WO 2010/080850PCT/US2010/020278 INTERLACED Y MULTIPOLE BACKGROUND OF THE
INVENTION Field of the Invention [0001]The present invention relates to the field of mass
spectrometry, and more particularly to a mass spectrometer multipole deyice that enables the merging
of ion beam ?r&%"g’gggépate sources and/or for directing a single ion beaﬂ?%gzé}lﬁfa%{é%i”@ of directions

for collection and/or analysis. Discu%aﬁﬂ&%@%&%ﬁﬁ\ﬂ%s spectrometry is an analytical

technique that enables the identificationmo

BACKGROUND OF THE INVENTION

Field of the Invention

[0001]  The present invention relates to the field of mass spectrometry, and more
particularly to a mass spectrometer multipole device that enables the merging of ion
beams from separate sources and/ or for directing a single ion beam into a plurality of

directions for collection and/or analysis.

Discussion of the Related Art

[0602]  Mass spectrometry is an analytical technique that enables the identification o

chemical compositions of a sample based on the mass-to-charge ratio of charged

particles. Generally, analytes in a sample are ionized and thereafter separated via their

mass wherein the ratio of a respective charge to mass is determined by passing them

through electric and magnetic fields so as to result in a desired mass spectrum,

[0003) In particuiar, the design of a mass spectrometer to en
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.

[6004] 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 Jongitudinal direction

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



chemical compositions of a sample based on the mass-to-charge ratio of charg(_ad particl_es. Generally,
analytes in a sample are ionized and thereafter separated via their mass wherein the ratio of a

respective charge to mass is determined by passing them through electric and magnetic fields so as to

result in a deSTEAMELE L pectrum. f0003)In particular, the design of a ma‘_é%%%%’@%?ﬁ@t@r to enable
separatio detection m ften includ s:gag ion source to transform introd ,ce_d molecules in a
sample inrt%%l%%??g&?%%r %’I‘ég%gcaaﬁlgﬁlc%yto% %‘Fﬁg@%ﬁf}éﬁ{? BeReRs &5t hasses by _
applying edbsiriedmdanagn‘éi&mﬁetds;sab@bqumﬂ&aﬁgeto 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
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2010/O8chg%%%%féggg)l%ﬁ)%%%%&ﬁ%aﬁ]éarﬁz?/ngIcé%ﬁ% ﬂlé?aecgﬁrs%w{he aforementioned voltages so

dire esired amount of ions to a subsequent stage.
as to dir C[},&,%] To give the reader an idea of the technical capabilities presently in the field,

one can ook to background information for a system that uses movably mounted
multipoles to couple one or more ion sources to a mass spectrometer, which is
described and claimed in U. S, Patent No. 5,825,026, entitled “Introduction of lons from
Ion sources Into Mass Spectrome.ters,” issued October 20, 1998, to Baykut, including the
following, “The basic idea of the invention is to movably position one or several curved
multipole ion guides, so that in a system of multiple stationary ion sources, each source
can be used one after another by adjusting the movable multipole. The ions originating
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.”

[0887]  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



100051While such ion steering optics, and in particular, the mutipole rod configurations, ben_eficially
enable the desired ions to be directed along predetermined paths, such designs do not prO\élqe ftqr the
[ [ isti irecti ingle ion beam in one direction or
merging of ign beams from two distinct sources, or fqr redlr'ectlng a sing : '
anotgher as disC18%88 B the novel and beneficial configurations of the preBERSRBAMIBIZT.0006]To give

the reader ap idea of,the technical capabilities presently in the field, one can look to ba_ckground
informatior‘fl%’[cl)(r)glgﬁst TRSE ﬁggﬁ%%%ﬁﬁhiﬁﬁ%lﬁ%t%@%%am@éﬂé%phore ion sources to a

mass speatieasetenavich p@sﬂ@f@%@%ﬁ@@;@dfh%@éﬁ%ﬁ&éﬁ@é&%61)639 itled
pe

"Introduction of lons from lon sources Into Mass ctrometers," issued October 20, 1998, to Baykut,

including tFRFSTIMAE e pergdiosaitawme ﬁh?éﬁﬁtﬁ?ﬁ?@snﬂwmﬁl@@iﬁmbwmmueral curved
multipole iopngifkes asslipatip arsyatesuRERliple Siationa d%ﬁ%%%%gr%%‘ﬁﬂ Souree.gan be used

one after another by adjusting the movable multipole. The ions originating rom various ion sources,
which how&88r %18 R Qe mensthe mMBHiBoit ansrsberitscdubed heddhe tmass speatdometer,

using a ro@@ﬁ{gsggﬂggglgﬂg&ggsgg@&@ggg%%%rgle'm%iﬂgfﬁoan 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

' ' [ itioned adjustably
spectrom or this purpose, a multipgle (e. .q_hex pole or octopole) is positione
around thi@)?iéj of trk?é:i ?%ﬁ’??%ﬁ‘ %}éf%u 18“%?%‘93}?1%0&. B raprees %lﬁfiﬁ%mﬁ@:ﬁ‘ﬁmas_s )
spectrometiinihkiclifvBoPoeit N a) 9768 T8 B%fnﬁﬁ@lemgmg@%sig ﬁg{aggg{%qﬁ%ﬁ%% 'Elh n ée(;:t r|]oerr|
side) is ideqtical to the rotation axis of the rotatably positioned mu tipole. During a ,
end of the%%eﬁ?ﬁ%o% 220&@5[{&% haksing Yersd o Uanrsgs Thmeshasbiopiditshioige

multipole date@&ﬁt&&tﬁ@mwh@dﬁrbﬁﬁmﬁ@?vgﬂﬂl@gﬁﬁx’@sé‘ﬁ‘éﬁﬁ@é%%ﬂ%&%&rﬁg fygmeter.”

100071Moreover, %ickground information for a system that utilizes a S to steer ions

produced PSP &rﬁ%ﬁi&a shifredtp£henisespucirmenises @ig?m itia:ﬁm?siq _L;.S Séd
S Nl . o e b, sl s e
through each of the capillary inlets, providing at least two sets of primary elements
having apertures, each set of elements having a receiving end and an emitting end, the
primary sets of elements configured to receive a ions from the capillary inlets at the
receiving ends, and providing a secondary set of elements having apertures having a
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



following, "A mass analysis system is capable of performing a plurality of measurements in parallel by
mounting a plurality of ion sources onto one mass spectrometer and speedily switching the ion

sources. TheW aZ%%)%nalggsis apparatus comprises a plurality of ion sources; and a deflecting means for
deflecting ions Trom at least one ion source among the plurality of ions soBCEYBE ¥R ions travel

toward the_pa [ ter,by producin electrjc fieJd.” [0008]Background information for an ion
funnel to rﬁergge%%gg %’ %fgs%?i é%ca%ﬁ %?&'ﬂgé}fﬁr@té%’ veidraiBihe mse sffitled,
"Multi-Sourseclomicahmalytiésued December 27, 2005, to Tang et al., including the following, "A

method for introducing ions generated in a region of relatively high pressure into a region of relatively

low pressyuaity Providing;ahie - eRIRAABREM IR SOHIS Ss:;é’:%?\’f%@?%ﬁ%ts ';?a%ieé"g’%ccﬁ%??’gm'ets

configured to direct ions generated Dy the electrospray sources into and throug pillary
inlets, prodifiFgf PTebgamkoisersaibrihang cleimerdtinidvihPapettives? 822/04EB0f alaments having a
receiving end,andan-e Riting [etng(ictgl imar. s of elements configured to yecejve a ions from the
capillary inlets at the receiving ends, %n% g%g\%ﬁ% %Oé%acrgn g?yagg 113}%15%}%8 @tﬁa\ﬁﬁﬂlﬁ‘ﬁmes
having a réefiif sniariehal ebattiigdndinpalseiihoeinescTokelerartitsGarigussd Weiegeive said

ions from the emitting, q&géh rimary sets of elements and emit said ions from said emitting end of
the secondary set 0 elﬁgnents(?gfcﬁieorrh% od%‘ntgf%ﬁrmgpﬁ?&lﬁ%l?ﬁ 8B BrASFORRERTEP RISt one jet

disturber ysidondu ghtirnhitteadeeie aftherseis ofqtinalleRmanis; RIOMIANG dyoltage, such as a

dc voltage, in the jet disturber, thereby.adjusting the transmission of jons through at least one of the
sets of pr?ﬁ]%% %?é” %&ﬁ%&-%ﬁ&é‘ﬁ@&%&%&ﬁf&ﬁﬁﬂ%ﬁm BSLE et MR dhervmats iernatively direct

ions is degeribaghang daireegiin dnSoRatensNae bRl B rilied :Btanched Radio Frequency
Multipole,;{jl%gﬂgd S(—;%g%r'tnber 2, 2008, to Kovtoun, including the following, "Systems and methods of
the invention Nciige a%%&%cﬁﬂf’ﬁetﬁ‘ﬁéﬁé?‘%H%@Wﬂﬁdﬂb%t?ﬁ@&@ﬁﬂbﬁéﬁas an ion

quide. Thmmmraeﬁ@éﬁaﬁugﬂﬁyan#HM%%WﬁlS&éﬁw'Hﬁl%té%&fiﬁ 061z Hrgygh which ions
can be alterr@zively directed. The branched radio frequency multipole is céhfigured to control which of

the multipfE'foHEhARRATIEHS SHE vty Srsbug kantiappidheombieappespriaiepatentiats. Thus,
ions WO BRMIE0IH0R GHHSLYAR0ZAR AU RIIYBAG Arested.dqun different fon channels
without the use of a mechanical valve."

beam into a primary ion path using the subject electric lens, and methods 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.”



100101Additional background information for a system that uses an electrical lens to merge ion
beams, is described and claimed in U. S. Patent No. 7,372,042 B2, entitled "Lens Device For
Introducing A Second lon Beam Into a Primary lon Path," issued May 13, 2008, to Mordehai et al.,
including the following, "The invention provides a device for introducing a second ion beam into the

primary (g BRh OLR AT SRECURMALY Bstemdndenetel s darce fanian a0 elasiicalians

having ary ion passageway and a secondary ion passageway that merges with the primary ion
passagewaichtioeain langeodistentsy theedlentiitalitens vumaispeatfipsnphen syriersdoohttpareshat,

together, form the primary. ion passageway. The first part of the lens may contain the secondary ion
passagay e e@?@e‘%‘g Bseﬁi)éiriﬁﬁ‘?éihg‘t%/ r;ar%eéisg Ah U2’@El and %Sr@;sss%sgg&}%ﬁgi’eWsy}ébe%%
containingtheBrBiRGLEIesH BJIeAS relaevreuisiadiAlsaproyidad dnthestnventioniate tietbpds for
introducing a second ion beam into a primary ion path using the subject electric lens, and methods of
sample singhgsitonibeam Fvaly, PRERGSUR Hiﬁéﬁﬁgti‘éﬁ%%‘él@ys% BISERRE ARSI B fibfe ion
sources Vi ipo figurations, is described and claimed in U. S. Patent No. 7,358,488 B2,
entitled %é@é’ r?%c%t?rlégndé?gé I\J/I%Itiple 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 e/pA R IOTHEWRBSENTIO R 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
config-tzjf@[&lgf an iﬁﬁfﬁ‘%&lge%a?e%t% ﬁ‘%@%ﬁlg%%és ne or r%%l{)r%nioaﬁ3 Eglliarltgé% or %Iec%\%l g getierated

ions thegefsoppiant sendingtdhrdeds serableastanednsliingte deghses conkigutechasmiltiptut oultipole
rod set. The output multipole rod sets are connectable to a downstream device for sendi%%fth%?
SYroat

generatebdonehhavistdnisriased wis of glackroipokeing sendigiredirgmadtastsptiofad
et o e IIRPIS O SIS ASICCTUUERL 35 RN Sl ORAA SRS g e

above described Inventions have benet plications, a large customer néed exists for a mass
spectroriesemsysieth that atiizesdniditpdienorlqpiits ind rovBhinteltage depniigtvatigpluingisdiosed

herein, which t onl iQn. b f t but b to direct
2 single 6 BSTH it SDLPAY SRCBE S ST eoThe DTSt PRI 18 i B o kuch a

need. gaid applied RF voltages being configured with a phase and amplitude so as to radially

confine said ions within said first and said second ion channel paths, 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.



