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[0001] This application clains the benefit of

T ERINE BTy EASRNAERAVE 8Ss WEPEARE oscrLaTvg

"Confining PositiVEIFCTIREGPOTENTDAES W t h Fast

Gscillation Electric Potentials,” which is

i ncorporated herein by reference in its entirety.
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sanple particles can be "ionized with a variety o?
entirdtechni ques that use, for exanple, chem cal reactions,

el ectrostatic forces, |aser beans, electron beans or

other particle beans. The ions are transported to one

or nore mass anal yzer sghlistGREAAYPt € t he i ons based on

their mass-to-charge ratios. The separation can be
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according to their path or trajectory stability in a
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fieldsas SR cypodditiils, 8Na 8xhbinhiordefhitetic €BRLS AR eiebtridtpotdhtials. For
the ions are confined_ in radial directions b%)/q a 2D
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[0005] eglt ? 325’? % 'ﬁ,elggetaﬁzb n?ultrlgcﬂe agsC ct:arnolgc Icide? rrnu t}po?er electrode

assemblies, such as quadrupole, hexapole, octapole or greater electrode assemblies that

include four, six, eight or more rod electrodes, respectively. The rod electrodes are arranged
in the assembly about an axis to define a channel in which the ions are confined in radial
directions by a 2D multipole potential that is generated by applying radio frequency (“RF”)
voltages to the rod electrodes. The ions are traditionally confined axially, in the direction of

the channel’s axis, by DC biases applied to the rod electrodes or other electrodes such as
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el ectrodes in the trap. In a portion of the channel
wdebosmedoby the rod el ectrodes, the DC bi asesPCas2005/001846

generate eIectrostatlc potentlals that axially confine
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prodyce Y5el ectrons are captured by multiply
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mass-to-charge ratio is one hundred thousand to one
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|
more 3 BEle RAREL) a4 8 R HAEARATER Lo prpmedi
multip&Q @R} if Aiditicdal magestie eldynse hisedao ep thededrons op e Mg@ﬂ@x of
product jons in 3D quadrupole traps, where an
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onfin l
000571 RT3 GBI R RGPl 3 gl
traps,tvohgue e bebillaing 8D quadnifiohepatential 2an simultaneously conﬁne positive and

negative ions in a central volume, and no electrostatic potentials are required to provide axial

confinement.
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two- di nensi onal (2D) nultipole ion trap or ion guide
woOheais/odehines an internal volune, ions are cORETSN0BY01846

oscillating electric potentials in both radial and

axial directions. In g§_ ﬁb{?‘ one aspect, the

i nvention provides techniques Tor trapping or guiding

[0010] ONS. @ A%wadememidrat@Bdniltipeledsn irapot ioaRguile thatdefines an
guide. The ion trap or igon guide  includes a first set

mterngk valhneiPatRs camine RsSHANEB Flegicaolfial du dotirypdial and axial
ol BN R 5RLR iy PR O1ER B0 A0 Rl
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eSS ] AP AR RS P L P B B, nd

peno&@%ﬁd eEafet p?ﬁl:@fo 41800 RPN tBE 5B S@bleNelrbdl t638ndkte a second
nor e o | owm ng features, The appllcatlon of

oscillgarg ed@ntnc p@ﬂenta@g dlaat p@nfim thq iogs ingihd igedwheelde pileatt a second
dime el ectrodes can provide ion confinenment in three
“¥iMensi ons. The first oscillating electric potenti al

[0011an coOmPFattitRldr h@pleiataticAgicaml ihyludd bite GranomRodS the followmg features.
electri cgot ential can confine the igns axially

The applicgiion pHpEEdin IS o the fiEt apd pesand setant %lé‘ﬁ’fﬂdle% ean provide ion
COI’Iﬂl‘F&JrI]l? g‘fﬁreead?gleﬂﬁgrf‘s el scﬁ’lgﬁngEl%%ﬂtpo{eﬁu&locfmenﬁne the ions

ucing 1ons can include I ntroducing positive
radiallyo nEheasedombgadtnmte:rmaScaﬂmmﬁnh thel ioms 4xial}y. 6Fhe finst gyuli sdeond sets

