpreaver dpasaisriveitage

desi r oq P BNE LR I Pro B A e RO B et G Mot Be 1P ot sPRER & dinshent o
| nt egr adyathnhiohily tORrSNEd 18 f&eé&&ﬁ;}kal‘ré?% E(?hg:t:l@er, Mﬁﬁfagg{mdg Shaafiel gktage

supplies required to provide the and DC Vol tage levePs are

capabl evalfagbeimuy byadjusied dnd dentged| tbedeatithe nbeds efkapptticular sonpleiiset bhe
magni t ude and rag:?ﬂe of voltages nay be adjusted and changed to neet the

needs dRrgetpems fodks anal¥zahl e or set of target ions to be analyzed. [0032]
It is also to be appreciated that within the systens discl osed herein, one

or 0" 30032, | SIS0 AorblARE bt AiHAMY s ML didR L08R 8] 50 be

i ntroduced to guide desir I ons al ong a predeterm ne i on

| enses mare iondensds knlown by ehosetoflordiriaed skill irl learstAcKSo beahtrdHa¥Y to
inter-pole | enses, conical skimrers, gating neans, (e.g., split gate
| enses)guide desiredhiang@benge eredetarminediompath fuich igeenses coh indedprmseme

| enses) . <iomjiathyfbiah dolenss con infiude nst

i cot TR PRAET i ertt i BB G mole Eoheeqoehe! Q@%&m%ggé%tlﬁeé or
_ : _ _

Accor ol ety U5 BEAr NSEE ey P oA R A ARREN Rece HIRE o

i nvent ipreserit ieveraion scad tondirge prodetepnaicl ©ds albhhetis: 16aRitheinal Hakr9aat ed
and/ or mani pul ated by the interlaced (i.e., the conbined) Y-multipole

st r uct tResden todreorseeiviedbyi ether subsequenisegtions and dof dgwnstteam iopenatents n t he
nmer ged co figLFJ)ration lons fromeither of the separate sources can be

oper at SYR 8PPy SXPNPLe PENRSHANRLY s at i on and/ or

[0033]  Accordingly, by providing the configurations and approaches of the present
invention, the resultant merged or separated ion beams can be interrogated and/ or
manipulated by the interlaced (i.e., the combined) Y-multipole structures disclosed
herein. In particular, if configured to operate in the merged configuration, ions from
either of the separate sources can be operated solely for sole ion calibration and/ or
(m/e) ion analysis but beneficially separate sources are more often simultaneously
merged by directing ions from a second beam path into a first beam path to enable, for
example, conjunctive ion calibration and/ or (m/€) ion analysis with ions resulting from
the source as received along the first beam path. Also beneficially, if the multipole
device of the present invention is configured to operate in the reverse direction, the
present invention enables ions resulting from a single source to be directed sequentially
to a pair of instruments, such as, but not limited to, a Time of Flight (TOF) mass
analyzer and a triple quadrupole (Q3)/linear trap hybrid configured with a switching
functionality of the present interlaced device near the collision cell to enable analysis

with either the (Q3) or the linear trap.
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(me) ion analysis but beneficially separate sources are nore often

si mul taneously nerged by directing ions froma second beam path into a
first beawopatansbssoenabl e, for exanple, conjunctive ionpcalusbeabeams and/ or
(me) ion analysis with ions resulting fromthe source as received al ong
the firspehifidDeBdtiptionN so beneficially, if the nultipole device of the
present Tnventron Is configured to operate in the reverse direction, the
present invention enables ions resulting froma single source to be |

di rect ue i h-Ainlo% | | AR n e

to, a Ti ?r%ﬂgf E}ﬂkglﬁ‘tg rz(%%’g? tl?rggga‘g{r?gs ’;/]Izsfe(?'qan as ?r%?%f@e qugg%hpeg?’}glﬂ(l %ﬁ)‘#

| i near mudtipdly bon dptioappatatas) gankrally Gavi bd Gyfthaebfeddtdel ime#al 10SSuhesent
i nterlaced device near the collision cell to enable analysis with either

t he ( QAN erample arrangementipclggdes afpair Gexbsiantially stedgh elddrodasetsiaw t o t he

appar at e dreeh ) Fedediaand { fereeiell Gt ctiatripaes) Gapablaipldiving

| ' ' i r.ai | ect rade
cors anBLEarRe Fallaltiof) LORpoRpAR thaflarPUttAMAR CohiHh R Jihe ApSEtd 8
quadr upnliesf suchadedit @leddet BavicAgres AAY ¢RErIBLed slpRdvillk ebita ARAITABBRIYtFudh@ can

substantially contain the ions close to the axis of such e.I ect(ode set
st ruct Uegs amertitpole) hta portion BHoes povided hy the intpdheingtoontiguratireand as an
the_interlacing _configuration

I ' 1 Lded b
and s & gfitﬂglaﬁl&%%lagﬂ“%@c{ fe62 Bl phelécisntie sup 1enecily dckenegirial asstio | A
b figd as?ﬂ?c@{g . Ure. 1S C 0ty of directing
dgg ?rle [ %)lr?s elt reeﬁg fﬁ%g%&@%ﬁ%‘n‘%&ﬁn&%‘%ﬂgg elgﬁgflgf#g}?re%ﬁt%ﬁ rS?)lfl eH"tpat hway or
al ong dhedriaeed sEpeict 6ptd prHW%F@r bIBn%Rﬁétﬁﬁ&@e Arafe HRYEHSSS TOREratt032]
Specifically, the Y-nmultipole 10 of FI

1 can be configured tO either
di rect reverseanedry separate ion pathways via el ectrode sets | and Il to
nmerge ion beans at the into a single ion directed path 11 provided by a

resul t int e Li 1 pol e..st ructur I e,qg. resyl tapt ogtupol e)
or 11 Ao SpRIR, b RS S 16 S 6% chuPguitia AlterBidPa: Ton
of i onsoAd ARBgLephidis tor 9&%3}3 b bREHI0AR Setsa #hd 11%%&&011%%95% thés
shown wi th acconpanyi ng dashed directional arrows), via<he respective
st r uct untda single ion directed path 11 provided by a resultant interlaced multipole structure
HII (e.g., a resultant octupole) or if utilized in the reverse direction, enables the
sequential separation of ions along distinct ion path directions, e.g., along 11’ and 11”
(as shown with accompanying dashed directional arrows), via the respective structured
split electrode sets I and II of the device 10. By incorporating such a device 10 into a
mass spectrometer system enables at least one ion source but beneficially two ion
sources to be coupled to downstream instruments, e.g., an analyzer, or if operated in

the reverse mode, enables ions originating from a single source to be coupled to one or

more desired downstream instruments (e.g., a mass analyzer).

[0036]  FIG. 2 shows another exemplary interlaced Y-multiple ion optic apparatus,
now generally designated by the reference numeral 20. In this example arrangement,
however, the pair of electrode sets I and II of FIG. 1 (e.g., ion guides) are now
configured with a substantially smooth radius of curvature (e.g., see reference numeral
15) of which still enable the production of induced RF radial field components to
substantially contain the ions close to the axis of such electrode set structures. As before

in the discussion of FIG. 1, the Y-multipole 20 of FIG. 2 can also be configured to either
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split electrode sets | and Il of the device 10. By incorporating such a
device 10 into a nass spectroneter system enables at | east one ion source
but benefwoizaldogogseo i on sources to be coupl ed to downstrrcearseemsteasrent s,
e.g., an analyzer, or if operated in the reverse node, enables ions

ori gi nah{egge foPBRAnSIe |a:s.i13él,@ (68 diRcREl &@HBE atﬁ'lfiélgsglg] RfediBiaft gﬁéha&%

downstreanti nstrunents ( a mass anal yzer). OWS anot her

exenpl amulfipolerstaredreYergy dri gdtapblerasqinetal Bpstesvih by, the AenpesEdated plane
designated by the reference nuneral 20. In this exanple arrangenent,

however 11}, 9& isdgsireds tesplittfromehs apultipokmintenlacsd strugtute IIE sg as to enaljai des)
are now,confjgured.wth substanti al.l y spoot h radi us of curvature (e.g.,
see ref ‘él?séﬁeéiel Hﬁﬁ%?réﬁteaiisﬁe S Y caa 1@(:{& BE lﬁwtﬂP’d&t}EW‘%;rP%#‘ i nduced
RF radi Fedcd 0 ” . ' nﬁf(ﬁrﬂé ' . 1LOF I .t he
axi s of aisfﬁ%:t?\&{(g ( ee'g?'?gdgﬁ(gg? gﬁﬁt&?ﬁ%@gé&%ﬂ %ae or a?%h‘{cﬂglrg&g%ag & ?%S\Nslf a=el

1, the themebpéqpiviestRtwiedrspht eRcodeaksd dirl HoAli0sihathrite the YoRRM@HSEIe 100N
beanms into a single ion directed channel path 11 via a resultant interl aced

nul t i pofiescsibed@bgve apd ag shoum indflpd, thex¥-ryshiple R0 devivevaf FIG. 2hdsalenot ed
dashed pl L i f desired, t lit f he multipole interl aced
ct 1 uot upeaRiallydriabMs Atdedst one i poGisc gk benfitinly Buf 1ok SBBtea e Pl | 3

di t LSt ' I ' iQn . . 11' and 11"
(Shown 1A% doairsBehm SRR o LA Ay 561 (R Wopdiatd in'the 80Tt

st r uct umedes@idbleseions brideatsst om a@ﬁhglé s:.LOLﬁJcé ® bé %ﬁ?Iedtt‘é dritCortmBHd &f pol e

10 described above and as shown in Fl the Y-multiple 20 device of FIG
2 al so pwhedownsgiréam émgitimentst | east one ion source but beneficially two
i on sources to be coupled to downstreaminstrunents, e.g., an analyzer, or

o]
I f oper in a(ele l.esi oy i gingati froma.single
sour ce @ggﬂe co%%%&lgé%ﬁg gg‘r ﬁir?of'gl? @fh%g b%ﬁ&?&éﬁ:g?ﬁ%@rﬂf Rﬂ% P F?Pﬁ&ﬁt%".enﬁﬁa?,?]
Gener al jgelftie p€tehbedbnfidige pmﬂéfllﬁathmTLQde_@féeQﬁxmg(aﬁ ecﬁiiv fit Brsorent
invention itself is often a configured pair of nultipole devices having an
equi val dettredss, vheetineprb oé the edrdigrirad ebatrodles iheapabid bObing cehfighrelies i s
capabl e of being configured to have operating |engths of up to about 20 cm
that ar "ierﬁl%eFP‘é’&%ge%’égﬁﬁf HRd9 apguhQemcthabatedstariagad (sambinsd) éo produxew e.