SUMMARY OF THE INVENTION [0013]According to a first aspect, there is provided an apparatus for
guiding ions, comprising: 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; an \Y; for i Y, t 0 f [ id first
and sai s@gﬁﬁ S%Lt%%?eiec%!c%egsggﬁa{ é;%%’d:dh%ﬁ\?gﬁ%gfﬁ%?ﬁgac%n&?g%ges %%8‘%‘9{ be%%ig)%ftn%?\
amplitudespastogatal lyronofiaécsast ionssywithincsaibiiestaaky saist seconthtenlatrahnekpathsyf

wherein said first set of electrodes and said second set.of electrodes comprise configurations to
o At A (ARSI o SH U BEl P Blon G (BT bt TG Btbelo form
a hexapglgsi Rk %ﬂk’g‘@ﬂtﬁ sdnteriaged fedosm ap ActypaiRsxRaIL AfhexaPQles ntriacrifo form

a dodecapole, a pair of octupoles interlaced to produce a hexadecapole, a quadrupole interlaced with
a hexap8tbasaseiviad apted asokespaetiaiclycdpione intdHat danvithange d}%%bl@‘tﬂ) provigadoien
dwec@%‘&m{@%ﬁ% AFCRIING 193 8560 ARPESL L %{%ﬁ%ﬁﬁ%Yr']? %%%Hg?%%@%?ﬁéf Anetey éﬁ{atem
comprising: one br more I1on sources; one or more analyzers; an interlaced set of electrodes that
defines seresultant whatipelepathceanhelissld ioteithee dagplef lekitdcastheing acopfige raddirane a first
set of electrodes and a second setmc;f electrodes sepa{ately adapted to respectively defiri;(;%gt first ion

channel PatiUfid AsEEGHEISH SRkhRERpREH R ARR BATSY 8R4 oF 81§ i &t IBRLIEh RBA TR HAd a
sepond %&E%'%ﬁﬁ@@%'@&?hﬁmpg@@a@@m%éi%@'@&ﬁf;ﬁ@%@'% tﬁﬂgﬁé‘%ﬁb@%@%@dﬁe
said one or more ion sources or said one or more analyzers, and wherein a junction end of said
resultanfiemitipeid ioR<HANABDES aapEdieaesalzd sdidplente Bimgledanedygekscten fRdeszarione or
more io rges.qr.said one or mere lyzers: an electronic co ller to control an RFE volt

source TS e B B D R R SR L R S8,
plurality dbbdlectrodes wpsratindalyt obuhetrtalssid fishisdtiof dldoodestandksaipsecnthBet of
electrodes; and.a DC valtage supply coupled to said plurality of DC electrodes via said e|ectrgnic
controué%qw%ﬁatﬂié&ﬁ fm bk ﬁgggaﬂﬁnﬁgﬁﬁﬁ%ﬁiaﬁg ShgtpRitatinBrpe D-
electrodes semassiapIovide: sidal {91683 tR1aSHRA ARerse oREEIRE eLinARIS It Rald dpipetatkions
can be further manipulated along either longitudinal direction within said first and said second ion
channeltpagha)avhisrdif gaidditse datof eltagro@eadintitsaidoser prdtiarobélseitb pberebimpritdC
configurg é951§n¥PeQrQVi9§tf£’L%Qi%r@sguﬁ@mmyﬂﬁ@!%l‘?&&h@!‘ﬁ%h@iﬂ& selected from: a pait Qfampoles
interlaced to form a nexapole. a pair of quadrupoles interiaced to form anoctupole. a pair of hiexapoles
interlacedjte fednivasiogedaphlea paiaafpdatededdnicdabed loniaddoead diexatesapiieinasaid
guadrupgle interlaced with a hexapqgle to provide a decapole, and an octapole interlaced with a

quadrupBTetdprosfie fscanbdebapansbariBpartsrsiysridniBshisrt b Srtiecdrsentingithtion

provide gaifariagest VR GHLR ARPARILS 1 AR3RIE PNl PN SeRaFAla FouLCS. IR RRmpiged
along a predetermined longitudinal direction for collection and/or analysis but also enables in the

reverse jsattshovedeh deingestleatsdof benseqypanitialfytdipetes drdinherads bielsish inhekapnlel  pishd

enable, for example, collection and/or analysis by predetermined. downstream instruments. 100141
Discloset ureétlﬁr??I gl%;algges%naecgt%%g%r%y%?e?n%ﬁg%?%fc% ora %s% the: %?ﬁgn]%ﬁﬁ%ﬁgge%%?ﬁge% ion
guide aphatatapideenapigithef roetgingef piedlcedliansebd desisetdoadisespidas produdedfodan a
desired ion source se_ﬁtljentially to a pair of predetermined downstream instruments. )
interlaced with a hexapole to provide a decapole, and an octapole interlaced with a

quadrupole to provide for a dodecapole.
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[00151 Disclosed herein is 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 glﬂgﬁﬁgqqtrgd&altgip@qf}ll&ﬁgaaﬁﬁé% dgsirediiens Nithinalied Fhranddb e sesrndhied ghannel
paths; ahd providing a DC voltage gradient to induce DC axial forces that act on the received ions so
that the gedéiverpions tan tve sagblentially diwotetihalopgpeithtr shthedirstiohechaargd drakgeaond
ion channel paths.. [0016] Disclosed herein is a method,of operating a mass ctrameter having an
interlacdtf ?6%5%&%%@&3 HEuaes F!F%Oééi\ﬂﬁﬁ (f(l)ﬁ(s:t\l/ﬁ{h ﬁ\né? %:(r)st %rrx%yg, }ggé)%ef] ﬁ%%t%ﬁ%%%g]lﬁde
electrodggeintaniasediaprovide-ferairesuliant mylbpalejasrciannairaeial dhg firsidadahitbaecond
ion channels further define a first and a second ion_channel path; providing an RF field to radia#%
aDC

confine tha'saalrd ralseiverpbles Faihirraramiet sAUeRECK Ml iBh eRahds dath & sAgravR

voltage 8@91?&;&84?%?&%%9' forces that act on the received ion so that the received ions can be
directed to the resultant multipole ion channel. [0017] Accordingly, embodiments of the present
invention provide an apparatus that combines two independent sets of el\t(]e}é:trod,es (i.e., multipales) in

an inter 84 kLsdrsetosie i sdftart nbffSoI SRERHAIREIH st hotRf S iriRGUrE OBHE oriifating
from different SOHIRGR-GaMReIRLASIRY foN SSRAAe: 08 @9%@@1@/&@%@%&5@@@@@@1@&4@1@@0n

analysis without the cost of ion source switching inefficiency. Additionally, by operating the Y-multipole
device oftht ¢esisedtinvEintidniima pevdsedntioaenalsisastdancea fonstq wensiedivelnialpadiretted to

one or more, downstream analyzing instruments also without the cost of analyzing switching
ineﬁicieﬁ’éﬁdﬁﬁ%’f@%ﬁfl }57%6?—5 WINGS [0018] FIG. 1 shows an example Y-multipole

device of the present invention having straight electrodes. [0019] FIG. 2 illustrates a second general

configurbtii$ bisclassdadet smisitip oredboieavipry HUD LRIV R OPRE L ENSRBISABAJBDZORRIG. 3
shows an Interlaced s l,t Rl %&%%Eedr&'&'v%% QRS GBI YRSinterlaced 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.
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[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. WO
2010/080850PCT/U52010/020278 100221FIGS. 5A-5B illustrates applied DC gradient potentials to
direct ions from separate multipole ion channel paths to a resultant interlaced multipole ion channel

path of tae RiesRatineNtion$00231 FiG A soyss SPeexample asneraksResbameter Hagisgilizas an
interlaced Y- multipole having straight electrodes to merge ions into a resultant ion channel.
[00241Fil@erlasiedvisrageixbntpld spiribea] sydetresneterithiatg iiize svafhintarfasédiyd a second set
of ion guide electrodes interlaced to provide for a resultant multipole ion channel;
wherein the first and said second ion channels further define a first and a second ion
channel path; providing an RF field to radially confine the desired received ions within
the first and the second ion channel paths; and providing a DC voltage gradient fo

induce DC axial forces that act on the received ion so that the received ions can be

directed to the resultant multipole ion channel.

[0017] Accordingly, embodiments of the present invention provide an apparatus that
combines two independent sets of electrodes (i.e., multipoles) in an interlaced fashion to
form a resultant multipole structure. In such a novel structure, ions originating from
different sources can be measured for separate or conjunctive ion calibration and/or
(m/e) ion analysis without the cost of ion source switching inefficiency. Additionally,
by 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.



multipole having smoothly contoured electrodes to merge produced ions into a resultant interlaced ion
channel. [0025]FIG. 8 shows an example general spectrometer that utilizes the device of the present
invention to sequentially separate ions received at an interlaced ion channel into either of the
separately c‘gﬁfq&%?@ﬁ@ 5 channels. DETAILED DESCRIPTION 10026114 &' FES&AAR of the

invention in, it | derstpgd.that a, word ring in the singular encompasses its plural
counterpigrita;ia‘iniid a @c@%‘agp‘%‘egﬁriﬂgl%fﬁ%%sMi%@ﬁ?éﬁﬁ%@?&RQ%HB%%F%G%%&R%SS implicitly
or explicitiypirder shoddpel siatedraesiach H W RNk tritedRdessIROR AL fomamu gheen
component gr embodiment described herein, any of the possible candidates or alternatives listed for
that compt GBI BR4%kd 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 shownl#¥2din, aFd(ach peeessurifxarzme gmal&pﬂtso@ne@ommﬂiaﬁmmm?ﬁbe drawn
merely fo ityefthe invention.. A reference numerals may be repeated gmong the various
figureg toﬁs‘[ﬁgw}élgrpésgﬁ){% %%(%irltaerg Sré) od:%%e emefits. Ad &&F&%ﬁﬁ"{ﬁgﬁf e 6%‘88%%00(1 that any list of
such cangéﬂgées or alternatives is merely illustrative, not limiting, unless implicitly or explicitly

understo kstatdd Gteriies T@(f?‘?‘fFf‘Pé%i8ﬂ%?ﬁﬂ@§§%ﬁ&@@?ﬁﬁi&%&%ﬁﬁ%@§éﬁbﬁessing
quantities,af ingerslieniinLORBIIRNIS (RARIAN RRAHRDS ARLSR A HSH g I ppcification and

claims are to be understood as being modified by the term "about.” Accordingly, unless
resultant interlaced ion channel.

[0625]  FIG. 8 shows an example general spectrometer that utilizes the device of the
present invention to sequentially separate ions received at an interlaced ion channel

into either of the separately configured ion channels.