The_ion tra i on can.include a first end and ;
of cleginacies GHRICUBFILEHTETE FBUCRYS Fdehane egest omgHe. dafoducing

jons AR 1ﬁdi‘l§(fquff8ﬁgm%p6shﬁle 1bﬁ§4nd%gatﬁ%qoﬁ§"ﬁtosﬁd6 P &86h jon guide.

respecti vel elon trap of 1on guide can iInclude
The i¢ngapor mnrgeldsean urw‘hsi.e adfirdt @deandra seoorel 4G, iditbe positive el

negat%réglg}{sgc%n- gﬁn o ua% %tgﬁ%gﬁs? lﬁiar%dn e%%éoo 2 g,frgép%{e;“ve(iy The ion trap

or 1on?\§k§’et éa\.fﬁnclb@@ﬁvd St o Rectns Midrelor Rrd D KigieRR8n be applied to
ppl yi periodic voltages to electrodes in the first

one oxsreatoremf ¢ sestippeiesthe ion rgrcoriae suids ity ponfingdhe prfiteve or the negative
Vol t a
ons 10 2354y eS| LSNBREen R APBLY Mgy i
set of%ﬂd%ﬁrbdésdﬁﬁ isdindd applyisiepaiydio volthgpewithdifirst ﬂf@ﬂublacge and applying
with a second frequency that is different fr
penodlp veltages sqyeleriEgres Thibe spoad sghpf electioderraning wﬁﬁqp@gﬂ% Beyiodic
Voltagég\()ﬁtlﬁa G%E)IIICF frfe@?e'hc%ﬁl ngg?fgﬁe%ﬂteﬁé}ﬁ?fge?ﬁgﬂg%%oﬁgTﬂe first and

seconﬂ rfﬁequamesemn Ihav&ea eatiodhatas afous b irttegenoumbbreorfa natio ofimdeger
oscill ati el ectric potentjials can hav
nrnbgiey ADE St FOpSFICa TRABEIAS 6 R EON b B 90 I dfst g second
osc111 geelé'criné‘ bidn®dls EWARE Q¥iferandphtng dﬁétﬂilﬁftloﬁ§ CThd @i dAfnnel can
ectric potential can define substantially zero

have ai &ds of synﬁmetlryj and thet firsteessillating clechmmotﬁntmh@nakﬁse elﬂbstantlally

zero ki o ot kot BEUBERR i giof shedl A AL

Osclllﬁﬂl@ éle&fic f)r n$£T8n defd slu@ﬁtaﬁtﬁallyhﬁ)n%t&el@étnb ifield Gthe same
channel he first oscillating ?otentlal can | ncl ude
portloalrpf(jlgq;axlqs af thadon channel. The first osci lating potential can include an oscillating

quadrupole, hexapole or larger multipole potential. The second oscillating potential can



quadr upol e, hexapole or larger multipole potential.

The second oscillating potential can 3 WO 2005/ 074004
wWeOeCHsW3a005/ 001846 include an oscillating | ocatTaiSpmEe01846

potential. The first and second oscillating electric

inctud g 650U 88 1AL PP AR bt e it Pt iERE Blecuc
potentﬁféccgn 11Bgte £p8NAGHotEMR BRfchlephriioditiapatadtichalgs of the mtroduced

fies a corresponding potential barrier alon g
fons suichithat asine the Tnctlpserdopeienils BpesEios SeresroEmandings] barrier

along tg:’ﬁ gcé}a% %1 fé%)ﬁ ?‘&ﬂ%%ﬁ%eﬁe%ﬂ%ﬁ%srcgﬁql‘?clﬁ@fé)?ﬂ:dﬁﬁf o?{od e ectrodes
The seB&HH Lf o£aBctidiel baiLinohde a@lurﬁllttye)f Dd)(héleotr(mes hedisr can 1nclude one
el ectrodes. The second set_ of Iectrodes ca

I |ngju%ﬁ a.
or mork phase iopl lemseelpsrpdes. e Rlae rend sebabelggirade pansine frstpige ton
ign ¢h I I t
tens iz gEAPARE: RE PR honEE AR BN TG 16 R PR ®

samn&ﬁmﬂ&mmeﬁmuﬁmﬁndthe i nvention provides an appar at us.