For ex aﬂ&)ﬁﬁanttrgﬁltﬁ;cﬁy BRSPS ex%?n;gjlg,v tih%e?-rrgliﬂ%(f)loi)esﬁg 20 devices disclosed

herein can result from a pair of tripoles interlaced (i.e., combined in a manner) to form a
hexapole, a pair of quadrupoles interlaced (i.e., combined in a manner) to form an
octupole, or a pair of hexapoles interlaced to form a dodecapole, or as another beneficial
example, a pair of octupoles interlaced to produce a hexadecapole configuration.
Alternatively, while the above mentioned configurations are preferable in arrangement,
the resultant multipoles of the present invention can also be configured from multipole
devices having a non-equivalent number of electrodes, such as, for example, a
quadrupole interlaced (i.e., combined in a manner) with a hexapole to provide a

decapole or an octapole interlaced with a quadrupole to provide, for example, a

dodecapole.

[0038]  Moreover, while a desired shape of the electrodes that make up the Y-
multipole 10, 20 device(s), as disclosed herein, are often hyperbolic, it is to be
appreciated that flat or circular cross sectioned rods also having lengths of greater than

about 2.4 cm, more often from about 2.4 cm up to about 20 cm, can also be used to
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herein can result froma pair of tripoles interlaced (i.e., conbined in a
manner) to forma hexapole, a pair of quadrupoles interlaced (i.e

conbi ned wo 2a1mmosser ) to form an octupole, or a pair of poespalo®s0278
interlaced to forma dodecapol e, or as another benefici al exarrpl e, a pair

of oct ug@ﬂl&ﬁté RE %réca@@fielhqlrws%%ﬂﬁr fo H@‘tﬁ@@f‘&ﬂghf ﬁéﬁifﬂﬁléwéﬁ 1d line
gu a Pe in

Al ternatively, while the above nentioned confi ati1on re prefera

ar r angebetweentthe rods utithanit dephttimpfres tie ddope phdspitit bhterihvemtisan al so be
configured frommnultipole devi ces havi ng a non-equi val ent nunber of

T iR ° e Rhe Rl et AT Oh PRoTH G RIbEHAR b Fing Bt pel ’Tgfe%ﬁg n::]
:VB: g(r)l/g?@lﬂ)l% 5 t1e ﬁde*g%‘ﬁﬁ%ﬁ% %fétl‘%}[‘?&lgﬁlaoﬁé) gtgsgﬂi %g . 8¢ t(?'{%gﬁ'(égeqlq ifvertid

Ymul ti pcﬂraﬂ:ﬁxde%)v&h&&ﬂy&ﬁ(s@hrce%ﬁkr@vﬁﬁhﬂé @%db@d%@d)dl byah8sefr @i ftaw%f Balssc, it
Is to be appreciated that flat or circular cross Sectioned rods al so having

| engt hsSRsictigseenye rsudhaﬁ g aat hznmed:tq amﬁlectmétpeay fowizatioo GousceAESH), ap t o

bout 2 | edto RFeIectrlcfleIdllnesS|mlar to
? hgut he@?&&%ﬁ&gﬁﬁg Zﬁ%}lEBrSSBF D) pRLYmRsRRess trﬁ§W%é%nlﬁﬁ¥%ut

depar ti gg,,t& Eﬂi’f&h& afelfion a%PQfI Lorﬂ%atﬁcﬂfsdd’%g N G@2nich PR3P %at%% feially,

exanpl e 1 on sources t gl'y or sl mul't aneously co ed to

t he confdgué,ain BIYCI@bnibifatlomibiizadbessieée ceSurkfce-ERhhcddader €se “t
i nvention can include a variety of sources known and understood by those in

t he fi eDesarptiongonjpeton (Fddpl), a basdr Resorption bonization (ed)tion sanrce, and a

S| t I t urce
(hanoESHRt Y AsRiles L oo TS Tomstion N S h DO et (R TeSBrtEp ect r on
| mpact élﬁ{dltdn%Bhglgtdoﬁﬁhﬁguc%elonasoggcreega%gnghﬁ&{tizo% déq_ né&%@%f%ﬁg 6%1%” B/ d

conbi nation 1oniz urce ance

| oni zat feglltaSErbIn) an APL368FcelREPs MADPDI kOitce b efmihhid theitRie HOWL SWitch
Matri x Assisted Laser Desorption/lonization (MALDI) source. Wth respect to

si mul t aftenuehesauapks agotheo. Aootheo beneficialaappdisption atdudd besto clqublle,lﬁileﬁﬂﬁr gi ng
i ons resultant fr APl source and a_MALDI source to elimnate the tine
from swiQWRt ARd gﬁ]/gﬁéo’é@ﬁr tepgereraHpg flectrodransferisassosiationsBdB)cat i on

woul d bFea%Qnt%P“pl e an APl

[0040] It is also to be appreciated that a number devices configured as analyzers
(any device capable of separating ions based on one or more of m/z, charge, species,
ion mobility and combinations thereof), can also be coupled to the Y-multipole device(s)
described herein and can include systems having single stage devices, e.g., linear ion
traps (LIT), an ion cyclotron resonance (ICR), an orbitrap, a Fourier Transform Mass
Spectrometer (FTMS), or dual stage mass analyzers, such as, a quadrupole/ orthogonal
acceleration time of flight (0a-TOF), a linear ion trap-time of flight (LIT-TOF), a linear
ion trap (LIT)-orbitrap, a quadrupole-ion cyclotron resonance (ICR), an ion trap-ion
cyclotron resonance (IT-ICR), a linear ion trap-off axis-time of flight (LIT-0a-TOF), or a

linear ion trap (LIT)-orbitrap mass analyzer.

[0041] FIG. 3 illustrates a more detailed view of an example Y-multipole
configuration, generally denoted by the reference numeral 300. Such a novel apparatus
can be configured to sequentially guide ions from a source toward alternative desired

ion paths (i.e., as shown by directional arrows denoted by reference numbers 11’ and
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source and an ElI/ Cl source for generating Electron-Transfer D sassociation
(ETD) reagents. [0040] It is also to be appreciated that a nunmber devices
confi gur esoasioasedsyzers (any device capabl e of separati rgTiusasiobamesl on one
or nore of m'z, charge, species, ion mobility and conbinations thereof),
can al SpIhCoiGaLtab ttekiathie gitdBiohb Pebgu M6 @gpag%%_csﬁhl?@ég.a@&ﬁ§b Refiy can

i nclude systens having single stage devices, e.g., linear ionXraps 1 T),
an i on singledonguath % ¢asesiwevit bERn, acammprahytrr@prgeadﬁewidnﬁdl a'ffm)sfzi@rtgb Masls /
Spectroneter (FTMS), or dual stage mass anal yzers, such as, a quadrupole
olrot hogo’f‘f‘é}ﬂ"é’é‘b@{‘-’%?%eddﬁumﬁfﬁe glecfrodg ﬁ@tS(Ic?mm%le(?-g-,el\/Iutlpebasdh and |2 magged e of
flight - Ay Lineard trap (LI T)-qQrbitrap, @ quadrupol e-i

cyclgot rlfr)l# rlrel-s{r(%;elélﬁ ged {1&ER) ,I_Hlaﬁﬂ?‘gﬁl E{%raa%aﬁ-f%ﬂqw» é’ﬁ?%ﬁhﬁ“ggdﬂ éﬁ‘g éximfl’gflrgél?) . a
l'inear m@mipslaBo0LE FEG! §atd Ql%cﬁfcaﬁ%'cgﬁkgﬁl-ﬂ)& G{??c'tp_cg:e)s’woﬁl,aaﬂd éf%‘r_ﬁ,' af}let rap
(LIT)-orbitrap nmass anal yzer. [0041] F 3 ilTustrates d nore alled

vi ew of eleatredesiyphewX-asexhigrié brarahed portibhe83 (@gN Sihgbt ¥ledababsdo Mudthate

reference nuneral 300. Such a novel apparatus can be configured to
s equentﬁl&lcapa@hm ef haviagrmenetenieallydacreasingdralaceeasing applied DGkevelsnThat hs

naz ity H i Fhe B0 eteBliri e b acde Fodth e br bR Bur ces
al ong aFRES ik 8mei 1t @xbRIH RO ré@eﬁi ﬁﬂﬁ}ﬁ%&igé. I?flu%l | p?%ﬂyél J: 3e

! . b [iﬂi)
directional arrow) via the resultant 1nter ol'e electrode sets |

and |1 designed tdddcppl gositicancthat menigeide iimnteefeadhdenth ke RY &g gadk! | (shown
as a dashed line)). Also shown in the exanple Ynultipole 300 of FIG 3 are

el ect r i Teanltingdsomp| the etsctwdesetsobiend Boof HG. 3and 32 (e.g., vane el ectrodes)
shown as exanpl e branched portions 33 (e.g., f:nger el ectrodes) ;o in
[ Lok ' : reasi 0 ecr easi

i 11 ustrgheyt herﬁﬁ{" éﬂahl‘l'gocile %%i&%o%@%@%%ﬁe{tﬁef gﬁgg’cgcfréa@?p%%ees%%st I 9

applied DC’l evel s. e rePative positioning o € T0 and
|1 and etheesepaate s fAdm aaiflgldZoufce(nGt sRowh) FREBIRMatRIebA08911 HHd 117

inmproved illustration. However, such el ectrodes are designed to occupy
posi t i gismergetions fiom separatesduacenet shotn) freo RFsipgledon path #E, a_rsshut/\? img
fromt l,ect.rode sets | and Il of FI 3. [0042] When operating the
devi ce 3oft igfQe QPPWC@tF‘Re?S Knovee to thase ofwadingsy gkilkin the art, that

opposite RF voltages are often applied to each pair of oppositely disposed main RF
electrode sets (e.g., sets I and II) via an electronic controller (not shown) so as to contain
ions in a desired radial manner. Along with the aforementioned applied RF voltage(s),
the electrodes 30, 31, and 32 of FIG. 3, shown with an array of branched portions 33, are
configured to also create an axial DC electric field and thus DC axial forces in a
predetermined fashion within multipole electrode sets I, I so as to urge ions along a

desired longitudinal direction.