DETAILED DESCRIPTION

[0026]  In the description of the invention herein, it is understood that a word

. f
Y= T 7o DR . iy P o

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 orin
combination with one another, unless implicitly or explicitly understood or stated
otherwise. Moreover, it is to be appreciated that the figures, as shown hereih, 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)  Inaddition, 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



WO 20101080850PCT/US20101020278 indicated to the contrary, the numerical parameters set forth
in the specification and attached claims are approximations that may vary depending upon the desired
properties sought to be obtained by the subject matter presented herein. At the very least, and not as

an attempt t& A &S Hblication of the doctrine of equivalents to the scdfer SFHIH2IATE, each
numerical.pgrameter should at least be construged in light of the number of reparted significant digits
and by apiICHC s SR TR GRS AR AL (o e AR 88
parameterstaettidclaiths the: bgadsenpecntthestbipskmadesdaiasenigsbherginiaigapproximations,
the numerical values set forth.in the iﬁg&lﬁg ﬁi<am les are reported as precisely as possible. Any

[

numericalRISIDERISS SRRGRT e Pl SHBIprbTPGer arsseniey heseinng tbmveRy standard

deviation feadhindihel 1eaneetiia sestngrmenswimentorRENRLAL Ressntian JRAZEIENS present
invention is direc}ed to,a Y-multiﬁole apparatus and method approach designed to mer%e ion beams

from at leSSPRE G LB SatE o h cicakpaatnetenshenkda teastdarenstaastindighttd ion beam
source intthseRAKBE ep{ri@@éﬂaaﬁmaﬁ{%@'ﬂgsﬂafbfﬁfafyﬁwﬂ%’mﬁ%%?rf fLRREG" more desired

mass to charge selection mode instruments, such as, for example, by a mass analyzer. [0029]To
reiterate, FERRIBIGH Narithataptisedhittheyumaricahssngeans patariorsssitinglosttethsingle ion
source alapaza digsicd 168 ARSI DRI AN ANANASLIBLmaSS nare (yz) rato
interrogation. Generally, four, six, eight, or more equally spaced rods can be 6onﬁgure in‘an often
substantidifugstisticartriatbe apssitio ergaples apeitgptiredianpratoisgla sinpbssibhepAtito enable high
efficiency e, 4 iSSi d e of jons in a variety of instruments. While such

configu ratl%@r%té#ag\%%?g\%%?é %ﬁ%‘%}é@sﬁs& é%{':t ogggé?%gﬁ r%ﬁln?ttyr ar%gﬁfaeﬁfgrt& I{Ei‘f]l\gtilg (e
interlacedthesfryulatibdevidtion fresehirithentiespedtitotalingnabieuntiadnsed 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 sourcesiohbRimiReyegd gither 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 is without the cost of jon souyrce switching inefficiency that includes,
(m/e) f’(ﬁﬁ%’]s V\ﬂqe present Mvention Ic's {recte toa quultipoie a%aparams and method

approach designed to merge ion beams from at least two separate ion sources or as
another beneficial arrangement, direct a single ion beam source into separate optical
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,



WO 2010/080850PCT/US2010/020278 but is not just limited to, disassembly and reassembly
downtime. Another beneficial aspect of the present invention is provided by operating the Y-multipole
device of the present invention in the reverse direction so as to enable ions from a single source to be
sequentially‘ﬁ%@(@@@gg?ﬁ%f the interlaced split to one or more stages, such Q< iBP ¥/pte, a separate

pair of desj nalyzers. [0030]Tq.enable .a directional gujdance of the ions in either of the above
: discussed%gﬁgsra}awlt?% r%ﬁdégfg(ﬁ%&\}gﬁ%sge? ﬁ%ﬁﬂﬁsf%ﬁé‘e uﬁ%’e@r’f&’iﬁ?ﬁ?ﬂﬂﬁﬁ&@ﬁ#ﬁﬁ%@éout several
kilovolts wasipecfreffienmedentrimnai@Od: kinaviged npopt2 Eridzeiy appliegdr te ritesnating rods at
180 degrees out of gga%? from each other throughout the assembly. While such an arrangement is

beneficial PREVSITAG R ARG ThE & Sl aRARINSDaRg 1ohs figaes thngle sdeirriserods can
also be utiizegnfislpndiniiensbbearfiiaheamigd apnntepRPpigthaisiinstd Gueffset gal voltage

gradient(s) (e.g., a voltage gradijent from about +1V up to about +30V) can also be dynamically applied
in conjun fh ASRRERtS R RY sk Rshanabi7g™desired directions. Moreover, ion traffic control can
also be assisted via ion diffusion and/or gas flow methods as known and as understood by those of
ordinary 838 the &t enablabdinmpprevibpddhatehd tfeiomenticitet distlrchbpplidthRGsoffset

voltage gradient: irrﬂlgm nted preferably using one pr more DC axial field electrodes, as
known an%ﬁﬁ?&%ﬁﬁ%ﬁﬁe art,ovgtﬁﬁ%oc?aanéglesa% u%?ehcf(%%?&(fé?foag}ﬁ BRI tween the
electrode svectlikebtnitameakie aifrehe ey iipo lsbdey Blslddsarbadheiein. ExampledpEiadial field

electrode caonfigyrations can incl upling DC volfages to segmented portions of the Y-multiple
structureS%,O(|r);cgitl)e\glzll‘i %ﬁ@ﬁgr%lsneg 5?%0%%%%%@%#%‘?‘2%5%? f%?%%ﬂrﬁﬁﬁﬁ‘égéﬁrr MEPHeSetive coating
between tesdimhlys Wholdding: rasistive ganing s el BIUCIUFBRRSITNEY Soaladr pdiary

electrodes firgg}%% lectrodes, cyrved thin plates contoured to match the curvature of the electrode set

’ e HEARB ISR o 'ORE Srorimasarm alecrestitioed idasvianHanaed DC

structures, a
axial forceémadtio Desireeionpaths. 4 Qﬁaammmmsem;mtm@gé%ea&n@@ggg,fge'ds,
circuitry, such as, computers, RF and DC voltage Supplies, nd DC

known components and
control Ieréﬁoﬂti@gﬁagfaga‘ﬁﬁfcfﬁoé’aﬁ@éﬁéf‘él&mgb ahautgribYasanalie ksokyoantienldy s farligghiamic

conjunction with the RF to manipulate ions along desired directions. Moreover, ion

traffic control can also be assisted via ion diffusion and/ or gas flow methods as known

and as understood by those of ordinary skill in the art. It is to be appreciated that the
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.

[0631] 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



WO 2010/080850PCT/U52010/020278 control of the applied DC voltages are integrated into the
present invention so as to move ions along desired ion paths within the Y-multipole apparatus and/or

other components inte%ated into the systems described herein. Moreover, because voltage supplies
required to pTATIE#HES rious RF and DC voltage levels are capable of BEHEEH4IRREARY controlled

via, for example, a computer, the magnitude and range of voltages may he adjusted and changed to
meet the %%%%gelcﬁaf ?ﬁaﬁ?@fﬁ? E)Z%%‘?gtacﬁegéir&lfﬁ?&?ﬁ%ﬁw bREAEERAEITT6BE4 #42818b to be
appreciatesbthaionitalonbeisysteme disaiesedtherain Y&ﬁ@ﬁﬁ&@aﬁ@ﬁéﬁ%ﬁg%m(f%?b{eﬂqose of
ordinary skKill in the art can also_be introduced to guide desired ions along a predetermined ion path.

Such ion FEREBERETS Heiearated 1 e SHsHRE deseribed hareimdvereryiey, rerussieakiages, conical
skimmerssgsiing Reansd Stbr Pl Iae 18RRAS) I@%&W%@%@ Wit dhereapuliipQiegigyices of the

present inyention sg as to direct predetermined ions along either Tongitudinal direction in order to be

received By eRREFinsentratiedstnofns sxamapkon rememieindimegnitadennd rimgeafmple, a mass
analyzer. JOQRRLAREpBInansRuRIRYIding aa foRiualiPns. 800 APRRACNRS QLI PIRSERLnvention,

the resultant mergedor separated ion beanis can be interrogated and/or manipu by the interlaced
(i.e., the daraBirieny Yekrumpdigedructures 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

calibratioféaszyor (i/s)diso anbiysipbedibedaicial bopanate satreasaleinorRaiienusieyitaneously
merged b\a/[édire,ctin%ions from a second cL;??am path intg a first beam path to enable, for example,
855

conjunctiVBSEH LB PSR KnaRinPY SFRRTY Sl ok eet iy drshbeinzedrsedOreceived
along thegirsidaasabibndsorenplisipivrihhemuiipale savice Al fresedVEtnn ise

configured to operate in the reverse direction, the present invention enables ions resulting from a

single soﬁ‘r%teﬁl%“ﬁ%ddi?eﬁ’éﬂ%@MIWW%W@?@%WS?%@&@%@W gating to, a Time of
Flight (TaRmase anapresaedeasblequadingliedRuineaidpriyBrdieenigued i a swiching
i

functionality of the presentinterlaced device near the collision cell to enable analysis with either the
(Q3) or tHEFFfEHrTgRtion so as to direct predetermined ions along either longitudinal direction
in order to be received by other subsequent sections and/or downstream instruments

such as, for example, a mass analyzer.

[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.

10



WO 2010/080850PCT/1152010/020278 Specific Description [0034]Turning now to the drawings, FIG.
1 shows a basic view of an exemplary Y- multipole ion optic apparatus, generally designated by the
reference numeral 10. Such an example arrangement includes a pair of substantial%‘zztraight electrode

sets, as shoWl 6‘38’8?866% the letters | and Il respectively (e.g., quadrupgfé@)[f%ﬁb% i having

induced R_g ragi'.al iield components that can substantially contain the ions close to the axis of such
electrode nterlaced to provide for a multipole structure (e.g., an octupole) at a

portion Ill, as provided by the interlacing configuration and as generally shown at the rod face ends of

electrode gy ancri-Arpeislidakasiaslahabofe Sise il ARRPUNLOLAIREING gesired fons

either into a resultant interfaced single ion optic pathway or along distinct separate ns if

operated i tEvl deraptie IppaBITscstiealytdesignatiuboyetho refdried wameralcthfigated to
either diregt i ' B%IIQ Vil sland |l erge ign heams at the
into a sin%%%%%%?r%&%lg%%%{?ﬁégﬁow eév %ésg\%ggﬁgﬁgﬁ%ﬁrgc?ﬁ%ﬁ%ﬁi%t)%ﬁrepr s?t%c?t%rséﬁﬁ (e.g.,a
resultant sletupoldgrartcitiiizie Intthes lovedsd dispetimelon@iiesithelsepoles)jalasepiraidahipns along
distinct iopn path digectio .., along 11' an " (as shown. with accompanying dashed directional
arrows), v{l}éa%%eéja&é%%%é?/% f ef%% Ure s%‘fff%lg(‘:%}é: ge‘%% § aélﬁlé/ﬁycﬁo fﬁ% lggﬁ gof%.ggif?r?got%orating
such a devitect@uantoctemtasiespestramates aysiéneehablem ginedisiedoe iomskipck buibraeficially two

ion sources to be coupled,to, downstre instruments,.e.q,, an analyzer, or |f operated in the reverse
mode, enafeIONS oﬁﬁiﬁ%ﬁ% }?Porﬁﬁoé@ﬁ’g‘"flg EB?JYE%E)QYE@S&?}?%%%%éoé\g’rﬁ%hﬁ’é‘s‘?f@aa&ownstream
instrumenger(erglyaioass svlyzod 110030l G dlwhaue anothah@TENplRheRiRIlasse-Yomultiple ion
optic apparajus, now generally designated, by the reference numeral 20. In this example arrangement,

however, &IPSR IS SeRaPUY A SHRIBINE deyjred iegsiatRsmitaavicesHAgtred with a
substantiazlitéﬂmatbiﬁ@ﬂé%&%%ﬁw BV Gy SRMECIIeReEBpMaialiiRLabuich stk nahlg the

production of induced RF radial field components to substantially contain the ions close to the axis of
such elecifgEedretiRictures. As before in the discussion of FIG. 1, the Y-multipole 20 of FIG. 2 can
also be configured to either

[0035]  Specifically, the Y-multipole 10 of FIG. 1 can be configured to either direct

ions along separate ion pathways via electrode sets I and II to merge ion beams at the
into a single ion directed path 11 provided by a resultant interlaced multipole structure
IIX (e.g., a resultant octupole) o.r if utilized in the reverse direction, enables the
sequential separation of ions along distinct ion path directions, e.g., along 11" and }i"
(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 jon 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).