The par atus includes a {1I r st ts.et anﬂxg1 a secon%% eﬂbe
[0012]of el geaar@é 13 AP tRCTASREL- G BV CNRGRPIPVIAST At ARPAr iyt
apparal tlﬁclﬁ{iesei £t ERIRS 2 ¥ BnALEVTIRArbGesHRaNBnBHI14:0The first and
to trap or guide ions. The controller is
second:@m‘ a»fgﬂlescm@desaara yap’aygqsieto |d©ﬁh|1&:anﬂ@nt0hg§s31 tootran eicguidsiiess.i hbe

contro grgﬁ Har é& %1 app X]it)%hl%ﬁlicte ol Eag%ﬁ to e&e&frgdees 1%?1?4 f’nssp sét aIulj fitsecond

set to Qblikh Qtﬂrﬁ%sﬁhlﬁﬁg &l6ctR@beRhtiflland aWwbemd dScﬂllh’@ng tlestic @Bténtlal
second oscillating electric potentials have differ

wheretythe fizdt aud seaon 0sqibaing edesdricRnientipds h%Yﬁéilﬁfﬁeletrﬁ@aﬁl%irﬁhstﬂbutlons
nnel . r adi vel
B
[0013]TOr € OPartib@laf ﬁh}ilaweﬂi’t@tuﬁrsahm iredude ohlb@r cwnt bihie efollmng features.

configured to confine S|nult neousl| ositive and
The cansighler ¢a8 hegioafigpred fie confps sun HIRGPUSLE,POR Y Fiegpir g igns in the

ion chgﬁ(ﬂe? b St i Qa[ﬂﬁ axigf 8ir&i3hE. OThELorEdNeP&nBIoh e gﬁl@@ td &boply

perio |c voltages to electrodes in the
penod&e&olfafgeﬁio&céotmdasmwm firsasdtiof stectrodey weﬂtqﬁrsaﬁdqm@cy, and to

electrodes in th t of Iectrod
cecirale hBoFFEUISRES) AAFFESPEV IR PGB RS PGyt from the
first ﬁfeglféiw? N§Ye fifd %n(fl kdcohd #RFucHBRe Bsh h4RAQNE Hies 1s£3z€b@uhﬁvmte’ger
hat 1s about an integer nunber or a ratio

of
numbérmiregetio nfimbezes numbers.f The firsg @qt ob Flegiredss cad insludg plurahty of rod

electrg?es.eif’ge $969 lg gétsoé:;? %éﬁg%eﬁ&%rq Inc ‘f Ct rl&r?a? ?fTJAS gfe%&Q@% ot ohe or
more @lﬁﬁquﬁ IR I Rirodie The seéﬁhﬂ%etmfa:ﬂ&trbdéb dagriscledet firsogiage ion lens

e second set of electrodes can_include a firs(}l![%l | at e
electroderat Iaé'nrst end| o ¢her igr ehanneharid; & spcorchplatsrion fras ielshtre ﬁﬁeﬁecond

d ﬁt?’ sl}ecorid plate ion lens electrode at a second end
end ofipe joAhaghel hannel . [0014] The invention can be

[0014] "P! ememt eehBopeavbadienplemened togrevidé oneher thotel afithefpllowing
advant ages. Positive and ngatlve i 0 q@p ﬁé 1 vol
advansigau Pesien mIdyncapiife iABHCANPeSHIIHANSPIRLY CoRjfiFfdn apputernal volume

or tra;g) %Peg da?ﬂl'e@ %?, g%fc{rg stﬁ%tlﬁéseeﬁﬁiragﬁﬁnﬁéd' éﬁﬁl@ﬂ @8ltaged in a 2D

cl"a tages in a 2D nultipole ion
multipdléfon tBxpe Dwe fbhhe smunlthmme oordfinsoreht methe pame¢ violtie, Brafwct ions
vol une, . product .i ons

can bg gensraied )()],pgl-lor'tﬁ%te@glqﬂﬂ hﬁgpgm}lgwote 2R ?%g San Pr%%substantlally
more &%ﬁﬁl?ﬁtthlﬁlyl t§ one hundred fold more) positive and negative ions than a 3D

quadrupole trap. Thus, the 2D multipole trap can provide more product ions for a later

analysis, which can be performed with larger signal-to-noise ratios, and low abundance
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nore (typically, thirty to one hundred fold nore)
positive and negative ions than a 3D quadrupole trap.