[0043]  The example branched portions 33 themselves, as shown in FIG. 3, may be
designed finger electrodes having computer (not shown) controlled dynamically
applied voltages or, for example, configured resistive elements (e.g., a resistor) having
in some instances, predetermined capacitive elements (i.e., to reduce RF voltage
coupling effects), configured so that the desired resistive nature itself sets up a
respective voltage divider along lengths of the electrodes 30, 31, and 32. The point to be
made however, is that regardless of how the DC voltage gradient is formed, which are

often static voltages, the resultant voltages form a range of voltages, often a range of
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ei ther separate ions froma single source (not shown) into alternative
paths 11' and 11" or nerge ions from separate sources (not shown) into a
si ngl e i omopatonsissp as shown in FIG 3, it is to be appreriust@d2@3s known
to those of ordinary skill in the art, that opposite RF voltages are often

appl i edsté@vige m&ﬂitén@fvdl’@?% td Eledite vs@l?a%%e?gmiiéh@ﬁ thé )sszfa'i QfRcHGH Bhdte- -

sets | and Il) via an electronic controll (not shown) so as to contain
i ons i nuzged éxsraldng aithat iorepaths 11°Alb1 gr i dgerated iafthe éomndrdadiectthRpp kdvesr-dRF
vol tage(s),. the electrodes 30, 31, and 32 of FIG 3, shown with an array of

) :
branche?jafﬁﬂ; i9RPadh 11greshoyn iy fl€ad3t o al so create an axial DC electric
field and thus DC axial forces in a predeterm ned fashion wthin nultipole

el ectr et SThy ' ' ' '

i oct o 0od 5 L 4HERE el DG haon b AR AR, Lt R, 1

FIG 3,desirpduivwiesigme dndtrngentseinel/iorodeer doaipled se@itisictia hag speb@eMmeter,

control | ed dynanically applied voltages or, for exanple, configured

resi st ithe reaémfttbe peesgnt applieatian isrdirested tethierses ofplotnshewnés FIGS. 4A-D
redet erm ned, capacitive elenents (i.e.,.to.reduce RE voltage coupling

gf fects ,Orggﬁol %}@HBJ}‘E B@ﬁﬁsga?‘ﬂi@g&%ﬁpleéﬁn?%g}es‘i’ﬁawlﬁ%'m@tlpgge?mg%‘é‘t‘%efﬁp a

respectd l5 FeVid I . 1, 32.

The. pol it 5 oha et enmoa® (PPt RRplefaly it ReBShSar Breilerrified 308

gr adi erdhanaelf pathe)d, which are often static voltages, the resultant voltages
forma range of voltages, often a range of step-w se nonotonic voltages to

S N T O R N T
desi r e%‘b&ﬁn@?&d@ls&lopgﬁhé Q%\BHOPQS 5 %1 g’xt‘lc(i3 B¢ fle -é_fegleéélg}svtleé 'E)eba oﬁvggdm of

operatibn so as to alPernatively sé€pafate ions i

instr urmms.&M{D@v&tdg%'?ﬁm@{t@%l@@g?Wiﬂﬂ&mf disclBred a3peas P MR Sfeseht’®
reader of the present application is directed to the set of plots shown in

FI GS. 4nvention, endble desireddonsiredeiyedrigjettetiataiavgd ohultiper@birngture #llesdep| e
3.in the reverse node (i.e., to s%%géentially

Y-rul ti pol gcgnl‘godi rreg](ty cif Fl ¢ . r

di r ect LR SHGABY el eP&HEEr jshPathdn dhatsampyises moltspole glqstrodeseat Hr |

FI GS. A(f%PI\/ﬂﬂﬁBBie%}'ch%o%&? \ffaﬁpﬂ"tﬁgt EO%S%iéé/sem%iI\)/oqle LA%%rode setl(ie, a
Multipole 1).

[0046] Specifically, to direct ions received at the interlaced multipole junction III
into ion path 11” of electrode set II (i.e., Multipole 2), relative DC voltage gradients are
desirably applied to the DC electrodes 30, 31, and 32 of FIG. 3 to induce the DC voltage
gradients that are illustratively shown in FIGS. 4A and 4B. For example, to provide the
aforementioned guidance of ions, the top plot of FIG. 4A shows applied relative
decreasing and increasing DC voltage gradients induced along the DC electrode 30
structure of FIG. 3 (as illustrated at positions A, A’, B) while the bottom plot of Fig. 4A
shows simultaneously applied relative DC voltage gradients to the DC electrodes 31
and 32 of FIG. 3, i.e., a decreasing voltage level at position C of DC electrode 31 as
related to position F of DC electrode 32 and an increasing voltage level from position F
of DC electrode 32 as related to position C also as induced along electrode 32.
Simultaneously, as shown in FIG. 4B, the top plot shows an applied overall decreasing
DC voltage level along DC electrode 31 of FIG. 3 (as illustrated at positions C, C’, D)
while the bottom plot of FIG. 4B shows an applied overall increasing DC voltage level,
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gradient |levels along the electrodes 30, 31, and 32 of the present

I nvention, as shown in FIG 3. Such DC voltage gradients, along with other
di scl osedvaepmaissssof the present invention, enabl e desi ped/usens/oe@cei ved by
the interlaced nultipole structure Il to be directed alternatively al ong

ei t her honlupaiabed by _tﬁ@ablt&%mé&zkﬁt dBidh @Wh%]egﬁat‘%{;?lpé@qté%% gggﬁat

Multipole 2) or to ion path 1 at conpri ses tipole e e set |

(i.e., pottibhithol dedyodd 82)48]cofipspondingly shown iniFIEC8. Aorwdigdgisueld at the
interl aced ltipole junction 111l _into ion_path 11" of el ectrode set II

(i.e., RADPkIPE vltagegradiepss, peilwtrated inFEIi 44 w0adkIG.dBsthadisay bappplied t o

the DC gl get 05,3, 2pNd f FIG .30 pnduce the DC voli
or aci ont S OETOE srites bt FEERGETR S pboui R FP s ikTa it aeeivit e o, 10
pr ovi denidlapaledh@iFRitl 9ecti GHITE#6€ difect@ S clddifod AR Ale, Nruftiddle 3t Shows

applied relative decreasing and increasi ng DC vol tage gradi ent ed

al ong the DC el ectrode 30 structure of FIG 3 (as illustrated at positions

A A, B047hi | Folleavipgalens b de discussipn afexe revers¢ mvkoEdratianpof de

| at | .t age. jents tp.the DC el ectrodes 31 and 32 of FIG . 3,
et TR AR e Prdeb nvRion: B GRTR ccueatbaitolacd

| at edyd 01 RES i f. DG el d i i | |
from pontpORbhARATIIY infdioft it 1#°6F eleide SR TREL PRALBEI'T) HRRI BLS,

al ong eleltdgeogiadichts Sraaddiankeitably, apgdiesitowhe DT ElecirodBs 30,51, hAa 307 FIghows
an applied overall decreasing DC voltage |evel along DC el ectrode 31 of

FIG 3 3&indycgshe RerolagpgridientndllGtrativelpphowilie RIGS. B arahdPl bt of FI G
4B shows_an p]ied oyerall,increasin C, voltage level,as illustrated by
the vol aRurokl S SIS atsrtaetfionct suisiante pbhmantiorgathiabehe e
positio I LRl | 3. cordingly
such exglr?glogi%% %?)H\gg’g agrzﬂ? %ﬁf@{é@@&?ﬁ%ﬁ?@q@@% %ggﬁ%ﬁ-l%& %Qfele G 4B
that caelebieod®pl bEHIGOS (dp@inhs flwtiatadigspdiitions A, ANIB P hildths BEWBn PloEbE

3, enable ions received at the nmultipole interl aced junction I'll to be

di r ect eBlG.Aplews sdapplied|dvegall mcreasing Dfovalte lef el 47 1lusttatedbpghal ong in

t he di scussign of exanpl e reverse node operatiagons of the Y-nultipole device
of the %&g%&@ﬂﬁvolrﬂ?é’rﬂs}t ,Gt‘efltg‘ifﬁ%l&ftct o the ylkagelevelat nositiqriF of plesrgde 32,

[ ti ) j - i .00 : 1' of electrod t I (i.e.,
| ok gah Rk Rkl SRR, 31 ©f ol ectrode sel T (1 e

[0048] In this example arrangement however, simultaneously applied relative
decreasing and increasing voltage levels, as shown in the top plot of FIG. 4D, are
induced along the DC electrode 31 structure of FIG. 3 (as illustrated at positions C, C’,
D) and an overall decreasing voltage level, as shown in the bottom plot of FIG. 4D, is
induced along electrode 32, as shown by the relative DC voltage at position G with
respect to the relative DC voltage at position F. Accordingly desired ions received at the
interlaced multipole junction III, as shown in FIG. 3, can be preferentially directed to

electrode set I (i.e., Multipole 1).

[0049]  Turning now to a forward method of operation of the Y-multipole of the
present invention so as to direct ions provided by one or more ions sources into desired
downstream instruments and/ or other coupled sections of a mass spectrometer, the

reader of the present application is now directed to the set of plots shown in FIGS. 5A

and 5B.
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vol tage gradients are again desirably applied to the DC el ectrodes 30, 31,
and 32 of FIG 3 to induce the DC voltage gradients illustratively shown in
FI GS. 4Cwoadodsodsn particular, to provide the aforenentcorisdiigoeaasnce of
ions into ion path 11', the top plot of FIG 4C shows an applied overall

decr eas{00g0PC VI fllkg@ateesifth Ahoie JPoprl&idd, WES3BA0B JrhFhicall{ 3HeW hgbtied
iIIustrg{Ogdpgt polsi@fgi gns A A, B) mhp?l e the bottom pﬁgoﬁugf (F’I G 4 slﬁows

an appl relatio/Pay oltdgecgradnidge s vial dxageple gositionasA jB ﬂanyllefcatol&ﬁz 3ty D, Ggfor -
vol t age | evel osjtion Gwith respect o the voltage |evel at position
of el gc?lﬁsﬁed%gir %Ijj;#rﬁfé‘é‘dcgm%%&ﬁoﬂqﬁﬁg?{%ﬁé’ﬂﬁ 3nasalep Cerreﬁngm@pglm this |
exanpl e g n r i u i relativ ecreasing an
ner casi A FIGES, ARHIC ol T ARAR Blone Rl el oot Pt B Lo
al ong t preskit eivefitibhkhable dbditd 108 Hm e or3IndRSiohl dovstdsat£he airebiegi ti Ons
C C, R@and an overal | decreasing voltage | evel, as shown in the bottom
pl ot of alengeither idrspathdlidetabtemprisesoial tipele 2Pectaslestet Bh(iley, Nihkipale 3f ove DC

vol t age, at sijion Gwith respect to the relative DC voltage at position
F. Acgolroﬁ'i Ih%}q}lé@lﬁt CEMATERS m‘élé‘@loiﬁe%le%ﬁm ¢eetil{t-er pAMekiinale 1) soretg Bct i on

(e TR et PR SHIER DY SRR Bk s bRPbBEER o o

the Y-nultipole of the present invention so as to direct ions provided by
one or [B96% i orfss oexarapled oftapeteson ed aslendivbetdans either sloRotos sindltatdowstyher
coupl ed, sections of a mass spectroneter, the reader of the present

appl i catit®he %}t‘}%weah m@@ﬂ@ﬂﬁ ﬂ‘éﬁcttiﬂgl Hbfiadﬁepﬁlf@ﬁe@@ﬁtamfl?di Eﬂgqir@ SQ&S\%} and llf,

. ' t.e. eration,. DA- r i ca
ahow apt T bt KA Bt b ehrlBiicd wal PrélrirRiped Selesi I JolbBr ons. A B
for el egtadadfts 3t siQn.ﬁ:tarfe%ﬁsl?lp RS tRe ’D@@chongéﬁl,?i, gﬂ@%‘i&'ﬁﬂs ?aéooénsg

el ectrode 32, as also corre dingly shown in vol t'age

gr adi entesindatetig: mldtiveoDliEevolthgegirad phtaBheeiasively dHievip e FEGS. 5AWRAI5RN,
enabl e desired ions fromone or nore ion sources, to be directed al ong
|l e el ec

o e B e, RS TR B L0dk, el (1 S

(e, AoNpWitRRR diteciOd B el tiie set II) so as to be received by the interlaced
multipole junction III of FIG. 3, it is instructive that both of the plots of FIG. 5A show
applied relative increasing DC voltage levels induced along the respective DC
electrodes 30 and 32 of FIG. 3. For example, the top plot of Fig. 5A shows an applied
overall increasing DC voltage level, as illustrated by the lower relative DC voltage level
at position A with respect to the DC voltage level at position B of electrode 32, as
correspondingly shown in FIG. 3 and the bottom plot of Fig. 5A shows a lower relative
DC voltage level at position F with respect to the relative DC voltage level at position E

of electrode 32, also as correspondingly shown in FIG. 3.