{6036]  FIG. Z 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

11



WO 2010/080850PCT/US2010/020278 merge ion beams into a single ion directed channel path 11 via
a resultant interlaced multipole structure (e.g., an octupole as generally shown by the denoted dashed
plane 111), or if desired, to split from the multipole interlaced structure 11l so as to enable desired ions to
instead be sEUERAARPHrected along distinct ion channel path directionst€tg/S3 0448 81" (shown
with accom%an%in ashed directional arrows) via the respective structured split electrode sets | and

II. Also sirfifehef REDY a8 99 %Eedenstitratsd dhantcheaiolivia mizsseltant mtatdager 20 device
of FIG. 2 alsatesiefigialbnanables at lﬁﬁﬁb@l&%@%‘e%@%ﬂ? %aﬁrﬁfi@@u&m%ﬁ%&%‘iéﬂ@e

coupled to downstream instruments, e.g., an analyzer, or if operatéd in the reverse mode, enables

ions origindhh§H5HESISAgHe SBliFEErms Bre spubieglnipialarad staustratecH biswassteeenabilestruments.
[0037IGenpialctiens B3R aubaalRAA, 2fdelaaiohy diRiessItinGIionjisell s often a
|

configured pair of multipole devices having an equivalent set of electrodes, wherein each of the
configuredlBREirsEes s ddpantbidf Hehayeowiduresrmiravs npdasting Enettiomfluprmahois 20 cm
that are ingelacad (EORBINRANIEPIPANER Qs IR T pp! e, Eonexample, the Ygmultipole
10, 20 devices disclosed herein car? reSL%té?rIom a pai{r 0 %rmﬁeggr%%%%gp(ggeﬁgﬁg? eogeiE({:
manner) tégerribachehepprndasshotgiadipole thatenachiple &) denibingdFiGa Iudsmer) to form an
octupole, gL.a.paiL les,interlaced to form a dodecapale, or as another beneficial example, a
pair of octupoles inﬁt)ér?aﬁ§§§ %ogg%%%c%c{%eal Eexat é‘&%%’gf;g%fo‘ﬁ |§1L??I ié‘ﬁ? Aﬁ%r%oé{WSﬁ/t, lle the above

mentioned@apifigurationsatepreferabienimésraggementliher estifapienibipplebofdherpesent
invention %ggdgls%b& confi ured.frogln m#ltigole devices having a non-e?%uivalent number of electrodes,
ace

son A BEIE SR e RIS AP0R STHERABBle to provide

such as, for exér%p?e, a quaa%‘ﬁgi‘g inte
a decapolsuch alvecistpedeni htettagechwith a quadrupole to provide, for example, a dodecapole.
100381Moreover, while a desired shape of the electrodes that make up the Y- multipole 10, 20

device(s). jpaxdisclosschbrrpinase sandyReralis sty b6 ARnLeaiptadihal fat arigireular cross
sectioned rods also havingﬁlgggths of greater than about 2.4 cm, r%%@g E(%%élr? ﬁgerﬁegbgﬁ‘fefﬁoélm up to
about 20 éseltirPaien deondtgrred pair of multipole devices having an equivalent set of

electrodes, wherein each of the configured electrodes is capable of being configured to
have operating lengths of up to about 20 cm that are interlaced (combined) to produce a
resultant multipole structure. For example, the Y-multipole 10, 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 em up to about 20 cm, can also be used to

12



WO 2010/080850PCT/US2010/020278 generate RE electric field lines similar to the theoretically ideal
hyperbolic field lines between the rods without departing from the scope and spirit of the invention.
10039]Beneficially, example ion beam sources that can be singly or simultaneously coupled to the
configuratioReotti@¥2 M ultipole devices 10, 20 of the present invention ESAHRAUIE R  riety of
sources known an%g%iiersto d by those in_the field of mass spectroscopy, such as, but not limited to,

an ElectroBpI716 S?Fr%%?& lipes simfex fedhecthsoprairadyiam huparbelinbelddses an

AtmosphesigReea U RN TARBEANEENE hr 3 BleGiopd TRachiED iPRigatioaspyice, a chemical
ionization (CI) source, an EI/CI combination ionization source, a Surface-Enhanced Laser

Desorptiopgipiyzatiop. (Sk % %%i\ Desqrption lonization (LDI) ion source, and.a Matrix Assisted
Laser Des[orptignllon?zgtﬁc%h 'A%_ %ﬁgdr%c%o? i Sroe%rﬁgsct!t GISRIL RS S BRI S BTG A bh sources,
an applicativpahtindiadenfigrgimgobd bi SreYuitaritifsoln deviBd $0L20eck theaphbidiR SoeREe 0
eliminate the time from_switching from one source to another. Another beneficial application would be
to couple g%nﬁ-ﬁ%éﬁ rac‘eraa{hegya%igéﬂlﬁcg%l%oﬁgraﬁ %‘?gﬁFPd‘@QﬁYo&‘-%%ﬁb%F §§a§js%%‘a%ﬁﬁ)n (ETD)
reingnnts.speedbddoisyaiseiahdappe daitddhal anElaessgexicesmoamigumdas aalyzers (any

device capable of separating iqns based on gne or more of m/z, charge, species, ion mobility and
combinatiorﬁ;’?ﬂ?i?ég%p@ﬁngfgﬁzﬂg%ﬁ?)‘l’éﬁet%\{ﬁ@c’@fﬂau R OTERRSRBETS RrsssHpRloRErivRnd can

include sysieras (Yepy G sisiglersiageslei(ES.i8rizabAd0R-H APSHEHi}a PIbIEREHSQEY resonance
(ICR), an orbitrap, a Fourier Transform Mass Spectrometer (FTMS), or dual stage mass analyzers,
such as, & 4H&8rdpdH /G}ﬁﬁiﬁgﬁéﬁt&&é‘?@%ﬁ’ﬁﬂrﬁﬁ?@’i?ﬁﬂ?gﬁ‘tl’(@&f’fﬁ?ﬁ)‘j%ﬁﬁéﬁsﬁin trap-time of flight
(LIT-TOFDastpabindmpatdhISERITAD 2 AR ITURAEHBA FHHRLIRIBI0NABRSHGR), Aign trap-ion

cyclotron resonance (IT-ICR), a linear ion frap-off axis-time of flight (LIT-oa-TOF), or a linear ion trap

(LIT)-orbitpFhadssitiar karerdaesgrmitory/ irmigation AMd O dcsanseey it lofeapestample Y-multipole
figuratigi,, el apparat b
conmalh sl ol b e AL 00 SR

configured to sequentially guide Tfons from a source to s (i.e., as shown
by directidfgibprsvizoaenpddinpreterand @ Middbeisaurari eliminate the time from switching -

from one source to another. Another beneficial application would be to couple an API

source and an EI/Cl source for generating Electron-Transfer Disassociation (ETD)

[0640] 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 (FITMS), or dual stage mass analyzers, such as, a quadrupole/ orthogonal |
acceleration time of flight (0a-TOF), a linear jon 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 éxample 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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WO 2010/080850PCT/U520101020278 11"), or in the alternative, guide ions produced from separate
sources along a desired single ion path 11 (as shown by an accompanying large directional arrow) via
the resultant interlaced multipole electrode sets | and 1l (e.g., Mutipoles 1 and 2 merged into an
interlaced re§RAHIERSWN as a dashed line)). Also shown in the exampBSFHSHHYIR3E0 of FIG. 3

are electrif be Coérng%ted C electrodes 30, 31, and 32 (e.g., vane electrodes) shown as example
branched ﬂ?a iSRG A SRR KP UGS RECHUSEA LR e RBEI AP BIICA AR SR At ally

increasingiopicciepainaiaRel cHAG ey el il AR OBIAGALIDE Spb@pelzad sets | and H
. a

and electrodes 30, 31, and 32 in FIG. 3 is somewhat exploded for improved illustration. However, such

electrodedSSHeteRtighatrts Hrrulipplsiericoasetidianded e ge M alieh Hrrnk R metgedelds
resulting ffﬁmme&@mg@@mm@sﬂma@a%ﬂwﬂﬂvginmm%tﬂ?tﬂwsggﬁ QLFIG. 3in
n

either directional mode so asto either separate ions from a single source (not shown)’into alternative

paths 11' BidtiPPle30A & fond arsreledpandie cssuriessRotishbwddsid Alsiglsdd(egathale, as
shown in EilGy34it %%%B@:%’%E?Qb%l%ﬂ&&v EFQS& f ordinary skill in the art m(‘a}to osite RF
voltages are often gs.psplied to each pair of opposipecl%/)r . |sposce{g'%i’a%§%£ e ecc{%r%cFeSZEedts es.g.gf)t%ets | and
H) via an iecaprhilisped blerigganshoimicdlpsnoemitg richsinaidesiplisadRCissee MHlong with
the aforemgntioned ap ”ﬁﬂ ltage(s)..the electrode 31, and 32 of FIG. 3, shown with an
array of branche(? porti%ns g? g}ég %:%%nﬁ(g%cr%o %Sagssopg%% e darﬁ%‘?(?eaﬁgﬁ)éeeﬁggtr% ”fiaerl'éq gz\éﬂhus DC
axial forc&3Gn Jip reneterhsihexpiasied fowitmprovdtpbls aeittoddsets br) kaotasldetisgesians along a
desired lopgitudinal direction. [0043]T xample branched portions 33 themselves, as shown in FIG.
3, may be@%é%%%ztg ﬁﬁ%ue}?ye%%: Er)tclJ es%ggfﬁ%nﬁ%ﬁ%ﬁd{g? 6?%?1%W f‘%ﬁtﬁlé’&%&%ﬁmﬁany applied
voltages oesfitiegdmplaheanfiguoeld sesidteddBoTdNIG.(8.0., a resistor) having in some instances,
predetermined capacitive elements (i.e., to reduce RF voltage coupling effects), configured so that the

desired rqgiye naivreAsplsring ihe desReIPHRaa g2 ana aais plibecleggodes SO,

31, and 32. The point to be made however, is that regardless of how the DC voltage gradient is
formed, viAiERIERPBeSR omtiE opltagirgltheotssaltant soitage irftral taumatie plavbitatjosndftéh a range

of or merge ions from separate sources (not shown) into a single ion path 11, as shown in

FIG. 3, itis to be appreciated, as known to those of ordinary skill in 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 5o 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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WO 2010/080850PCT/US2010/020278 step-wise monotonic voltages to create a voltage gradient in
the axial direction that urges ions along either ion paths 11', 11" or if operated in the forward direction,
toward a desired ion path 11, as shown in FIG. 3. [0044]To illustrate a method of operation so as to
alternativelyvg‘é|5%]Plo{i3 %8s into desired downstream instruments and/or o]fﬁgfuégwga%@ctions of a
mass spectrometer, the reader gf the present application is directed o theﬁf .of p,Iots_ hown in FIGS.
A i T S D LR T S G AR B LA ETE ot of FIG. 3
in the revergesiimdealoag sikeglenpaths direaions dlepg predlatatmingdvian chamaepashsyd00451in
particular, EIGS. 4A-D graphjcally show ,apé)li?eﬂd relative DC voltage gradient levels along the
electrode® 35 5L 1§ f[h%‘c'ﬁré%‘gﬂt% Ktidn, as shown in FIG. 3. Such DC voltage gradients,
along with other disclosed aspects of the present invention, enable d_esired ions reg:eive_d by the_
interlaceddHipolel stillegirate pienpthaiedtepeandanesivad taloiernitheelpagpathtt idtsantomprises

multipole LE.: ' ).Qrto | 11" that comprises multipole electrode set |
(e AT B R e B RGeS T o
ion path the etaslecubtie spesefitapplidapotei2)iretatl écDBewsitag phradieotsroine FiGS.abdyapplied to

the DC elecir 30, 31, .and 32 of FIG,.3 to induce, the DC volta adients that are illustratively
shown in EiEe 0 2 e S Y (R SR G LSRR STACHETRRS top plo
of FIG. 4AfSFiéws apliederalativenode (i.e., to sequentially direct ions along predetermined ion

channel paths).