wohos/074d0e 2D mul tipole trap can provide nore PCDASEI05/001846
ions for a later analysis, which can be performad

ool s 5850 b o808 s 0 it NG ey

1ntrodﬂlac§ﬁntﬁezm sl Rslion th tRaSintd ¥ ED&}ilddﬂil?@l@ttta‘pe Fo® Bﬁarﬁyﬂﬁ, the
be nore conveniently introduced in a . 2D nmultipaole ion

posiive i etche Wit 00 el et PRgLlFdale e #pf Eho negalive ions
can bcgﬁ Boh! Veﬁ&'(t) tﬁe%nenﬁegl Fh[)ﬁﬁzé:g)&s \fi;ﬁen l?élolﬁrse&[}gorqg%saaﬂd' 1€ Agative

ions cafibé @éﬂtgeﬁdo@st thbihﬁajbtridabe ﬁmdge tfamsfep oot froa thopeca@or ibas.
precursor ions and the negative _.ions can be reagent
Altemaélﬁgl}’t hapopitiye iong gar be Ff&ggg ignse i NGE3LIYF 1005 G Perecursor
ot
ons. DURFUESEN, hABRe AR RIORY Pl RIS, LRSI B0 o
more pRIens, ﬁbmaha ptacmsblyl,onn é‘glpat:harge tremjeman iredvse mengultiple charge of the

abstract charge cies i ca
precuf3pp By Aot EFE JHBL DL LI TrEToTie® O v es £ FaRgpRiption of the
precufi®PidnC Hdf gre%uﬂ%f {onP E&‘ch‘%ﬁ %‘h@ﬁ)h@f)eﬁtfdl@ 101’(?5r 8eWhae tha@Bfer reaction
invert the charge polarit recursor ion, or
may predpitae &agmalqmym ﬁltat @sultsfmtpneiucblpe @mo;t,]@rthat@me mpgg informative

v 1 5553000 B8F S A B RIIARIRS IR CRP b SRcfe

transtEESBY iRlub O frRg@emelion SsimPRhafetrb@iction of 16k @ther than the precursor
informative than the product ion spectra of the sane

ions, ssb ek &egpeoiationer vhamp redpstion o dhe rsadiet dngryeduced Ay grigr charge
G t

el B P Tt

precufsod e ﬁh@fdagéhtdbnﬁiﬁn@&ppeﬁitm groof difardetvan foe dcdpped indhs same

produced by prior_ charge transf actio :
voluq baFaciaStARdar by % YUREPEFiligR RERY Si5eriA wﬁa}% Pipout large

magnBSSRARL.YA sggr% & ﬁ Ear tQP SR i AIBAYSEB rdc@RSr ¥ 1aRg reagent ions in

opposite si arge can be trapped in the sane
separate segmeenbodrtd mdwbeﬂirigmemtutomlataﬂ H)}yalbywmg Sepeepusirtiowrandfthe
RF electric potentials, with

reageR igPtG 1AL HERCUES Foeell Of TR B HoRrERAPT Pesipg faterction

the pﬂ@&?r%%r 1§19§ or! tﬁé‘ ?ea@é}ﬁ 62388 be mafiBulaled if SRAIPhRtSREARAL Sising
nd 1 nduce %rrentatlonlater by allow ng the

convqmutlenairrm@hodsom andeleeting the prpewsor grisagest jons by geteblished methods

i oS 98 35 e BESTER eaBEL S, ! AULPR A e

posmk”f@)incbﬁegiﬁﬂé Riﬂl' Ripathtivhs. t Ihe, daped] athersagior populatsomgcludes positive
conventi onal methods, such as_sel ecting the precurs