[0053]  Inaddition, to direct ions along electrode set II (alone or simultaneously
along with ions directed by electrode set I) to be received by the interlaced multipole
junction III of FIG. 3, it is again instructive to note that both of the plots FIG. 5B show
simultaneously applied overall decreasing DC voltage levels as induced along the
electrode 31, as shown correspondingly in FIG. 3. In particular, as simultaneously
applied along with the voltage gradients described above with respect to FIG. 5A, the
top plot of FIG. 5B shows a higher relative DC voltage level at position D with respect
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received by the interlaced nmultipole structure I'll for further ion path
mani pul ati on. [0051] As an exanple of operation so as to direct ions either
al one or wormlogossously into the interlaced nultipol e jeactusesiolobd27&i a t he
af orenenti oned el ectrode sets | and Il, as showmm in FIG 3, it is to be

' L Reg: ' | i re .
o Tl ATy gt o pRE GG PE e Fre S5 A BRERIR FpRa inFIG o
t o i ndudewhiie thiebattdmeploCor BIGAGB Jscshand & higHetStlativie\BE WobfaguMevel af | GS.

SA and 5B. [0052] In particular, to direct ions along electrode set |
(al one BesiEpPmF etletaspegt tol tbagelative DO Neltage yebat pysidbr dt ofcdectsmte 32,) so

as to be received by..the interla ltipole junction Il of FIG 3, it is
i nstr uc%Q@sfﬂgFS%‘Hﬁ}ngfy ?WBF%%&!O?PFI G. 5A show applied relative
i ncreasing DC voltage | evels induced along the respective DC el ectrodes 30

and 32 @058 G Bccdrdinglyauph exarnipfe DAPvIL didrls, a3Al1a50NRdaR FAGR5xed
overal | mi’on?r easi ﬁcgg DC?%ZI tagex?e\li/bgll, as il u%;ar at e?f by the | ower relative

DC vol t ar@FIGyaB that qandietapplied toi the DEshetodes 30{1@ Bad\32) a%gmgmwz Flcgt 3,

it f electrode 3 g ondi ngly, shown in FIG 3 and the
o oy B S5 5 5 MBSO A nE ik i B o1 o
Fwith l.aL,i I | ev at _position.,E of electrode
52" ol <EBBEARe dQwhBEed At Rt aN) bR ool Sy BheP Rickiobfletir faef, G 1 oct

ions along electrode set Il (alone or sinultaneously along with ions
di rect el00by] el &G 6dbowstan gxaneple@rrangeimeed oby rhss spetevhatedsystdrhj pol e
junction Ill_of FIG 3, it is again instructive to note that both of the

plots FEmeraly drgjanateshioyt theesirrpcappmesa QQOeh?ringMﬁbatsaig@é Eenlxudﬂimlgg -
' h 1 re ndingly I
5 T R e B e NI (T SR S b freafle Pt Bt R bR AL rtously
gr adi enggcelpegabbed aﬁQ%‘é%hWH"inﬁﬁ@%Qﬁhgfl@gﬁhfgge%t Bp%%[/v?t i & OB

shows a higher relative DC voltage |ev sition respec¢fto the

DC vol t@genplevsassapepoireitansil dipieteddh FdGe 6,32 shawncwithesqtedighiylniultpold i n
FIG 3, while the bottomplot of FIG 5B also shows a higher relative DC
vol t agel( eaupled o aperangedais ehexasepledon soutaes thasinthisexemplatyt age | evel

oobay sl e S Hsetpe BralioniRbire i) fa ki hetagrel 1

FI' G 5Awithin a dashed box) and a Matrix Assisted Laser Desorption/Ionization (MALDI) ion
source 12’ (also shown enclosed within a dashed box). The illustrative sources 12 and
12’ are each beneficially coupled to a respective electrode set section I and II having the
coupled DC electrode structures 30, 31, and 32 configured to substantially align with the
contours of the straight Y-multipole 10 device disclosed herein. In this arrangement,
produced ions by either source can be solely directed to the interlaced region III via
either of the coupled electrode sets I or II for interrogation using controls inherent in
such systems and disclosed herein, which of course necessarily includes the application
of the appropriate RF and DC applied voltages to the Y-multipole 10 structure itself. A
beneficial use of the present invention, however, is to direct ions simultaneously
produced by the sources (e.g., ESI 12 and MALDI 12’ sources) via the coupled electrode
sets I and II so as to merge such produced ions at the interlaced junction III using RF
fields applied to the electrode sets I and II and by using the above described DC voltage
gradient example method of operation, as described above and as shown in FIG. 5A

and 5B. Such beneficial arrangements and methods of operation enable separate ion
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and FIG 5B that can be applied to the DC el ectrodes 30, 31, and 32, as
shown in FIG 3, enable ions to be directed to the nmultipole interlaced
j uncti on wol20foonsossngi Nng to a respective downstream i nst POTAEISR01@M020270r
subsequent mass spectroneter stage. [0055] FIG 6 shows an exanple

ar r angegsibkatidn andpes(rs pOGbhaaLlyRis SY&fictaRNBhalibrAfH SR SAnbYe)ibs
ref erence nurreral(mﬁé%O(, ﬁ?gi ng noy\%el straight Y-nmul tli rpol e 10 é&ngo ier‘)rént

conf i guanadysis ehsuhr resghiantsions s edabled bysabisequent]d cemastidam aisstpuraentsusich

di scussed.aboviﬁﬁand as sho& ig tae exanp] e_arrangenent of Fig. 1.
Speci f i BalySuidss (&gl 8uidedld) apd @nabrret() 1500 depicted in FIG 6, is
shown with a straight Y-nultipole 10 coupled to an arranged pair of exanple
i on soy0eses] t h&IGI N shbivs aBsEER b ' hPBf 4 ray
o 2at ) o SoUT e (B D A SR E bl S e?

Mat ri x nesgigenellyadesigriatsd bptthe éfetere ramheral Y00\ LDthisiexangie bE@ngemensl SO

shown egcl osed within a dashed box). The illustrative sources 12 and 12'
are ea elS’é‘f‘?@PPE‘"Fl&qlaaﬁ%‘bﬁ depired igns, asshisqussed abeve, ipprowded dwami on | and

Il havi, | ect r.od ct 30, 31, d 32 fi t

subst ar sl PHEH BRI oR BRI e el B v BT ordoedy  ce

i ¢l OSaetARIEeRs T 1l TDiaS sROWANAFTRN D asRIALHERIFIGNS Y 1k RBHreS Ol fA
[T er of t cou% ed

be solely directed to the interlaced region via'elt

el ect r avefigarad Wit sthoothdy contoered uT eledtrodé beks daitid ) & A1BOShewh deefdIBN
systens_and di scl osed herein, which of course necessarily includes the
applic ¥ ey FiCGh 3. appropriate RF and DC applied voltages to the
Y-rmultipole 10 structure itself. A beneficial use of the present invention,

howeverrposg t orf} | ' | . . S. (B9
ol 15 ST\l PASRULLEIR: SlbIL AR A A0 LG S HHE 20 PRy o
to mer geith acnethuesdoinnbingérlded Y-MEHpaleTd Eslisled @b ahldrratfiddGpdtFof | el ds
applied to the electrode sets | and Il and by using the above described DC
vol t agexgiaie i saaempiliscusetl above fapElGit6, on,, thesElbetrosphatloabmtionstulires

hown i d 5B, benef i ¢i al d met hods of
oper at DR {BpenSBRARLE TP SRR & CRaReEhe B § My A PRLFERS. or

conl nabe AN A 0 i £ BBV S UER R

(€. 9., dashed@bosp AbGefar titnithigBartive bodfes 12 and 12’ are each beneficially coupled
to a respective electrode set section I and II. Also as before, each electrode set section I
and II is arranged with coupled DC electrode structures 30, 31, and 32 as disclosed
herein. Following along, the produced ions can thus be solely directed via a known
coupled electrode set I or II for interrogation and directed using the interlaced Y-
multipole 10 of the present invention. However, it is to be appreciated that a beneficial
use of the present invention is to direct ions simultaneously by such sources, e.g., ESI 12
and MALDI 12’, via the coupled electrode sets I and II so as to merge such produced
ions at the interlaced junction III using RF fields applied to the electrode sets I and II
and by using the above described DC voltage gradient example method of operation, as
described above and as shown in FIG. 5A and 5B. Such beneficial arrangements and
methods of operation enable separate ion calibration and/or (m/e) ion analysis or
conjunctive ion calibration and/or (m/e) ion analysis of such resultant ions as enabled
by subsequent downstream instruments, such as, ion guides (e.g., ion guide 16) and

analyzer(s) 18.
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[0056] FIG 7 shows another exanple arrangement of a mass spectroneter
system now general |y designated by the reference numeral 700. In this
exanpl e avoangersessb, the directional guidance of desire@cCirassgoasods scussed
above, is provided by an interlaced Y-nultipole 10 enbodi nent that is now

confi gujenssp t FIGNSahoiws AgitherbakiRlA ekaRte 88bAgbmRAHof 4 mAS sE@&'}%}nE’@r
FIG 2 as well as in FIG 3, and thus correspondi ngly configured with