[0045]  In particular, FIGS. 4A-D graphically show applied relative DC voltage
gradient levels along the electrodes 30, 31, and 32 of the present invention, as shown in
FIG. 3. Such DC voltage gradients, along with other disclosed aspects of the present
invention, enable desired ions received by the interlaced multipole structure II1 to be
directed alternatively along either ion path 11” that comprises multipole electrode set I
(i.e,, Multipole 2) or to ion path 11’ that comprises multipole electrode set I (i.e., a
Multipole 1).

[6046) Specifically, to direct ions received at the interlaced multipole junction III
into ion path I1” 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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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 v%!ta e{gradients to the DC electrodes 31 and 32 of FIG. 3, i.e., a decreasing voltage level
at position C OP[?EJ' {&&r8de 31 as related to position F of DC electrode 3XdréFaH§e¢eHsing voltage

level from gggﬂ@sr%rgtoé BCtﬁ.e?:Cgﬁde 2 ai related to position C also as induced along electrode 32.

Simultane a5 Shown 1N FIC- % ThE16) Prsti i dthassnest sodhavabagabing BIC voltage

level alongpeltaledirotiel &trotiE\, 3s(asribepatisay RASHANS F16. @x@é&%ﬁﬁ'@@fgﬂ m plot of FIG.
4B shows an aﬁqﬁéeﬁgverall incre s_lrﬁ%%DC voltage level, WO 2010/080850PCT. % 0/020278 as
volta

illustrated 51 ggqg@gFﬁrﬁ 515h & Hinstratgsbint FGhd domagd F16/dmuthpasisiohdaphiilettrode

32, as corresponDiOghechonds BUFE. B i a .yoltage gradients, as illustrated
in FIG. 4A§1|rllg Flé‘&ffll that can be applied togtﬁg%lg%ggogg%gg%ggnrg?%%%%hoﬁn in FIG. 3,
enable ionZYEEH %ﬁeﬁ%%cﬁﬁiiﬁﬁw@mg&&é@%mtmwmm (oeladubtimber)l (i.c.,
Multipole 2). 100471Following along in the discussion of example reverse mode operations of the
Y-multipold®@d¥ice oF ehle wiagerviny entiendiscdirgohionsvaapivadabihednas aged mulinglg,unction
[l into ion Ra '8f el %t%%defigél g.e., I}L_A.ulti%?.flzglaol)%relative_DC voltage gradients are again
desirably applied 10 the DC electrodes 30 31" HHIP3o Brriest forpirpnsiethatike iatealgsagtadients
illustrativelsnsHipviejuFitB6n 40 and 4@ pathatiadaldeduevidy fe afaemestiyedguidapge of ions

into ion pag,h 1Jfl' the t R lot of FIG. 4C shows an applied overall decreasing DC voltage level along
DC electrode §§eo$laf%.r§?§§%ﬁ’33§11ﬁ{?§fﬁ NE fond DA eicivnitesid8, Fditand BROOFFHG. 4C
shows an appliedwrestial INCresising PladeiaosiRvel: feUsiRIe Dy ERg, weMags jfyel at position G

with respect t th%voltage leyel at position F of electrode 32, again as correspondingly shown in FIG.

3. [004811R HhiS ERANP R IHA Jomait ABIR eRes Guidase v joaptibelinsigtath 117, the top
plot of FIG. 4C shows an applied overall decreasing DC voltage level along DC

electrode 31 of FIG. 3 {again as illustrated at positions A, A’, B) while the bottom plot of
FIG. 4C shows an applied overall increasing DC voltage level, as illustrated by the

voltage level at position G with respect to the voltage level at position F of electrode 32,

again as correspondingly shown in FIG. 3.

[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).

[004%]  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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decreasing and increasing voltage levels, as shown in the top plot of FIG. 413, are induced alo_ng the
DC electrode 31 structure of FIG. 3 (as illustrated at positions C, C', D) and an overall deﬁreaagg )
voltage level, as shown in the bottom plot of FIG. 4D, is induced along electrod(? 32,ass own y the
relative DC %ﬂ&&@’%%ﬁ%ition G with respect to the relative DC voltage R {pB5ROH 2% & ordingly

desired io eived at.the interlaced multipole junctjon IJ] hown in FIG. 3, can be pre_fere_ntially
directed t@%%cirodeeﬁgéitlﬁ%g?eﬂlﬁ? ip%fgﬂ‘j[fépféé’i’ﬁ% Hﬂﬁgv??f%'ﬁ ﬁﬁﬂéﬂﬁ%ﬂ@cﬁﬁfﬂ%ﬂon of
the Y-muIuipblévtefmwmmhmﬁﬁéwﬁmﬁé%mwﬁmp%&fﬁ@r:ﬁ),'(iﬂ,%jsﬂifrces Into

desired downstr instr ts or other coupled sections of a mass spectrometer, the reader of
the prese r?\ti%gfa %:%a I%ﬁgﬁg\?ﬁgﬁ]&&@]ﬂ%@&l%& RIESERER A3neE RIS, errasrpsdingly O

2010/0803H0RE THEE2( GAF0DTBORRE FaHidsiia e SHEh IMAtE Al RRBLRICH oG 94 B

graphicall%feggivl\gr %P‘Pelizet?on, enable desired ions from one or more ion sources, to be directed
along either ion path 11” that comprises multipole electrode set I (i.e., Multipole 2} or
ion path 11" that comprises multipole electrode set I (i.e., a Multipole 1) so as to be

received by the interlaced multipole structure X1 for further ion path manipulation.

[0051]  Asan example of operation so as to direct ions either alone or simultaneously
into the interlaced multipole junction III via the aforementioned electrode sets I and II,
as shown in FIG. 3, it is to be appreciated that predetermined relative DC voltage
gradients are simultaneously applied to the DC electrodes 30, 31, and 32 of FIG. 3, so as
to induce the relative DC voltage gradients illustratively shown in FIGS. 5A and 5B,

[0052] In particular, to direct ions along electrode set I (alone or simultaneously
along with ions directed by electrode set IT) so as to be received by the interlaced
multipole junction IIT 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 Jevel
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 IIT of FIG. 3, it is again instructive to note that both of the plots FIG. 5B show
simuitaneously 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. 54, the
top plot of FIG. 5B shows a higher relative DC voltage level at position D with respect
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relative DC voltage gradient levels via example positions A,B for electrode 30, D,C, for electrode 31,
and E, F, and G positions along electrode 32, as also correspondingly shown in FIG. 3. Such DC
voltage gradients, along with other disclosed aspects of the present invention, enable desired ions
from one or%%?gl%%sgoﬁrces, to be directed along either ion path 11" thgfjgﬁqﬁﬁﬂﬂglgéamﬁltipole

electrode set Il (i,e., Multipole 2) or ion path 11’ that comprises multipole electrode set | (i.e., a
Multipole 1§ @Eﬁ&é’%&%ﬁﬂé&&%ﬂﬂéﬁ&é@hﬁ%&%&% SRR ERISbeIR BREIG.
manipulaB)ry e 3IRMAHa0REBHIE PIGPSPAARE SRcass @ Kiseel RNSRIBUAMa M piaykaneously into
the interlaced multipole junction Il via the aforementioned electrode sets | and I, as shown in FIG. 3, it

is to be apiFRtReg Withsrenettimtheddiatire LB Jtarie whaiametea Kol msntedsifapplied to the
DC electrgues:3@oits Elewsdr 30r28;[@ induce the relative DC voltage gradients illustratively
shown in FIGS. 5A and 5B. 100521In particular, to direct ions along electrode set | (alone or

simultane along with jons directed by electrode, set 1) so as to be. received.h interlaced
multipole unc%lon 1] o?clgfgmgrqft ity C:ir;‘s Drﬁcx:%eee tﬁg %%1%%% éﬁ% 6?&1:53’0?3#{&8?&%%&/%%% relative
increaslinghmﬂiiégeﬂmvelmibdup@ﬁ@dbﬂmg:ﬂedl )@&ﬂaﬁhﬁéd@@ﬂemtﬁ%dﬂslé}gami@a ?{H?Iﬁ Ford X
example, the,t ot of Fig. 5A shows an applied overall increasing oltage level, as illustrated by
the Iower?gfgf%%&t?/é?a%%eéﬁé}& SRiIe 0\%%@1%?6% Jférﬁ{éoﬁé&/élraﬁﬁgfé‘@eqoﬁ position B of
electrode i22pasticerdespastebaghyisteivadntitd Sapsbhe hattanhp Hrigmefeshiaws a lower relative

DC voltage level at position F with respect to the relative DC voltage level at position E of electrode 32,

alsoasc ondiggly | ] rect | de set Il (alone
or simult;{r?é@fﬂ:}sly a%%/ %ﬁ%ﬁg Ig#%%xt%egﬁ%%ggliec rggcl%iggtf é%%%%elviﬁ%% t%zs%glt%’rlaced multipole
junction |I1generrty Stasigratpirbin e msiveenra swoteaal$Ol bévhiegpiotsel KB agthsNemwdiipolaneously

cooled vk TR BRI R SRS e SerRlsch B,
describeddasmseedithorspect 4o $1GvHAn the topiplpleaFdGzaReahofBig. Nighesdiélatie BE voltage
level at p%‘skiéir%rf)fg z%'i[ps rs%%%?r%meter 600 depicted in FIG. 6, is shown with a straight Y-multipole
10 coupled to an arranged pair of example ion sources that in this exemplary
configuration includes an Electrospray Ionization Source (ESI) 12 (shown enclosed
within 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 IT 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 T and II so as to merge such produced ions at the interlaced junction IIX using RF
fields applied to the electrode sets T 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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WO 2010/080850PCT/US2010/020278 to the DC voltage level at position C of electrode 32, as
correspondingly shown in FIG. 3, while the bottom plot of FIG. 5B also shows a higher relative DC

voltage level at é)ositioan with respect to the relative DC voltage level at position F of electrode 32,
also as corr@’s% ?‘Hfﬂsg%ghown in FIG. 3. 100541Accordingly such exam @Tﬂjéz%[lf(ézﬁ%@radients, as

illustrated.in;E1G: 36 HZJ’: hat be applied to the DC electrodes 30 1,§%9 2, as shown in
FIG. 3, enable ions toﬁb dtljr%:\?e% {tggtﬁ%%r?yusﬁ?p%glgqmgﬂ%%gﬁ lﬁirﬁgﬁ% TR ﬁP@ZSrt FjﬁB’éctive
downstreamalysis wheniandioteutisesasrhatdss speabaretert stagestRADD MG ufhehe)s:an
example arrange t of a mass spectrameter system erally designated by the reference numeral
600, havira% ﬁ%%%rﬁé%% %gY-l%%%%%e% e acfh%ﬁ%?ﬁ(%%igigured with straight electrode set sections |
and Il, as reviouslé discussed above and as shown in the example arrangement of Fig. 1.