ions, pegativaipasr beisans thedensisre wrisdly serrrdsdy dectrie felse dgfned by a
pnmarg %?eélltlgp a sg&ﬁc]lgﬁi Iﬁ{:&i@@)o%’c ﬁltnééﬂgt%ﬁ{}ée‘[ﬂe@t?% fleld&nLY
selectd@bylt@ifineidns dﬂ’thﬁp@}hﬂattml in Weeaxéal alrrectmm cpfcthmblainne]rbased on the

i ncl udes 03|t|ve Clons etﬂgtlve 1.Qns of goth 1
mass eGSR0 LGP HE 41 epe@&ﬁ? piagsigy o&fedep s Chge d: {5 axio
conﬁg&?%txérfﬂ eth BYudd R% 'We%r aféqhﬁrgah Bk opéhed®i QNHad X) ﬁﬁ)w or block

ctric potential can define el ectrlc fields t

the psezi@odfumsl iy tleoaxfialnkrectoors Afialk doafiperperitann ba prwdddéoy an electric

di t ft b
poterBAL S BFIEEHoR B SOy o BUREEHEPFd (IS S PP dgodes. Tn
an asée%bl? WitRaHer midy §x1aﬁ§%‘gﬁients cB fid3QAE BE agidlly Benfiusedtbydpplying

a valve or a gate that can be opened or closed to
differaht combination@f RF voltages to multipole rods in different segments of the assembly.

One or more of the segments of the assembly, can be implemented by separate 2D multipole



the passage of ions in the axial direction. Axial
confinenent can be provided by an electric potenti al

woOheds/rsogener at ed by secondary RF vol t ages appCras2106/001846
|l ens end plate electrodes. In an assenbly with two or

nore axLal segnents, the.io . xi al | '
taps. g ARG P AR EC TR TaPor G georg i £ SR b
auxilidfy Li-bPstes 1661 drbuidi hdjaseanbr BEgreahshehultip]essaiiuydes of the

e or nore of the segnents of the assenbly, can be
multip'glq:i/bla ient g%agyiz iﬁw i eappraisedily¥lapted tootmyomss agigmeters,
I [ . 3 n

aftr pEORRE SR By 0B oo P A ke e AR SRR e TR Rk can b
easily Bdpotad Yor@heg ki @6l eiFferat atassdarmi yrarsglsuchdis MR FTER; ar different

between the nmultipole rod el ectrodes of the ., nmultipgole
RF ior} igap mesgspeaeaneies. ([hHein-1PB AXRURHRIISEAR Yse 207G Taga 5 ed
. to .oth r s, -after performng ion-ion
mStruIP%rg%’tnlogLusg%%éru?&ngﬁ{’lgq%&%é linear i gn traps, gt he
[0015pPr oducThé dtsilcaffonber neas empodimantsed thesidvérsronaameabs) $orh in the

to different S nal.yzers, su as TOF,. FTICR .or
wcconiory ey Ui FRat R SRR aleris CTHEE B vers
“inclull®NdORoSRRE A ik @R opSRericseifse!- AR §s, @ indicate that the

Instrunents, not just 3D quadrupole ion traps. [OOlSl
“includé® @étampssedl sobjectanatien ise parberdiommensntaif atlpger aggregate or

i nventio re.set forth.i.n the j j
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group $hO%erms '"i6ht IR enRPY and WIBK ! 9 usad & daeie pditsaif an apparatus, such

open-ended sense - that is, to indicate that the X
as a muitipolaigadrap or eqeivaipr| thergof, ushematisiliusiations vythoy partjgular

co nen a..l : WM h
rofere§igp ot o e BL e B SHRL fuBfory SRANP phiiiSaboe syt as
when E%%p?%ﬁﬁ Gain®eied orgoaial. (ther featuns ahfl mdvdritage$ o€titegnvention will
: and "back," are used to denote paéts f. an apparat us,
becomp apparegtiramithe dessgpaon. dhe rrumes LG daMEnt ¢ her eof

in schematic illustrations w thout particular

reference to the actual |ocations of the p\z;;ﬁtes of the

appar at us i BREDY DESCRIREIGN Qe THHUDRAWIN§en t he

apparatus is inyerted,or ratated. Oher featur n
[0016},qvant § bésl 52 Stcﬁ%mf‘%@ﬁgriaﬁlrfhﬂﬁq%ng BRRBARS g?{ﬁ% Sg %’Pé L“fnr! By
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accorﬁgggéﬁpeﬁ%\l & THE DRAW NGS [001&% FIG 1is a ,
[0017% c he maFIGS i AxgDaare isthematic didgrmmsidiyatrafingaxiad copfiegnent of ions