snoot hl §ysem; generallpdesigmatedy ﬂs@tesfeﬂenaﬂdumqrabl?i)()ahsw Sirdfigurgd rveﬂt]at}heymo
shown in, FIG 3. 057] .In particular, the ex e nmass spectroneter

depi ct eBfqrAMER HLF,? SF‘%’]OW\/?E’“\R?‘EW?@%%G‘PHW @mmpwenhwma@e@rranged |
Y-mul ti ogp|- a rang ' e 1.0n, sources di scusse
above fgc? bﬁ?%% @H@ g.g‘,’él?ﬁeﬁléﬁ{eeé?gbgg?(g@é {hgg:;%(_g‘%%?‘orﬁr%ll_ O(LIF%%S? Cegio?%gai n
shown ealin@sgdevirédich ehafed patH Whilabdcia Mook yADRtShRH Y-A3€ltipgRsS Qb Pt i on/
| oni zation (MALDI ) ion source 12' (also again shown enclosed wthin a
dashed wessjon isshpwfromeFIG.If it ik Ito be rpprecated dhatethe b2radgit Y-2hultipeleeettrode

beneficially_.coupled to a respective electrode set section | and Il. Al so
agnbef of ,COéQSHf fuL @ 6B%W§léppF§§:t1iCéﬁ elquah?d%@qulbzeér‘ffﬁhg”éﬂ\%}’ﬁ’??m§%Pfed DC

el ectro Sg LG, . | scl osed. herein...kFqQl |l.ow al ong,

t he proglfjtéé% ior?slﬂl t?%ﬁgghrfgélgg? g%] %ﬁ?géif&éec %eﬁg{}ﬁjlgvgnﬁﬂgvmﬁ@bﬂﬁ?e&}g'el ectrode
set | omditipbleiddvides ti@ibétashad pei iR Hsived s, BE disdhid eYfgul tipol e
10 of the present invention. However, it is to be appreciated that a

benef i cprdvided byfthe klectrodseats I andeH; amshdvwen o FiGr 2a webhss isi FI@. 3a0siags| y by
such sources,.e.g., ESI 12 and MALDI 12', via the coupled electrode sets |

and |1 &SNgIvith Og%errg}@% ehAbaciigristancamathads (a&r laaclensesand flow |1 |

i ' ' d d. 11, _and by using th
above qser AR RFfick® ARCOE il RaRE T B8 i la Bt o ne
descri baduebedBy 85 ditAsr SbaYEdé Setse&iod D Y sted SOV REIELE

s?e?ttothe
arrangenents and nmet hods of operation enable separate ion calibration and/
or (n edliscessiamef FBGS3.0r conj unctive ion calibration and/ or (me) ion
anal ysis of such resultant ions as enabl ed by subsequent downstream

PSSR N R TR LI L Y SO

Spect r OffFFRS. 8, is shown with smoothly contoured electrode sets I and II merging into an
interlaced junction III, now arranged so that the interlaced junction III section of the
device is coupled to an example single ion source, i.e., an Electrospray Ionization Source
(ESI) 12 (again shown enclosed within a dashed box) but with the electrode set sections
I, II coupled to respective downstream instruments 44 and 46. Generally described, ions
can be generated in the ESI 12 source via system controls and directionally manipulated
along either of electrode set sections I, I via applied RF fields assisted by the DC
voltage gradients induced by DC electrodes 30, 31, and 32, as discussed above in the
description of FIG. 3. By utilizing the directional guidance of the interlaced Y-multipole
10 of the present invention, one or more coupled analyzers, e.g. a linear trap 44 and a 3-
dimensional trap 46 or other instruments (e.g., multipoles 26, 42)/ subsections of a mass
spectrometer 800 can be beneficially utilized to sequentially receive ions for further
manipulation and/ or interrogation. While a linear trap 44 and a 3-dimensional trap 46
are shown as example downstream instruments in FIG. 8, other beneficial
configurations can also be utilized, such as, but not limited to, sequentially directing

such produced ions to a Time of Flight (TOF) mass analyzer and a triple quadrupole
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system generally designated by the reference nuneral 800, now confi gured
with the aforenentioned snoothly contoured Y-nultipole 10 of the present

i nvent i orwannemgestot 0 operate in the "reverse" node, i.ecTsemaenrhat
sequentially directs produced ions along a desired ion channel path. Wile

such a - t 7 ' i IS | it is
FuCh 2. KVt CRPBERIGILRAE O VRESATRSISAND I bRscht
conf i gudeticeneanthestoditsion el tk&endble anaBgisalitii eitbierithd (@cbrwhe linkat hapsyst em
800 of FIG 8 without departing fromthe scope of the present invention.
Wth ei f6eerdingly: itgefebeapprasiated shati anycnumber ofjanalpziog lofstruemrmeﬁsi ons, as
di scuss above,..i s _provided by.the el ectrode. sets | shown . in
FIG 2 ége"\}\%ﬁiy ﬁlésciuﬁgﬁff@"‘éﬁ' o Pﬁ&tﬁgﬁaﬁa WPH%FN@F%&@&H} hﬁraﬁﬁorl_ér&"il%

gui dancg,/1t biRdised Bofkrol ér?d‘ah@l&%r“s.s and flow gases) generated RF fields and
DC vol tage gradients to nmanipufate such ions sequentially to either _

el ectrode set section |, 1l, as stated above with respect to the discussion
of FI G [0860] 00dbis tpibetrmted satdia gensraldy depiptechmiass spedioragiampy stema$60,

t r depicted,in FIG 8, is shown w.th snpothly contoured
ol 60t 1 0 589?6& 3 SWSSﬁ‘ér%PHa gy lserdnrlydeangleeronis congieller and gag,or

coupl aaioa BRVES spfes BoretdiF e RETE g Rk yoRigh nBbiflbdind PHes 4 s on
Sour ce ¢drfitqllably bdpatabls hayslitades e Phubdshtp "!h@YFiﬁﬁﬂ'ﬁdﬁolQ%ctRi&es%f forf he

el ectrode set sections I, I'l coupled to respective downstream i nstrunents
44 and wmelialeenéingmentiaswell e MC vohsgesto predgenmined dlectrotibeam$idetizes,our ce

via system coptrols an irectionglly manj pul ated al ong either of electrode
set ST, for xprta, brsistden 30 31, oAk arabligpaned ihitge

radi ents,14j : Cld . nd, 32..as .di.scussed above .in

'? he descri %}[9 ggﬁlg%fo Rﬁﬁg&g&%égf tﬁg ??Ie%%ﬁb t él%gll { Fr EP f%g?wﬁ?ﬁ FAROEDY apﬂe

i nt er | actbdr ¥etttbtie BRuCtUHRSs, Abn tHsPERS BNthd PMBBAT iPenQBR. OF MOre coupl ed
anal yzers, e.g. a linear trap 44 and a 3- dinmensional trap 46 or other

I nstru ts (e.g., nmultipoles 26, 42)/ subsections of a mass spectroneter
800 ¢ agﬁ]ﬁéﬁbe nﬁ?@ﬁ?%ﬁnﬁ?qq%ﬁ coptrelefcantigared witdh embodimeststafithe ur t her

: : _ or i i i i d a

mani pul gt 1?109{&18& é 1195 {)ftgg%%lexo%ly \é%ﬁi)l%datol\}arr]ﬁ)%rs c;[tflgxp dééicgsnknown to be

3-di nenSional trap
implemented in such systems, e.g., pumps, sample plates, illumination sources, sensors,
lenses 35, 40 gating lenses 36, 38, ion guides, 16, 42, and detectors, etc., so as to control
such devices/ instruments and conditions at the various locations throughout a
configured system, as well as to receive and send signals representing the particles
being analyzed. As also known to those skilled in the art, any number of vacuum stages
may also be implemented to enclose and maintain any of such devices/instruments

along the ion paths to provide for predetermined pressures, such as, and often at, a

lower than atmospheric pressure.

[0062]  Inaddition, it is to also be appreciated that in being directed to such example
mass analyzers, the resultant ions can and often are transported through a series of
chambers of progressively reduced pressure by a set of ion optic components, e. g., ion
apertures, skimmer cones, electrostatic lenses, and multipoles selected from radio-
frequency RF multipole ion guides, e.g., octupoles, quadrupoles, that restrict, guide and
focus ions to provide good transmission efficiencies. The various chambers

communicate with corresponding ports as known in the art (not shown) that are
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are shown as exanple downstreaminstrunents in FIG 8, other beneficial
configurations can also be utilized, such as, but not limted to,
sequent i avbyotiasessbi ng such produced ions to a Time of PCIrgisto10HERys mass
anal yzer and a triple quadrupole(@)/linear trap hybrid configured with the
swi t chiapletDes & saads] § (4 i sk; to
enabl e anzljllysi S wth %ﬁlﬁes %{ﬁgg@?ag?ﬂ?ﬁ%ﬁ?}ilﬂggéssftlftgp#mk%ck}%%lgﬁg?{l}!es'i t is
to be apprepdratied of habnfigyredinzss spécteorabter,i sughiassthelsyetunss sleswpigvithes! y
di scussed above, can be integrated into the system 800 of FIG 8 to provide
for thePtdFIGS &P ivmareitgpgontrallpdiand dasaépacquiradsand precessadsby alsantrhk

I [ £, t t 600 00, d 800,
O Scuosindt GRALEH &Ry RATGRAEA] WS indly B FRBIGRHtest &P arT Aol one or rmor e
POVEr  SQUMISARLHOR S gb'ﬁéilal/bflgp&'?al_(ﬁ%gge Ew&gs&@) fiAAG RS bkwlsf, ia%ad phases

or controll ably adjustabl e anpli nd phases to the Y-mu ol e

el ect r duwdwaoe ciromitryacirdiguredftb eremite h sasofi@ktruatiofthetle the
predeterm ned el ectrodes and devi ces, such as, for exanple, el ectrodes
30, 31,Prepibest difaeaplypicanhrentrol romtings of Hhg presemteinyentons Suply piccessing f
the pre '

Lpventioen,. trapping devices/ analyzers, and oth el ectrode
struct uoffgisq% ds gahmtay Ry m(g{l{:d.)e?avoe?aglﬁ‘& W@ﬂﬂ?ﬂlﬁéﬁ?%‘? uf]@%%’r% SEYFEES, an
el ect r QHt§ s&RR é,glnuedatgqg%&gﬁ{ 2d wi th enbodi nents of the present invention
is al so often operably coupled to various other devices known to be

i mpl emented in such systenms, e.g., punps, sanple plates, illumnation
sour ced006¥nsoltds alsete e appredategathahinstmetions Bostagidiny ofnthguipmiestions, 42,

Condi t e SRt m Fis 1< deelsBat POFIn kB a0 B 4ya% g sehvel |
A ol sartronn EoheROdiag B ol FREPALANREy SRk Sl B TR e Ty

al so bexiecptednridee tndtPu@tHs@seredrth aﬁ{aahﬁ{enreaaxb@fméaﬁhnqggi,%%{nputer
instruments along the ion paths to provide for predeternm ned pressures,

such ageadalde sledanmgicouplddompartidudar massepEatoneter. & somputédra@adhblen
addition, it i.s to al so be a reci(gt d that in being directed_to such
exanpl ENFHYLY AR 2r5rdance with aspegisiof the prssent myertignoreters termediumsisarwad

through,g lﬁﬁ{ér%oafby those of ordinary skill in the art, which have encoded information

provided in a form that can be read (i.e., scanned/sensed) by a machine/computer and

interpreted by the machine's/computer’s hardware and/ or software. When, for
example, mass spectra data of a mass spectrum is received by the apparatus/system
disclosed herein, the information embedded in a computer program of the present
invention can be utilized, for example, to extract data from the mass spectral data,
which corresponds to a selected set of mass-to-charge ratios. In addition, the
information embedded in a computer program of the present invention can be utilized
to carry out methods for normalizing, shifting data, or extracting unwanted data from a

raw file in a manner as and as understood by those of ordinary skill in the art.