SpecificallPfk exdfipid phavsamnihenceanpbogasEaTant PG, Baks shevirowittca Strséght
Y-multipolgLObequpiad tRaparang ik efexanple | r hat in this exemplary configuration
includes anaél)g%tro_spr%y Icl)rgilgtion gll%?:lleéf(%SI) 12 (12?1&3%1m§§2‘§%‘a v‘l\:/)l{%fllb geﬁsrﬁe egé( gand a
Matrix Asdistdirechissrabgaisipesnibhesineshionmendisonssed e, miswshtadrbgntiosed within a
dashed bgx iNstati 1.are each beneficially coupled to a respectiv
electrode se)gtr isgéh'cgtciio%d?%%%ﬁ%ﬁr%ﬁﬁﬁ%%ﬁ%%sﬁgﬁgﬁ rﬁg%%%yéﬁ?@f?@%c RBFfGured to
substantialgriafige seith khod Shwusb o thin SGghty wellltipoteFIG d8)icel dinpaseeehesaitinglEhis

arrangement.. rgig&ce ions by, either sourc e solely dir cteal the inter|laced region ]Il via
either ofntﬁ)e clg’lllllp ed“é%‘c?%ggg (s %Eolllnf%(rfilr%e@rer%ﬁgﬁg% &%Tﬁz (o) fk’%@glﬁ#&é PSS Yems and
disclosedsheremindiliGhbf 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, sy direqhioas:simmiane AU PSS 4 NG QUIGRH @e[gm'éﬂ FRAGMALRI AL

sources) via the coupled electrode sets I'and Il so as to merge such produced ions &t the interlaced

junction |W&&ﬁ@lﬁ?%@ﬁ%ﬁ@l@@déﬂt@@@d@é@@@é@i@mqmp@@ymsmgcrhemwscribed DC
voltage seadipleiAuBlae ot alepRtBlRToPRRESEINCA ADRKE ARG A2 SNOWALIL RG24 and 98-

Such beneficial arrangements and methods of operation enable separ
2010/080850FE pgspchorercardrsed within a dashed box) and a Matrix Assisted Laser

Desorption/]onization (MALDI) ion source 12’ (also again shown enclosed within a
dashed box). As before, the illustrative sources 12 and 12’ are each beneficially coupled
to a respective electrode set section I and IL. 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., ESI12
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 11
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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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 ans\l}xze# [3 18. [0056)FIG. 7 shows another example arrangement of a mass spectrometer

s
system, now geReralRdsignated by the reference numeral 700. In this SGHISR M AMRIEment, the
directional gasdanc sired jons, as discussed above, is provided by an interlaced Y-multipole 10
em bodimelﬁﬁggt iseﬁ%t\%vqgosr[ﬂ‘%gﬂ%é t\3va|% rslk?ﬁ%% ﬁ?lc%xﬁ%‘grlgua%%%%&g%e‘fgq L1739 ERESSRBWIFn FIG. 2
as well asdpsFi®, Seremliydespmespbhylitiglydfonfigiradiwita 58000t conBuresiRE®Blagrode sets |

and Il, as aljsg shown generall own in FIG. 3. [0Q571]n particular, the example mass spectrometer
700 depictegri%nﬁ%.mﬁﬁg & gvéﬁgsﬁt%ogkgﬁﬁ%ﬂﬁ#& 1) &ﬂﬁgﬁ%%Qﬂe?@md%WQ@%ﬁ%é to an
arranged paiopirexampleitreserscemoissussedmbaverar fliuety ieElepFogaray lgpization
Source (E%ig 12 éa ain shown enclosed within a dashed box) and a Matrix Assisted Laser

zat

Desorptiofi RS S el Whilkseish asraneiiveranicacedvithmd deelsetbox). As
before, the-dsistratwhonu ce SR, 8N £X e ashagnef i%@wmﬁgwﬁﬁﬁﬁa%@ia %1%&%%@%’6 set
with couple

section | and Il. Also as before, each electrode set section | and Il is arranged wi

electrode &h§ msiogy agshommin FlGcksanraenihronsilisgdlongimthe mystaodr can thus
be solely drecteditoiaoustsay st elRclen? SethopLLgh IIRIRARICNARLHaeipd using the

interlaced Ymultipole 10 of the présent invention. However, it is to be appreciate a beneficial use
of the preS&RtiROkHderis tHhairdeeqBapaligidanco ot ebiy el ttrsoes ciscusspd BB ML End MALDI 12",

via the coppladaleeions srisd LSS R MELAS SHGh Rieduced o oL ihg aleylaced junction

t
using RF fields applied to the electrode sets | and Il and by using the above 1b Uuﬁlegvoltage
gradient eXaRHithathnr snoparasionlizesties gitidenabovethndsds. ghdumlimdCari\ne 55. Such

beneficial t eration enable separate.ion calibration and/or (m/e) ion
analysis oggcggr% ct%é@ﬁ%ﬁgrgfogﬁ Cgré)de%ﬁﬁnal%? R alﬁg%s% I&‘f’é‘&%@?&%ﬁﬂ& {8Yis as enabled by
subsequefraiswtistipdmeitseefmttedsschsastimn plidessiatgd ibogeisal 6)sprdtapabaer(s) 18. WO
2010/080G50RCTSPRHQIQ20278

[0059]  In this beneficial configuration, the example mass spectrometer 800 depicted
in FIG. 8, is shown with smoothly contoured electrode sets T and 1T merging into an
interlaced junction III, now arranged so that the interlaced junction II 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
L IT 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, II 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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[0058]FIG. 8 shows another beneficial example arrangement of a mass spectrometer system,
generally designated by the reference numeral 800, now configured with the aforementioned smoothly

contoured Y-mulwt)ole 10 of the present invention arranged to operate in the "reverse” mode, i.e., a
mode that s€GUENTARI%rects produced ions along a desired ion channeFEARSHRANREIN a smoothly

contoured Ynyltipole 10 er%i%ﬂ is shown jn FIG. 8, itis to be appreciated that the straight Y-multipole
electrode ORI BAE R ShoWHRHES 6 Wit dhe sdmp e dinsansiiinohide psesanBoo of FIG. 8

without degertiegstramitheciions ebthe presakinupaan MRIRRE Yybpale Hﬁgé&eaég? directional

guidance %f deséred ions, as discussed above, is provided by the electrode sets | and Il, as shown in

FIG. 2 as (WETPRSRERIG! B (0NGFRIISGHRA Hinkrmnsiwmisy efrerabirigg insioamestscds (e.g., ion

lenses angfiavsgaseskaeneipbREdelds andltooltrgqiy adients é@d%@%ﬁ%‘.'%t?oz%‘ﬁuds}g%:fof FIG

sequentially tqQ either electrode set section I, Il, as stated above with respect to the di

3. [0059]IAFh RS ERuRrhr bRy anrdianalfdsexample mass spectrometer 800 depicted in FIG. 8, is

shown with smoothly contoured electrode sets | and Il merging into an interlaced junction HI, now

arranged $0i#t thdtitteddeatbiedotion ik gentintlpfdhsidedierais cpuplashieransgsamplegmingle ion

source, i.em@n E boggr&t&oggi(zggt%n Source %IZ_SSI 12 (again shown enclosed within a dashed box)
t APPLGUPIRY 1577 vaBWHEtRFORERRIANd 2acH1d 46.

: . .
but with the eleléltro e’se secﬂons [

Generally eserioec:risoarcan foe ganeratedip (b FSdLwawse M@@@éﬁ SRatplsang directionally
manipulated lgﬁlﬁ it%%r of electrode set sections I, Il via applied RF fields assisted by the DC voltage

gradients THAUS H ABYPHHGes apdiphwsss (@idhe terBpole mleraeasdiostion of FIG. 3.
By utilizingathial dicectienatatyidancg] obthe interaes dorsruitiRlgiA00fthe - presentivsaLian, one or

more coup‘léeélan yzers, e.g. a linear trap 44 and a 3-dimensional trap 46 or other instruments (e.g.,
42

multipoles’2®' T 65RRRRs ¥ £ lerinedss 80rdinenst Bboraalde sundsdianiputhiedd to sequentially
receive iopgiiaphieher-ami lzlkﬁ{i%%!‘9@4@fﬂ%@émgﬁv&%éﬁ{hﬁ%gﬂiﬂgﬁeﬁ%ﬁﬁ%‘gf‘ dimensional
0 ic

trap 46 are shown as example downstream instruments in FIG. 8, otRer beneficia oﬁ%&% ions can
also be utfithen elssirpds sscieraRmiesdapseicenfitiy piesetihinsestigroduced ions to a Time of
Flight (TOF) mass analyzer and a triple quadrupole WO 2010/080850PCT/US20101020278
(Q3)/lineajofiék] hybtboanfigyeeceluith théc switefiner kngipnalityvatthadissantfe\desHaear the
collision cellet% ecr}%ble nal}/si Witgeither %?& (Q3) or the linear trap. Accordingly, it is to be
appreciatéd that any Number B 2TAITDiRGSHRR, sl hopraipisms drsdess ﬁm,ﬁ takde
integratedsimpdethergydiasG09bidias & (@, ramge, iemihrcdsaad imontiohaRd ahal¥siSsensors,

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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[006011t is to be noted that he generally depicted mass spectrometer systems 600, 700, and 800, as
discussed above, may also include an electronic controller and one or more power sources for

supplying RE gg. .bfixed voltage amplitudes and phases or controllably adjustable amplitudes and
phases to th& -Zﬁ}ujl?l%’g?g electrodes for ion radial confinement) as well aglﬁ@%’ﬂ%@%%
predeternyngﬁllgdﬁg%odeqs ?nd devi?esf sltg‘Jch s, for example, DC electrodes 30, 31, and 32 operably
coupled with the Ymumipole T 8B it At HE bR B R DEFRITHeH AR S SRkAE SO IfEly zers, and
other electiiodlerstraiitures aioortfanseditasd thedpresrntd yertiag theQEHMIGAYGH a0 glgetronic
controller copfj yre with embodiments of the present invention is also often operably coupled to
various other é%v'lcé KhBWWReS B irTB RSt et i Sraraired and morspeedhinproplatds,
illuminatiemdalrpes;ssenseis: ipseedh ARG BO5EHREGReIPRAHJTh G 42, and detectors,

etc., so as to control s%gh devices/ instruments and conditions at the various locations throughout a

configure S IBATOTLAN SRTEIS FEERRRALRYRANE BIGREISFepidaamg teftyatiemeing analyzed.
As also km@mms@weaﬂﬁgﬁee@rtoaé?aéaﬁwEét%f%ﬂgw&aiéﬂ@ﬁﬁ%%bﬂéf HJ% implemented to
vide

enclose and maintain any of such devices/instruments along the ion paths to pr for

predeterniiffsd pred deenalysinand renehrautinrnved thearregent éphenitopresther[@06dan addition,
tis to alsedigappierialeadbahinRAg dEaied o Uch IATRIEMESS ARalYARLS, g cspiiant ions
ie€ of ch&mbers of y e

can and often are transported through a s€ progressive edd’ %Erless%re by a
set of ion %ﬂé%ﬁﬁ%ﬁ@ﬁtéﬁ@gﬁ?@n‘f&ﬁerture& skimrner cones, electrostatic lenses, and multipoles
selected from radio-frequency RF multipole ion guides, e.g., octupoles, quadrupoles, that restrict,