... SpeclLronetr. ccording to one aspect of the
with ‘?SE\?]@H% %?mkéﬁﬁ%fl‘%ﬁ GS. 2A-2D are schematic diagrans
[0018] | | USt IF8G] NG AechahaeONbw deiPedh ilbfstratinsa nisttod for mass

oscillating electric potentials. [0018] FIG 3 is a
spectoptstyretadingdoone apearalithe WIEHION ng a net hod for nass

onsf gL PR P ok BREnFARS ol ket Q1AL i
reacti@ngT®t hod for inducing ion-ion reactions. [0020] FIGS.
[OOZO?A- °F %rIgS .SSCAh-%rIEaatrcle gch%ll‘n% 12 Etsgralnllsl iﬂﬁgt{a%tnlg%g e?(gmg a%;‘rp lary
implementation of inducing ion-ion reactions in a multipole trap.

[0021] FIG. 6 is a schematic diagram illustrating an alternative embodiment of
apparatus to induce ion-ion interactions.

[0022] FIG. 7 is a schematic diagram illustrating yet another alternative embodiment

of apparatus to induce ion-ion interactions.



i npl ementation of inducing ion-ion reactions in a
multipole trap. [0021] FIG 6 is a schematic di agram

woOkbosgrsme i ng an al ternative enbodi ment of apparasH®s/001846
to induce ion-ion interactions. [0022] FIG 7 is a

erbodi ment  of apdiRaTLEBPESERTbTAGN o, ° oY
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Al LED DES _ il'lustrates a mass
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ion supPHEETRO ark 8130 $njpftd Bito 3R yeNkIpdleidn itdpd 20 hahe 2Dahulipole ion

reagent ions. The ions generated by the reagent ion
trap 130 gfinesra chaunel e whchdhe Ryeseisekionn Rl e cagentigns pagdreeconfined
r . . . .
ot L 2 T R B RO o R0 es
are appbiné tecdififebent electkodes dn tHeadintramdi2@by theawodtrabtérdldly by

oscillating electric tenti.al.s.generated b eri.odic
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precursor ion supplier 110 includes one or nore
ion trgrséeroptios 1150t siwertbe gerferdted taps dronrethatpeeqursot inmswurdesds2 to the

. fr | e nol ecul.es, su as | arge biol ogi cal oy
fon rgg AL PR Sopee e en ol g RS srla ¥iPh s s
therm@8HaY BreshtioN el 86 184ce o tion, Eien%i6alli&isatiohlortady other
the "ion trap 120. Precursor ions can be generated .
technigati fie) seleeate PrPSPISeR/ 0N n TPl sQrips) cap bernositivs ppagative ions and
L.oni i [ I r L.PL.] .
can LU0 PRy} g, Bl e AERRE IR muliply chargd
ions fgh ¢rgé Molcaley fisd haveomsltiplnienizelle yitaor i ons can be
ositive or negative jons ang]decan have singl e, or

[00254y| ¢ i pITheatrgeneion supplice A HcaIdeEane PrIpprTTRRRES! IPsqrces 132 to
sone Bl B3 B8 8 LA AR e 4 b
generstep porisefror 8@ reagentib@sourves 632 twohe iangeapel20. iléponsoteraséien, the

132 to eperate reagent. ions from sanpl e, nmol ecul es
reageghigns BAY TG PUATeH RIS HOM tHegopgRbions o beiinarsghas the
precu.fls‘%g fork lceRRrh13E bY %l?é?[?r@&uris&ﬂce)ﬁ ouppties1 B 2rkedreh it iR chif Afluce