[0064] It is to be understood that features described with regard to the various
embodiments herein may be mixed and matched in any combination without departing
from the spirit and scope of the invention. Although different selected embodiments

have been illustrated and described in detail, it is to be appreciated that they are
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chanbers of progressively reduced pressure by a set of ion optic
conponents, e.g., ion apertures, skimrer cones, electrostatic |enses, and
mul ti pol ewoxeloastssd from radi of requency RF mul ti pol e i orCguisd@s/02@7g. ,
octupol es, quadrupoles, that restrict, guide and focus ions to provide good
transn egéraplaeyfartd gigiaemriet of vabstRutiofd aRd alterARAsARE HREALI Without
correspondi hg ports as known in the art (not shown) that arecoupled to a
set of gdepgdingaot shown) to mmintain the pressures at the desired val ues.
The operation of a configured nass spectroneter, such as, the systens shown
in either of FIGS. 6-8, is nore often controlled and data is acquired and
processed by a control and data system (not depicted), which nay be

i npl enented as any one or a conbination of general or special -purpose
processors, firmware, software), and hardware circuitry configured to
execute a set of instructions that enbody the prescribed data anal ysis and
control routines of the present invention. Such processing of the data may
al so include averagi ng, scan groupi ng, deconvolution, |ibrary searches,
data storage, and data reporting. [0063] It is also to be appreciated that
instructions to start any of the operations inherent in the systens

di scl osed herein, such as, for exanple, the identifying of a set of mz
val ues, the nerging of data, the exporting/ displaying of results, etc.,
may be executed under instructions stored on a nachi ne-readabl e nmedi um
(e.g., a conputer readable nedium coupled a particular mass spectroneter.
A conputer-readable nmedium in accordance with aspects of the present
invention, refers to nmediuns known and understood by those of ordinary
skill in the art, which have encoded information provided in a formthat
can be read (i.e., scanned/ sensed) by a machine / conputer and interpreted
by the nmachine' s/conputer's hardware and/ or software . Wen, for exanple,
mass spectra data of a mass spectrumis received by the apparatus/ system
di scl osed herein, the informati on enbedded in a conputer program of the
present invention can be utilized, for exanple, to extract data fromthe
mass spectral data, which corresponds to a sel ected set of mass-to-charge
ratios. In addition, the information enbedded in a conputer program of the
present invention can be utilized
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to carry out nethods for normalizing, shifting data, or extracting unwanted
data froma raw file in a manner as and as understood by those of ordinary
skill i n wbeoswasossp0064] It is to be understood that feaCurussodesirs bed
with regard to the various enbodi nents herein may be m xed and matched in
any corfgt,?ﬁtﬂewA out departing fromthe spirit and scope of the

i nvent i=on: toagr=di fferent sel ected enbodi nents have been illustrated
and descri bed in detail, it is to be appreciated that they areexenplary,
and that a variety of substitutions and alterations are possible w thout

departing. | N THE CiaM drati¥f oRIPRA gt oné Qronqﬂilgh g ions, conprising: an
interlaced set of electrodes that defines a resultant nmultipole ion

channel sai d | elkatsc oek OLIELRGLI HIRSIRELOD GONEL AN S ioma (11 st

set of electrodes and a second se geg sepa d to

r espect evalnel dafd tedaddd st of @mcﬁbaeglsémg%hﬁga?e@f@%Qrfﬁ{sﬂ éyﬂ of han nel path;
and an RF voltage supply for applying RFvoltages to at |east sone of the
el ect r odlestrodessandia seeantd savdf shactrosles sephrately aflapteddvrresipectiveli defippd i ed RF
voltage ei ng co red wth a phase and anplitude so as to radially
confine 552 %@%Pgﬁ?ﬂngélsﬁc?ﬁ“?éqn%@gpﬂt%ééénd i on channel paths. 2.
The apparatus of claim1l, said apparatus further conprising: a plurality of

DC el ectrodes; aamRE VDdIagelsupgb' ppiplyiag &3t eoltagespo ad lest Bine of tlege
of DC el ctrodes so that resultant axi al

d
fgfclegn‘télgﬁgaﬁ?ﬁgsg%f a%fgél "ﬂﬁaég P?ﬁ%‘&%&o SWWPHe%lSﬁWe‘FPH’]éﬁ?bRﬁY&le?S

directi 1s cha ths. 3. The
appar at E@ gnfc BHF %?@%l%;{ ?fel?sﬂer%{aq ?a%ée)&)supp é%%?eﬁ 1% to
dynami CwlﬂhYnéeﬁwersﬁaﬂi@B&lH%b@ﬁdihéhtm&%@?hﬂﬁ;. or decr eaSI ng voltage |evel
along a length of said plurality of DC el ectrodes. 4. The apparatus of

claiml, wherein said first set of el ectrodes and said second set of

el ectrodes conprj s¢heARbhHELE MRint sAUASaf 8 iRl SRPHLAPt Ml tipol e

a plurality of DC electrodes; and

a DC voltage supply adapted to produce DC voltage gradients along
said plurality of DC electrodes so that resultant axial forces can direct one or more
injected ions in either longitudinal direction within said first and/ or said second ion

channel paths.

3. The apparatus of claim 2, wherein said DC voltage supply is controlled
to dynamically apply a monotonically increasing or decreasing voltage level along a

length of said plurality of DC electrodes.

4. The apparatus of claim 1, wherein said first set of electrodes and said
second set of electrodes comprise configurations to provide for said resultant multipole
ion channel being selected from: a pair of tripoles interlaced to form a hexapole, a pair
of quadrupoles interlaced to form an octupole, a pair of hexapoles interlaced to form a
dodecapole, a pair of octupoles interlaced to produce a hexadecapole, a quadrupole
interlaced with a hexapole to provide a decapole, and an octapole interlaced with a

quadrupole to provide for a dodecapole.
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i on channel being selected from a pair of tripoles interlaced to forma
hexapol e, a pair of quadrupoles interlaced to forman octupole, a pair of
hexapol eswonvavdsessed to form a dodecapol e, a pair of octapaisesioiomizes | aced
to produce a hexadecapol e, a quadrupole interlaced with a hexapole to

provi de a decapd.e Thanghparatasod PRl 1, WiRirbRCREd Wrbthe of lREFBABE Snd Gaillr OVi de
for a dodecapole.5. The apparatus of claim1l, wherein said first set of

el ect r osksondsdt ehé¢ldctzedescbmptisesf smoeitly coesucadplergedesnoot hl y cont our ed
el ectrodes. 6. The apparatus of claim1l, wherein said first set of
el ectrodes and said second set of el ectrodes further conprises straight

el ectrodes. 7. TheThp Fatsis of cliimi Iwiherblvedagd firstaded ofplRafratibSan@Eaidui di ng
ions is configured so that a first inlet end of said first ion channel path

and a seecond sehpkeleetnodes fusthed compingsisomigitiaterttodeat h are respectivel y
coupled to a first and a second ion source. 8. The apparatus of claima1,
wherein said apparatus for guiding ions is configured so that a first

outlet end of sé&l dTherpparatnsofialangll, aikreinsaédagpatitheforanddaig pakd second
ion channel are respectively coupled to a first and a second anal yzer. 9.

The appgerfigigedsocthat afinst inles ead of saiddfirshisay chamnet pathpandia secanshinlétend
configured.so that. an,interlgced junctj.on end of said resultant | tipole
Con e fetodisPaiePhelndfce bihechodly Fotpfiat Giprstend orondinny

wher ei ngsiatdl apparatus for guiding ions is configured so that an interlaced

junction end of said resultant nultipole ion channel is coupled to an
anal yzer. 11. The apparatus of claim?7, wherein said first and said second

i on source conprg s t. | egst .ign_source selected from .gn El ectrospra

| oni zati on SoLnr) cge' ?E%%f?éﬁ%ﬂggﬁggt 8@1‘??31? srabcﬁPEB?’i Sé"&ﬁ%@“{&ﬂ&ﬁaﬁ% )l,O a%
At DS Phedrifr b8 $6 What d ARt 2RkliePBnd V¥ 558 KBPloh cifingl 554 5%&&)@%\3{14%& of .
i oni zation source, a chemcal ionization (Cl) source, an El conbl nati on

i oni zat $a0d seaurcion chaBinel aeaefpdutivebdcdigsed tdrsostindakéatidzaidlprer( SELDI )
ion source, a Laser Desorption lonization (LD) ion

9. The apparatus of claim 1, wherein said apparatus for guiding ions is
configured so that an interlaced junction end of said resultant multipole ion channel is

coupled to an ion source.

10. The apparatus of claim 1, wherein said apparatus for guiding ions is
configured so that an interlaced junction end of said resultant multipole ion channel is

coupled to an analyzer.

11. The apparatus of claim 7, wherein said first and said second ion source
comprises at least one ion source selected from: an Electrospray Ionization Source (ESI),
a Nanoelectrospray Ionization source (NanoESI), an Atmospheric Pressure Ionization
source (API), an electron impact (EI) ionization source, a chemical ionization (CI)
source, an EI/CI combination ionization source, a Surface-Enhanced Laser
Desorption/lonization (SELDI) ion source, a Laser Desorption Ionization (LDI) ion

source, and a Matrix Assisted Laser Desorption/Ionization (MALDI) ion source.