guide anddd63}s iorls ioapyo vislbeggsstéanea gsiomsifidansiet, JewapoSRbapRaIRReMMUNicate
with corresg%ondin ports as known i{1 the art (not shown) that are WO " o
2010108CBREISRE SYBRPEsteclosed herein, such as, for example, the identifying of a set of

m/z values, the merging of data, the exporting/ displaying of results, etc., may be

executed under instructions stored on a machine-readable medium (e.g, a computer

readable mediumy) coupied a particular mass spectrometer. A computer-readable

medium, in accordance with aspects of the present invention, refers to mediums known

and understood by 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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coupled to a set of pumps (not shown) to maintain the pressures at the desired values. The operation
of a configured mass spectrometer, such as, the systems shown in either of FIGS. 6-8, is more often
controlled and data is acquired and processed by a control and data system ot de |cted) which may
be impleme R gsrﬁ? Bne or a combination of general or special- purpogg Tirmware,

software), ware itr qured I ecute of instructions t ody the
prescrlbeciﬁa}lé%';ij%nziES igPlgfygssd gh Ifjco‘)'rll roq?’ L%lng%% grbsresgn%%ﬁv%ﬁ?]&%a‘geu%s Ee‘@”s%ﬁ%%f the data
may also idehaatEryeraging, scan grouping, deconvolution, library searches, data storage, and data
reporting. 100631lt is also to be appreciated that instructions to start any of the operations inherent in
the systems disclosed herein, such as, for example, the identifying of a set of m/z values, the merging
of data, the exporting/displaying of results, etc., may be executed under instructions stored on a
machine-readable medium (e.g., a computer readable medium) coupled a particular mass
spectrometer. A computer-readable medium, in accordance with aspects of the present invention,
refers to mediums known and understood by 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. 100641lt 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 detall, it is to be appreciated that they are exemplary, and that a
variety of substitutions and alterations are possible without departing.
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CLAIMS 1. An apparatus for guiding ions, comprising: an interlaced set of electrodes that defines
a resultant multipole on 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 aSe ion channel path; and an RF voltage supply for applying RF voltages to at least
some of thé electrodes of said first and said second set of electrodes, said applied RF voltages being
configured with a phase and amplitude so as to radially confine said ions within said first and said

second ioR chanaglpahstus fovbeigiRgriskiitgrmstighglectrodes and said second set of electrodes
comprise configurations to provide, for said resyltant multipole ion channel being selected from: a pair
of tripoles interla%%(ﬂgaa ﬁ%a?ﬁ%%ﬁ%ﬁgggdﬁgir{% Qq%%ﬁjspglé%‘qi%r%grﬁ}ac%u {%O%r%naﬁhggﬂj%’ole, a pair of
hexapolessaiteitdertarts fegtohaliocieudgrohsingpeon tfwed folesanist scbaftolpriadee andexadecapole,

a quadrupgle intedacsdith GuBexapeieia PivsR @ Hecapalavandianreianaladnteriaees with a

quadrupole to provide for a dodecapole. 2. The apparatus of claim 1, said apparatus further
comprising 2 FRHSSPRE Ve PAtl @93 DC voltage supply adapted to produce DC voltage

gradients along saidRfukalitygef B@M ehecivodgspsorth ok Fesulfageaxial fdrdesstaspdirectfol® or more
injected iopg in.gittie piongifypinal Airsstionanihinsaidr i Aradiy, ik serard IRR ¢BRagE! Paths.
being configured with a phase and amplitude so as fo radially confine said ions
within said first and said second ion channel paths,
wherein said first set of electrodes and said second set of electrodes
comprise configurations o provide for said resuitant multipole ion channel being
selected from: a pair of iripoles 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.

2. The apparatus of claim 1, said apparatus further comprising:

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.
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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

comprises moolﬁﬁl contoured electrodes. 5. The ratus, of claim 1, wherein said first set of
electrodes%nd S é saé)@@ﬁ%{% tc%lpgq@&t}%évgs? ?ﬁ'r?hségr?%:%?ﬁ%%ﬁéteg sefr[a%%ﬁtd 8[%3&% géqasgc?ﬂgsapparatus

of claim 1 setwirelactidesspanatizstosryaiding tontoiy edmifgiredeso that a first inlet end of said first ion
channel path and a second inlet end of said second ion channel path are respectively coupled to a first

and a second ion source. 7. The apparatus of ¢laim 1, wherein_said apparatus for guiding ions is
configuredo that & fRR G 8hi Flséid’%}%ﬁ@nsé firieghare J:régr)%%aﬂgtsé%%ﬁcg second ion
channel aseted péativedycdupied tcorapiirst asdagbtetrrdradedyzer. 8. 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. 9. The apparatus of claim 1, wherein said

apparatus for guithfiy ARt NRGLFEN S0 that BT Fite AR PRARGEF R 09¥5iA%eiRfIBarE multipole
ion channebisfigorgdesbichan aiadyzeilet end of said first ion channel path and a second inlet

end of said second ion channel path are respectively coupled to a first and a second

ion source,

7. The apparatus of claim 1, wherein said apparatus for guiding ions is
configured so that a first outlet end of said first ion channel and a second outlet end

of said second ion channel are respectively coupled to a first and a second analyzer,

8. 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.

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

is coupled to an analyzer.

10. The apparatus of claim 6, wherein said first and said second ion source
comprises at least one ion source selected from: an Electrospray lonization Source
(ES!), a Nanoelectrospray lonization source (NanoESI), an Atmospheric Pressure
lonization source (API), an electron impact (El) ionization source, a chemical
ionization (Cl) source, an EI/CI combination ionization source, a Surface-Enhanced
Laser Desorption/lonization (SELDI) ion source, a Laser Desorption lonization (LDI)

ion source, and a Matrix Assisted Laser Desorption/lonization {MALDI) ion source.
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10. The apparatus of claim 6, wherein said first and said second ion source comprises at least one ion
source selected from: an Electrospray lonization Source (ESI), a Nanoelectrospray lonization source
(NanoESI), an Atmospheric Pressure lonization source (API), an electron impact (El) ionization
source, a ﬂwemi | ionization (Ct)Bsourc N El/CI co&nbination lonization saqure Surface-Enhanced

e
Laser Des r1ption c?n?fégt%ﬁt@@ "fon sour%'ée,iré aa{sé?rb%%%%?igﬁmgﬁﬁ%ﬁign a_aB )Ol%% 'ggurce, and a
Matrix Assistede_asecidsbepion drecitisn@yAcDrgiin sdovcee (ESHTRN S@iatiroBRE#Him 8,
wherein sgighiofisAUGE-COTHAIRGSH, leAShRREIIRePRUES B SSRIRCIBHHAMA b B HRBIPY aanlonization
Source (ESI), a Nanoelectrospray lonization source Na,noﬁéa, an Atr&oipherlc Presrs%hrg lonization
source (ABISCHRR YRS FRPACN BN 9o RAMIGR: s BT RhRnET 98N A SRYES: Uk TAn ElC]
combinati@miﬂ_riimt&n_n Emiregom Suuia;ee-EnBarfaed—EaiagnM_drpﬁan/%zaﬁ@n@ﬁt@ﬁp’mn_source, a
Laser DG%EE%'%HZ%Q_'%&Q'{&%F%ﬁpBBH M2ty Lesisied hasrl-Resqrationigpization

(MALDI) ion source. 12. The apparatus of claim 7, wherein said first and said second analyzer
comprises"SSiélest bReCARSIRNISBIRIERIRSIMMAH-I3R IBPcRAETPresonance (ICR), an orbitrap, a Fourier

Transform Mass Spectrometer (FTMS), a quadrupole/orthogonal acceleration -time of flight (oa-TOF),
a linear ion,tyap-time of flight (LIT-TQF). a linear ion ir IT)-0rRi q ole-i yclotron
resonancéli (ICR) L@r% ion E[)r%a[é:{l&osn %fyc gt')%n ri]is‘é\}rf\.'ae?r%é ?%%C-Qf?a%ﬁ{ﬁ%a %n%%%ﬁgﬁéaﬂx% -tlﬁe of flight
(LIT-0aTORMaNgas [#idersb Arttap @Yot Blaeis ity aalppesycrirornespiiiteUdCdi k1aim 9, wherein
Saki)d ana'Véﬂiit@Qﬁ?@iS@ﬁ;@r'%ﬁ%%%ﬁé%@@&%ﬁ@@t@pmﬂmfd‘@%ﬁ@mr@mﬂmflCR), an
orbitrap, a Fouyier Transform Spec eter (FTMS), a quadrupole/art eleration -time
ot fight (AR mEP o Bl Pl gt oo S P A (oI
quadrupoléniear gpoldtamn (d3oebive i GRyvadiopdieiosysjelsiforeres@ngacd ¢RI @R) ik linear ion

trap-off axisstims, lehbldsrahE)iTenrsky, inRasdp bl aRfLof) bitiAR Brasganalyzek- 14. A mass
spectrometer system com I’I,SII”I?Z one gr more ion sources; one or more analyzers;
TOF)),/and a linear ion Trap (LlTS—orbstrap mass analyzer.

13. The apparatus of claim 9, wherein said analyzer comprises af ieast 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-ca-TOF), and a linear

ion trap (LIT)-orbitrap mass analyzer.

14. A mass spectrometer system comprising:

one or maore 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 more analyzers,
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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 fiést jon channel %Fltrl’}] anéi afss%cgnrgs%q% r?tf r%%i iS&%Oi%% ig}a%ﬂ%ppseggtqaigl gqutable to
either coqué 18U S H5A¢ gmsplseosal NG Or ThOr& ToT SoUrCEs OF Said 6ne-or more analyzers,
and whereiisa metiericeacviiaidades aaiesiadtibore rAdchag el IBoIE dplableiiees|sh Edidple to a
single devige splaciad {rimAaid one or more ion sources or said one or more analyzers;  an

electronic controller to control an RF voltage sou&re for_applyjng RF voltages to sa&j first set of

electrodes and sait SECHRE LU EEE QA uAI bf BiIEHBYEE JBEARBYHIR Supled to said
first set of eltatres s srid ffaidssbobadstatdciecimmd seandd seboD@anditaigs,;supply coupled to said

plurality OfaDp%?éﬁﬁ}@fjB%Vé?eéﬁ%é?ﬁﬁ(%&o?%ﬂvcﬂ!ﬁlpﬁ@@w QWY RGACE EYroflagRgradients

along portions of said plurality of DC electrodes So as to provide axial forces to act on one or more
injected ioPRIGSRAPS SRS PfEIREHIBRT @AN be further manipulated along either longitudinal direction
within said first aadiaidsiesgndipplghannsiegatbssaid wibestin saidlrstisetrofietecteodesiand said
second set of electrod mpxi fl i Rhevid said fesulta ipoledop channel
being sele%ft%e%ﬁ rrcl)'rél :Cg%p?élgllr?%ﬁ‘ tﬁé&i%@ﬁ%%ﬁgégﬁk%rr? a ﬁét%za{eo%,cg%pgr o’ga[gﬁ%grupoées interlaced to

form an octifoRiyalixiPbPte 2igsdiedanterl ace Pt TN Lo de ksS40 2P OPBRIAp H8nterlaced to
produce ajRREASIEGIRS 8o BRAEEID AIgeittiRTIases WA Bhexapelertampided dengpsiteand an

octapole interlaced ign a quadrupole tg provide, for.a dodecapole, 15. The,mass spectrometer system
of claim 1&?@9&85&’%\,5 'f&?ﬁg?s%%%? &t tﬁ(r)sc}e%ngns is(?lasf %%%Gg?r%(ﬁ} S?Qta o8 ca{tr%%:ies comprises smoothly
contoured electradwtein 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 fo provide a decapole, and an octapole interlaced with a quadrupole
to provide for a dodecapole.