12. The apparatus of claim 9, wherein said ion source comprises at least one

ion source selected from: an Electrospray Ionization Source (ESI), a Nanoelectrospray
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source, and a Matrix Assisted Laser Desorption/lonization (MALDI) ion
source. 12. The apparatus of claim9, wherein said ion source conprises at
| east onewoaniozsssce sel ected from an El ectrospray | onipzattsenoSenrge
(ESI'), a Nanoel ectrospraylonization source (NanoESI), an Atnospheric

Pr essur porligdticiaédute SNHAGEST) A MmeBpRéreClicbuicBatiatiorl dodr& ABD I AN
source, a chemcal ionization (Cl) source, an EI/ CI conbination’ionization

sour ce, elgctson firapeciEiiipivréch ticassrur e sathemioal/iohzatipat(Chs (e, BN EI/6 sour ce,
a Laser Desorptiaon Jonization (LD éGi n_source, and a Matrix Assisted Laser
Desor pt FYRPIBHOAPRERUCRIECBIGE, AT anged Laser Lesospondlagrzation m 8,

sl cot o ook Swgls vl DERANQANA AT B iR Saphe s 583 ORE T E,

Transf OA@%ibﬁﬂiaSB?geé%_@i&f/léﬁEh@bn_(M&M@Qﬁ@ﬁfébﬁfce@rt hogonal accel eration
-time of flight (oa-TOF), alinear ion trap-tinme of flight (LIT-TOF), a
linear ion trap (LIT)-orbitrap, a quadrupol e-ion cyclotron resonance (ICR),

an ion trap-ion ¢ o) : I . J j 4 -

i s time o 11 5be PR b hb saif PR sV bABBhber, o
anal yzefompﬁsesTmemM@mgmfr s€leaietd f26m: #h esretyrls@abA r@é}ﬂ{ahé@gl nRhi ses at
| east one anal yzer selected from an ion cyclotTon resonance (| , an

or bi t r aptbirapouFoeriefl Fransf@mmMass SpspaemetardFEMI)F yBadrap ol Adrthpgoml

ort hogonal . accel eratiqgn. -ti flight (oa-TOF), a_linear_ion trap-tine of
flight {oCRlpratées “tige of Alight @gﬁfo@?)as lineprrion tgap;tipg pf ﬂg}&i&lﬂﬁw)ea 1gpAr
cyclotr gﬂqg_ , i t.rap-ion I nance (I T-1CR), a
| i near {H&n&%? p- ?) ? b{é%(a}gzatqlﬁ{eargﬁg W%Fﬁy C%E@%gg%ﬁé, dgﬁg & 1Pf‘ﬁ£ r'?cin_on trap
(LI'T) - oyail bti- 80 réReSneOATYICR); a LibeariofBesp-oRa6dd-AiR! &f fligY {(BIT-0aMOFS hRE:
one or ripre ion sources; oné or nore anal yzers; an inté&rlaced set of

el ect r oalbseatian toay (Idd3¥-oabitepunnsnanatytdri pol e i on channel, said interl aced

set of electrodes being configured froma first set of electrodes and a
second set of electrodes separately adapted to respectively define a

14. The apparatus of claim 10, wherein said analyzer comprises at least one
analyzer selected from: an ion cyclotron resonance (ICR), an orbitrap, a Fourier
Transform Mass Spectrometer (FTMS), a quadrupole/ orthogonal acceleration -time of
flight (0a-TOF), a linear ion trap-time of flight (LIT-TOF), a linear ion trap (LIT)-
orbitrap, a quadrupole-ion cyclotron resonance (ICR), an ion trap-ion cyclotron
resonance (IT-ICR), a linear ion trap-off axis-time of flight (LIT-0a-TOF), and a linear
ion trap (LIT)-orbitrap mass analyzer.

15. A mass spectrometer system comprising:
one or more ion sources;
one or more analyzers;

an interlaced set of electrodes that defines a resultant multipole ion
channel, said interlaced set of electrodes being configured from a first set of
electrodes and a second set of electrodes separately adapted to respectively define a
first ion channel path and a second ion channel path, wherein a first end of said first
ion channel path and a second end of said second ion channel path is adaptable to

either couple to devices that comprise said one or more ion sources or said one or
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first ion channel path and a second ion channel path, wherein a first end
of said first ion channel path and a second end of said second ion channel
path i s astepbabisessbo eit her couple to devices that conpPCIaSs@iod2ne or

nore ion sources or said one ornore analyzers, and wherein a junction end

of sai drﬁ(ﬁ‘é‘éhh?e}feréﬁdhﬁivgﬁé&iﬂ Q%HMd b2 AL ARIE rﬁlﬂtii’)lofé)ioﬁocgﬁhﬁelt 0 a

si ngl e devi ce ected from sa one Or nore ion sources or sai oné or

nmor e ané ydegptable o aloawiupbatca sigle dbvies sélected fidralsaiiofoy @ldragén sour ce
for applying RF voltages to said first set of electrodes and said second

set of &Pwees ereaid onefirupare analpzerBC el ectr odes operational |y coupl ed to
said first set of electrodes and said second set of electrodes; and a DC
vol tage supply caupleettohiz comitrblfel tio abitryl &1f RBG odtageisbagstoy appBahg RF

el ectronic controller to dynam cally produce DC vol t age gradi ents al ong

por t i on¥obpgesdpgapl firsdiset 9f ectpeles 95@{) said eecansl set of elastrodiesie axi al for ces

to act on one or nore injected ions so that said injected ions can be
further mani pul a4 ptiraligngf B ¢lectrodesgigenaliiomdllydésigsied @ saidt fdsbsaaifd first
and sai d secand ion channel paths. 16, The nmass spectroneter system of

d
cl ai m 18lecipdesand sidperpnd setseftelentradescanddes and sai d second set of
el ectrodes conprises snoothly contoured el ectrodes. 17. The nass

spectroneter sysi B vbltagesuppl§ coapled toi sasd phetlitf ofDerdleadcdesarid saii d
second set of electrodes further conprises straight electrodes. 18. The
mass sp@eeiranisientiofler Enpnamicaliy produgp B valtage gradients adeng pértsinseifr odes

i a1 oSURPARET P PR B RO ERER B PR Ao R ettt Bactin apelimon

11 pol efddié@idrGednhPsdiifeftelS¥APlPbe Aulhl mahiAHALLUAGhES;hal T aced to

forman oOctupole, a pair of hexapoles interla ecapole, a
pai r of longfitupldha slifertionl aitkih dad firstchirebsaid becvadeioandlagnebpathadr upol e
interlaced with a hexapole to provide a decapole, and an octapole
interlaced with a quadrupole to provide for a dodecapole. 19. The nass

spect ronet er Sysﬁ@%@fmﬁs%b@?:&éme‘f@%p@ieﬁl SALIdiANS, ¥hel ﬁ%aicpﬁrs?gé'tlr &eS

conprises at | east one ion source sefected from an El ectrospray lonization
electrodes and said second set of electrodes comprises smoothly contoured electrodes.

17. The mass spectrometer system of claim 15, said first set of electrodes and

said second set of electrodes further comprises straight electrodes.

18. The mass spectrometer system of claim 15, wherein said first set of
electrodes and said second set of electrodes comprise configurations to provide for said
resultant multipole ion channel being selected from: a pair of tripoles interlaced to form
a hexapole, a pair of quadrupoles interlaced to form an octupole, a pair of hexapoles
interlaced to form a dodecapole, a pair of octupoles interlaced to produce a
hexadecapole, a quadrupole interlaced with a hexapole to provide a decapole, and an

octapole interlaced with a quadrupole to provide for a dodecapole.

19. The mass spectrometer system of claim 15, wherein said one or more ion
sources comprises at least one ion source selected from: an Electrospray Ionization
Source (ESI), a Nanoelectrospray Ionization source (NanoESI), an Atmospheric Pressure

Ionization source (API), an electron impact (EI) ionization source, a chemical ionization
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Source (ESI), a Nanoel ectrospray lonization source (NanoESI), an

At nospheric Pressure lonization source (APl), an electron inpact (El)

i oni zat i onowOLvsessoa chem cal ionization(Cl) source, anPEr/us@iooeis nati on
ioni zation source, a Surface-Enhanced Laser Desorption/ |onization (SELD)

| On SOU(CK soardepar El fEBesmbiritiondbhzatiofkotikdd, h Su@ics BHHe@ce@Mdsé Mat i x
Assi sted Laser Desorption/ lonization (MALDI) ion source. 20. The mass

spect r oBeseptioh/donizatios (SEhldon seaia, ahesar Demrptiandbyization¢hBpyioses at

| east one ana selected f n ion cyclotron resonance (ICR), an

or bi t r ap?"&® M?M a&%?%?ﬂti@é%rsﬁﬁ?él?tlpﬁ ragatiqrrigALLY) &Faél@ltrﬁél el
orthogonal acceleration -tinme of flight (oa-TOF), a linear ion trap-time of
flight (LIT-TOF), a linear ion trap (LIT)-orbitrap, a quadrupole-ion

cyclotron resonaifd h@lrw SP&ﬁtrDmﬁ!tftrrCétﬁlalUnl@y@h@ﬁmmldmmmerq arkly Ry, a
ion trap

l'inear ion tra rreoffllght (LIT-oaq‘[ andallner

(LI T) - of BI'PFS %s"?tésgstm Zerﬁﬁle‘?ﬁ?ﬁ IR &N L EYGloen apsanpnce (). anai m 15,
wh

o a0t RAep GESRHEE PRI XA RO P AN G R BPRbaR) Bhlokorel , o

DC el ecadceliestior 2imélug tS(oaplE(DF aliileafr 1cﬁV&thfirﬁé o@ﬂ a¢Hn (LPT- T‘@'F;r £lifesai d
RF vol t age source is configured t'o control | ab y adj ust at | east "'one of the

phase aifdh trae (ladpiorbiftap, efquadrrpolesionagyel oyt r@dnamr:%(ﬁCRée,eest iomdnap-odn t he
| ectrod i d fi id d f el t
Fadh ol | Qe -Bants 3E Rl Rhrke SRR ee-pbo G ifan of SebratFon Eofnaed
23. A ngiihed o Flla{q? %gbﬁ‘r sssaeg%&mt er having an interlaced rod set,

conpri si ng: recel ons n an | aced set of ion guide el ectrodes
that defines a resultant nultlpole i on channel; sald interlaced set of

el ectrodes bein fi ur ed froma first set ion gui de

el ectrodes t hat gzrleiglg tﬁ?éPﬁCta@‘r‘te?FésSYatem Pg‘gla%ma E‘Hﬁd"at‘{)ﬁ pat h;
rovi di ui de

bl ot r oqe ] Fragibiif Appisa SRhbrontly AeeaMgotaea %Sﬁég“ot"%s%%&a% first

and saialong a length of sa1d plurality of DC electrodes.

22. The mass spectrometer system of claim 15, wherein said RF voltage
source is configured to controllably adjust at least one of the phase and the amplitude of
an RF voltage applied to at least some of the electrodes of said first and said second set
of electrodes so as to radially confine said ions within said first or said second ion

channel.