15. The mass spectrometer system of claim 14, wherein said first set of
electrodes and said second set of electrodes comprises smoothly contoured

electrodes.

16. The mass spectrometer system of claim 14, said first set of electrodes and

said second set of electrodes further comprises straight electrodes.
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16. The mass spectrometer system of claim 14, said first set of electrodes and said second set of
electrodes further comprises straight electrodes. 17. The mass spectrometer system of claim 14,
wherein said one or more ion sources comprises at least one ion source selected from: an

Electrosprq¥lo%atlon SourceC&ESFé}e g&oelgpt& )spray J'OK%%FO Qe %gNg}n%%%) el

Atmospheric Pressure 16niZation 86 source an electron im ac [) lonization source, a chemical
ionization YGIyeRsUEEERIFEY/El Igastisination W@@t@ﬁ%’é@%@o@ SHMERCIRRRIALdoNZRSan

Desorptm@/é%éat'egs§S%LRb)n@énéﬁw§&a@ uaﬁ%mﬁwmm Im&@imzﬁLaﬂb infreRPFicand a Matrix
Assisted Laser Des ion/lonization (I\%,% ion so rce., 18. £% assgf;l)ectrometer of claim 14,
is

wherein s i’i?%%eo @tigﬁa@/%% Qa?fl%%g?% g‘gﬁg sele d) froM“A#iof cyclotron
resonance:mﬁbﬁoabwrmdahcap(@!FeuumeTmnﬁMnmbmsmu@mmr(WM& a §uadepole/

O”hogonaéﬂﬁ&ﬁ@@“@é‘séﬂﬂﬁé&%ﬂﬂﬂn’%ﬁ%IIQI%)n qéﬁegr)l%ﬁr%@m@ of flighit- 8IS0 linear ion

trap (LIT)-orbitrap, a guadrupole-ion cyclotron resonance (ICR), an ion trap-ion cyclotron resonance
(IT-ICR), éol"%aéﬁ%n(‘hgﬁ SR asHiAfe (ﬂ"’l‘ﬁgﬂt il 'Ba’?‘@ﬁtegn&%sﬁ’ﬁegﬁ?&ﬁﬁvﬁﬁ (P MERBBitrap mass

analyzer. (Mi8LDheionassigectrometer system of claim 14, wherein said DC voltage supply
dynamically applies a monotonically increasing or decreasing voltage level along a length of said

plurality of DC electrodes. 20. The mass spectrometer system of claim 14, wherein said RF voltage
source is chhfigired foassnaeRebRMRifistiarRigst dife WhaTEIDIRRIE an8 ﬂ’ferﬁﬁﬁﬁllﬂ%l’@%?rén RF voltage

applied towﬁgﬁ@@c&n&a%ttm@wim@fm firsinaad seid:geomnd s@émfaie@t(rm}‘eﬁ 80 as to
radially conflqe said ]L%rb§’e\é\§|tﬁn}2ﬂs id f'rﬁéass Sp o?gr%ré Lic I{?_.?p%sngl u%%f@gp&th 0 %%(Fratlng a
d Set,

mass speg{romecfer having an mfc'e rlacedro comprisi |V|n ions withirf an'interlaced

set of ion gandtesdetrodiesettdt @@ﬁhé@aa?@ﬁ)ltmlmmwetr@ﬁm@élﬂﬁm (ht&%@é‘éj et of
electrodes;heipgsenfigyiedriiomadisstradRIagrN8505e L pliRRoaUIdeRIasto drsR adeppectively

defines a flrst nd a second ion chann
trap- ?On cycﬁotron resonance (ﬂ' R&% a linear ion trap-off axis-time of flight (LiT-oa-

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

19. The mass spectrometer system of claim 14, wherein said DC voltage supply
dynamically applies a monotonically increasing or decreasing voltage level along a

length of said piurality of DC electrodes.

20. The mass spectrometer system of claim 14, wherein said RF voltage source
is configured fo 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,

21. A method of operating a mass spectrometer having an interiaced 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;
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providing an RE 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; providing a DC
voltage gradient to induce DC axial forces that act on said received ions so that said received ions can

be sequentially dj Ee g Hgﬁu J!&’f@ﬁﬁ%ﬂrs%;borh gl JoF g%eeqogp I&pc% egépel path; and

configuring said | lon guide electrodes and said secon set lon guide ele es to produce
said resun%lﬁ@ﬁﬁ@dﬁﬁ)ém r@f#ﬂ@waﬁﬁei"beuﬁg%@&étﬂiff@ﬁe\aﬂgd@r& wittle Safefst et $8ith a
hexapole, @é@ﬁ%ﬁ@ﬂgwmh@terlaced to form an octupole, a pair of hexapoles interlaced to form a

dodecapole, a pair of oct rlaced t uce a he?ageca ole. aqya le |nterI ced with a
oA R el ! Sice

hexapole to proﬁ&%\” 4&c 8%? e e iafH a qu%{ Fapole to brovide for a

dodecapotecedgadr mmhbdt shitaincdvedaitDGndiageqyectiely erreigskalidadeitber efonotonically

increasingsgragaereas shRte MotRAS eye! alenssid dirshradegid seeond ion channel paths. 23. The
method of claim 21, said DC volta%[cgradlent being provided as a ynamlcaaal controllgd DC voltage

gradient along s SR AR 9 SR R S RUSh IPErA glﬂﬁﬁ%@d%aﬁ eSHEREECOFRERP2 120 urther
comprisinguiatrgliecitoian éncaidaid istétlacediset ohidtipgled®elebiiodes bairgs telproeie said

received igng, af l&‘ﬂ#bpi}w@sﬁﬂwﬁ&%ﬁ'%&fr%wg'ﬂefarbalecyaaﬂraydaga%aaeréem%ﬁsééﬁ'> a
Nanoelectrospray lonization source (NanoESI), an Atmosp heric Pressure lonization
to form an octupole, a pair of hexapo!es mteriaced 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.

22. The method of claim 21, said DC voltage gradient being provided as a
monotonically increasing or decreasing DC voltage level along said first and said

second ion channel paths.

23. The method of claim 21, said DC voltage gradient being provided as a
dynamically controlled DC voltage gradient along said first and said second ion
channel paths.

24. The method of claim 21, further comprising: coupling to an end of said
intertaced set of ion guide electrodes so as to provide said received ions, at least
one ion source selected from: an Electrospray lonization Source (ESI), a

Nanoelectrospray lonization source (NanokSl), an Atmospheric Pressure lonization
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source (API), an electron impact (El) ionization source, a chemical ionization (Cl) source, an EI/CI
combination ionization source, a Surface-Enhanced Laser Desorption/lonization (SELDI) ion source, a
Laser Desorption lonization (LDI) ion source, and a Matrix Assisted Laser Desorption/lonization

(MALDI) ion sour 5.The method of claim.24. further comprising: coupling.to.an.end, af either of said
first and sardt Ecéacg%gﬁd)na %h%%ﬁé?%é&ﬂ%?‘i %i{bc?r'@?gﬁ ss()odjl%;g ’aﬁga ﬁz%er'gae%é{gz %f%?rw(.%j ion
cyclotron gssoaancen(ICHS asoTbiraion FoniretiTrarssiores MassSSpastrdmbasicarTME SR
quadrupolgigahnganshasesieraantimsoldlighd (earbe¥r) medpaaiondraadione ebiljgBh(LIT-TOF), a
linear ion trap %Q-orbﬁag, a c%uadrua_ole-io[@ﬁcgclotro iresoqanc@ggg an ion trap-ion cyclotron
resonance P HERFINE AraI oA TP SSH-ER R e SR IR IFFUSA- Cand B ESF ion trap (LIT)-
orbitrap mass analyzer. 26. A method of operating a mass spectrometer having an interlaced ion

guide rod st, COFRrsiBgLy oﬁ%%minsdpﬂmwéﬁhm{%m@?c&a@ﬁgn@ 3l @hdoBraifls - electrodes that

are interlaced at an end to provide for a resultant multipole ion channel; wherein said first and said

second set?if ifislARe SRIErBRRAINPRIBMIE aPRLSarRl A2asEANPIdATCRIHIRG FRRYZE" providing
an RF field dicastiaftyrooniingdeasickdreaidaroaived (OOR withirogsiichfirsa dfwlseidTsacsiognion channel

paths; an cenfiguri [o/s et of ?',w'! I i ongd setofd uide
eIectrodeg\ﬁtlgsﬁ’ro%cg3 uécg(y ég%%zﬁfaﬂntss?n lj%)ti%% e ionggwgﬁﬁ%?gﬁ%g %%ﬁ%%%%m: a pgl?r 1éu%{tplrllf‘?ooles
interlaced (PfOIAT 4 AdigF6IeNtisartisehdighided midhhcineoitn 43R EekpbRIDE BRI hexapoles
integacedléqégr%@@%wﬁﬁ?@?‘{mar@ia'wr@fr@@thma,smt&sra?%@ff@épr@m@ma P@@@mpl | ale, z?]
guadrupole.interlaced with a hexapole rovide 0 an, octapole interla ith a
ol T B LR B T o5t G OB S IRl S EE oroviing a
DC voltagergitaeiemess intkiyeeDC 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.

26. A method of operating a mass spectrometer having an interlaced ion guide
rod set, comprising:

receiving ions within a first and a second set of ion guide electrodes that are
interlaced at an end to provide for a resultant multipole ion channel; wherein said
first and said second set of ion guide electrodes further define a first and a second
ion channei path;

providing an RF field to radially confine desired said received ions within said
first and said second ion channel paths; and

configuring said first set of ion guide electrodes and said second set of ion
guide electrodes 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 hexadecapole, a quadrupole interlaced with a
hexapole to provide a decapole, and an octapole interlaced with a quadrupole to
provide for a dodecapole.

27. The method of claim 286, 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.
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28. The method of claim 27, wherein said DC voltage gradient comprises a monotonically increasing
or decreasing said DC voltage level along said first and said second ion channel paths. 29. The
method of claim 27, wherein said DC voltage gradient comprises a dynamically controlled said DC

voltage gragjent glong spleIs Bafhaid segnaignanenag patlse dadif ashgriabelaim 26
urther comprising: coupling to an end of said resultant multipole 10n channel, at least one analyzer
selected froancdenionliyytloieaR nesen dececasing, widoRfitripitacedenel FeimRilh faksaShectrometer

(FTMS), asgipskupaiearsnagnspbageeleration -time of flight (oa-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-oa-TOF), and a linear ion trap
(LIT)-orbitra® madsanatimet. o8 kidie raéthobiesbilabaiB® unhbage raraEan: conplingstc®an end of

either saidyfjrsi-ardigaidmrarrdion eenprhpahiadileariRedRsoving saleceebansman

Electrospray lonization Source (ESI), a Nanoelectrospray lonization source (NanoESI), an
AtmosphefitePReL8aHEstonization source (API), an electron impact (El) 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 lonization (LDI) ion source, and a Matrix

Assisted Laser Desorption/lonization (MALDI) ion source, , _
30. The method of claim 26, further comprising: coupling to an end of said

resultant multipole ion channel, 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 (oa-TOF), a linear ion trap-time of
flight (LIT-TOF), a linear ion trap (LIiT)-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.

31. The method of claim 30, 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 lonization Source (ES!), a Nanoelectrospray lonization source
(NanoESI), an Atmospheric Pressure lonization source (AP!), an electron impact (El)
ionization source, a chemical ionization (Cl) source, an EI/Cl combination ionization
source, a Surface-Enhanced Laser Desorption/lonization (SELDI) ion source, a
Laser Desorption lonization (LDI) ion source, and a Matrix Assisted Laser
Desorption/lonization (MALDI} ion source.
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