23. A method of operating a mass spectrometer having an interlaced rod set,

comprising;:

receiving ions within an interlaced set of ion guide electrodes that
defines a resultant multipole ion channel; said interlaced set of electrodes being
configured from a first and a second set of ion guide electrodes that respectively

defines a first and a second ion channel path;

providing an RF field within said first and said second set of ion guide
electrodes to radially confine desired said received ions within said first and said

second ion channel paths; and
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second ion channel paths; andproviding a DC voltage gradient to i nduce DC
axial forces that act on said received ions so that said received ions can
be sequerwoabinosdssnect ed al ong either of said first ionpcharseel/oparh or
said second ion channel path. 24. The nethod of claim 23, further

conpri sing: confgrguiding aSOCA dlialsigragienefo irthce P axf esick9Hes aphigh sai d
second set of ion guide electrodes to produce said resultant nmultipole ion

channel said rengivesl ioos ed thatmaid zeqeitied iohs tan pelseguéntiadhyl diveded ;aldr(g eitheer f
hexapol e, a, pair. of, quaqgrupol es interlaced to forman octupole, a pair o
heiagm%%8%%5@&%@@%%5?@5@58@6&@6 fqn C}éﬁrﬁ’&??aﬂ”ﬁ octupol es interl aced
to produce a hexadecapol e, a quadrupole interlaced with a hexapole to .
provi de a decapal e, and an octapole interlaced with a quadrupole to provide
for a dodecapol @4 Phe mpthodef Hlaimas, ﬁlrahenczrmplsia'gg: mﬁgﬂrﬁwgsaigrf?dﬁ molf I
bei rovi ded as a.monotonically increasing. or decreasing vo] t age | eve
aﬂ)zg glgf‘\cguf@:r gl?c’ggﬂe%%ﬁl S élcsﬁﬁﬂxqi 8¢t fHan geide,glepizodesto H’Pﬂad?’rc?ﬁtsﬁ@d ﬂ‘ gl z[a)ic m
23, sal j ' ' - ] ontrolde
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The netdivekapble; bgidir @8quddifipdtss iBeFRIced ith Sorrk QHRICHRSOIEOa PRireheRbpsias d.
interlaced set of ion guide electrodes so as to provide said received ions,
at | eashteslpsed so ferou ﬁ@%d@eap@lﬂe@i phirafioctupdieeintertameday prodiuzani on Sour ce

ESI), ,a noel ectrospyay | oni zati qn source (NanoESI), an At nospheric
I(Dr es)s urhéexlf}laﬁ‘?aféf 'M%%{l‘f'%’«?ie( lﬂﬁ‘?&}ceaﬁ” ’éﬁ éc}théﬁ(l}l]aeﬁﬁa‘?fp"(@ 3 deganoletangan

ce, 1 [elplt | [ 4Cl__cenbi nation ionization
283{Ce,Oﬁa@§F"g%@?géﬁﬁg”ﬁ%ﬁ%hﬁ%d;(eurg%%ﬁ%ﬁ{ﬁ%f& I %ﬁlo(zi% a|p§2e'(SELDI) i on source,
a Laser Desorption lonization (LD) ion source, and a Matrix Assisted Laser

Desor ption/ 1oni ion (MALD]), i on_ sour 28. The thod of clajm 27,
further conpri s?ﬁgfh% ‘?(?I;B% %18118239%dgfc é’Pﬁﬂ%‘? g@‘ﬂg’&’? g PLpv édasS?ﬁ d
second 4 | t ' Z:e4. 4 rom
o on o RS 0BT e It ftRing DE { i RN A B b T T i
Mas s Speetomdritirechapnin€EMpathsa quadr upol e/ orthogonal accel eration -time of
flight (oa-TOF), a

26. The method of claim 23, said DC voltage gradient being provided as a

dynamically controlled DC voltage gradient along said first and said second ion

channel paths.

27. The method of claim 23, further comprising: coupling to an end of said
interlaced set of ion guide electrodes so as to provide said received ions, at least one ion
source selected from: an Electrospray Ionization Source (ESI), a Nanoelectrospray
Ionization source (NanoESI), an Atmospheric Pressure Ionization source (API), an
electron impact (EI) ionization source, a chemical ionization (CI) source, an EI/CI
combination ionization source, a Surface-Enhanced Laser Desorption/Ionization
(SELDI) ion source, a Laser Desorption Ionization (LDI) ion source, and a Matrix

Assisted Laser Desorption/Ionization (MALDI) ion source.

28. The method of claim 27, further comprising: coupling to an end of either
of said first and said second ion channel paths, at least one ion source analyzer selected

from: an ion cyclotron resonance (ICR), an orbitrap, a Fourier Transform Mass
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linear ion trap-tinme of flight (LIT-TOF), a linear ion trap (LIT)-orbitrap,
a quadrupol ei on cyclotron resonance (ICR), an ion trap-ion cyclotron
resonancewQI20t0l08Rsp a |inear ion trap-off axis-tine of wPirgistoiploritsva- TOF),
and a linear ion trap (LIT)-orbitrap mass anal yzer. 29. A nethod of

oper at i Bgec@rdraster SPENIS) UG AdrujNé NerthbgbRileictaeRHidroRiAN bE RIS équ
corrpr| Si gg recei vi nIgB?ons W tdfi]?)n /2. fi I’égt and a secondl set Olgl g?} QUI

el ect r otipeart lhattréep-amewfeﬁhlght Ed TaT O adlimbatr omp trapi (iﬂéT)‘-orblgapﬁs thad:nipole- .
mul tipole i channel n said first and said second_set of ion guide
el ectr okfghc}fc{l}?tf% Fes@@PP?Feﬁg%f )i 3 IorytEAP-40R ergaongrsmReA I T-Fakh a linear ion

d h
Cara 11 PRt sl SRR S TORT 6 ESAR T TSN P 20,

furt her a841%Ré4. Si Nng: providing a DC vol tage gradient to induce DC axi al
forces tha?ﬁact on said received ions so that said received ions can be
directed to said end of said resultant nultipole ion channel. 31. The

monotoni cal |y | rer aeeeor: ARt Bet e ARl F ha ERIRL R g ten o

first agdideaiod seecontbriginigchannel pat hs. 32. The nethod of claim30,
wherei n said DC vol t age gradi ent conprises a dynamcally controlled said DC

j h
v g'et age ¢ (rjag ! eg}rggérhggg% ﬁ%r thins] (AR N33 &8&8 %gtdof B8R %ﬂ&g I@gecp%atg% ?haét .

er conpri sing uri

i on gui g iatebiceddeanand t&a}h@vﬁﬁq@@d r%@&ltaﬁ{t mﬁl’tqﬂﬂé i SRl QFRSrefP as to
produce sai d resultant nultipole ion channel being sel ected from a pair of

tripol esaid rﬁtréirarubaidtsewrtd sataof lieix gpisleslectr pddsrfuotheq dafina pdirssanditer | aced to
form an_oct ypol e al r. of hexapoles interlaced to forma dodecapole, a
pair ofS %8?3 §I§a &athy to produce ahexadecapol e, a quadrupol e
interlaced vmth a hexapole to E{ovi de a decapol e; and an octapol e

interlaced wth proyicdidguwwoRE field tr mdially ¢anfire desieedagaid eeceived ions

within said first and said second ion channel paths.

30. The method of claim 29, further comprising: providing a DC voltage
gradient to induce DC axial forces that act on said received ions so that said received

ions can be directed to said end of said resultant multipole ion channel.

31. The method of claim 30, wherein said DC voltage gradient comprises a
monotonically increasing or decreasing said DC voltage level along said first and said

second ion channel paths.

32. The method of claim 30, wherein said DC voltage gradient comprises a
dynamically controlled said DC voltage gradient along said first and said second ion

channel paths.

33. The method of claim 29, further comprising: configuring said first set of
ion guide electrodes and said second set of ion guide electrodes so as to produce said
resultant multipole ion channel being selected from: a pair of tripoles interlaced to form
a hexapole, a pair of quadrupoles interlaced to form an octupole, a pair of hexapoles

interlaced to form a dodecapole, a pair of octupoles interlaced to produce a

30



34. The nethod of claim?29, further conprising: coupling to an end of said
resultant nmultipole ion channel, at |east one anal yzer selected from an

i on cycl owoamwassssnance (I CR), an orbitrap, a Fourier TramafSermwiokss
Spectroneter (FTMS), a quadrupol e/ orthogonal acceleration -tine of flight

( 0a- TOFhexalechpélal a fRAdFdFHle int@Blabdd Withihexddole }0V1ae al cﬂ%ﬁ%oleoé‘n& LAP
(LIT)-orbitrap, a quadrupole-ion cyclotron resonance (| ion trap-ion

cycl ot r oetapekedntartaeed Mith @@u,adaupo]teetarprowdetfloap{hfdecapo]s t ime of flight
(LIT-0a-TOF), and a linear ion trap (LIT)-orbitrap mass anal yzer. 35. The
met hod of claim 34, further conprising: coupling to an end of either said

first and said skCahd rhethodhsfridin Mtfbﬂheﬁtompﬁsinlﬁg ?Hﬁ%wuﬁ‘éﬂd&ﬂ'sﬁi@t ed
from an El ectrospray lonization Source (ESI) noel ectrospray

| oni zat resnltentimedtippleiorshannelnatleasispieaiaty 7or seleateel onm 2atibonydotone

t
(0 soffPeBatceIER). 2 SErbPrAFPGReY s Rs eSS SPELTORt FRMIERhanced
Laser D&ﬁ:?(ix?ﬁg?(?/ oft?lB SR é%gel(aﬁégl'd?l )I\t/gtlé) Bf ﬁ I(fg% Tg)fl‘)ag ﬁhe&%%rt%}& glﬂ)e of

| oni zat Iron our ce FIx aser sor pth
| oni zat flipht (M‘ILBDIF) laDHnéeﬁLibﬁQrap (LIT)-orbitrap, a quadrupole-ion cyclotron resonance

(ICR), an ion trap-ion cyclotron resonance (IT-ICR), a linear ion trap-off axis-time of

flight (LIT-0oa-TOF), and a linear ion trap (LIT)-orbitrap mass analyzer.

35. The method of claim 34, further comprising: coupling to an end of either
said first and said second ion channel paths, at least one ion source selected from: an
Electrospray Ionization Source (ESI), a Nanoelectrospray Ionization source (NanoESI),
an Atmospheric Pressure Ionization source (API), an electron impact (EI) ionization
source, a chemical ionization (CI) source, an EI/CI combination ionization source, a
Surface-Enhanced Laser Desorption/Ionization (SELDI) ion source, a Laser Desorption
Ionization (LDI) ion source, and a Matrix Assisted Laser Desorption/Ionization

(MALDI) ion source.
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