Upon intefaction, the reéagent ions may induce _
protox ransfer arredevirbe trahsfentotdrdrong hgamecurrson sonso For hesitivepprecursor lons,

such.as the ecursar .j enerated b he, precur
e xehiiel i s Bt e Bkl R EHB - Ellmstulsd R B RED o
SFs. ForisphiVe Plec@b@GbAS) fhd reassit &¥ns n BE pddidwre ibhs spEea X & ions.
ions. For positive precursor ions, the reagent ions
The chaige phthepaeticatar sepgentdens e depeid on the precursor ions and/or parameters
ofthe%ﬁftﬂa or odi net hyl cycl ohexane (PDCH) or SF6. For
negatt ve precursor ions, the reagent ions can be
[0026)OSi t i \Fer ipositive precitrs@Sions gareagans ion sources 132 generate negative

reagent ions using chemical ionization, ESI, thermospray, particle bombardment, field,
plasma or laser desorption. For example in chemical ionization, negative reagent ions are
generated by associative or dissociative processes in a chemical plasma that includes neutral,

positively and negatively charged particles, such as ions or electrons. In the chemical



The choice of the particular reagent ions can depend

on the precursor ions and/or paraneters of the ion
woOne/07400026] For positive precursor ions, thePCEAGINE/001846

ion sources 132 generate negatrve reagent i ons using

plasmsg%ae[%g%%/h Qc't%;%é 'p]gtg’be %?é\ edh) Q@{ :)fpd ne%ative jon.
The nEe#RB i¢h iRy B8SIAbEr nie@rﬂa&&tdnofnto pﬁgaéu ivgs theeigenitie hegusive ions.
are generated by associative or_ dissociative

The negatiye sepgent ianscaiheraxgagted Faanhe chemicalplpgpr dorfamplg, by
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reagemtGdnsUBPOShEGEEdquep) Bemaxanipbaypesitivegyr edgative oins camlye Hanerated
captured by neutral part | es tg Eﬁanra negative ion.
by selwt@mrtiglat arpEopTEHe Kelags and fhedise o6 FStay fragment into
[0027P" O9UC b OPrAdRl: bR 11390988 chatErdr DS ions BRRARAMY S
gent '1ons can be extracted fromthe chem cal
precurrsbﬁﬁ)moutfces 1 Examipthe reaggnt setirees 3% trespedivielys kalthe nitipole ion trap

120, Tl B TS0 BL L0 SB0ERL b SR O €8l

such dsQfuad HR'O@ ocﬁ9§1'etrbd/ £ssObl&As cbiend BB $rafisfdrtdd ions radially in a
generate by selection of the appropriate voltage and

channtah e’thestenmanEer transpo ] betesn; differentiod fassentiies by intarsmukigole

t.ra t the r t
cnse RS AL BEL AR 2L S Bl=d EraBpSE el 00
negathv@ iddzr v bl b Withpdriiear rhidges of Mgask-0nchidra@sifies. The ion
optics 115 or 135 can include one_or nore 2D nultipole

transferoeptigs 4 &yvpr | Escansnelndalenssalgn dpuics, Blates oF &tsite apesderate or

f |
deceleggt%gﬁ%tﬁ%lgsﬁe}t%h@ﬁgoggﬁ%%ﬂ?b%g{@r‘l“}gﬁ%{psgr?t 2 &Qﬁﬁﬂr (ﬁ‘dlﬁ da¥ itdlude ion
traps fdﬂélfnpbl%ﬁly stord ths semdpbitediohy. i nt er - rruI t| pol e I enses

10028] o r S GRACBRIF PTHEA AVECBHCS T BUADE e 2] f i pate Lo

128 aﬁd?t)&e%r rh%g;e Selfidrl? bRAYdeh @1&& Rhses 2RY8RA @tg nﬁtstﬁe tRpleRdh@8on shown

rati os. Ion transfer optics 115 or 135 can
in FI1G.rig thsﬂden trap 428 jndlwies & drontsestiopl 23, easceoter septiontldS and a back

. at.e rat t t rted S.
oI55 TPl LR B s AL S B8 g rovspored by
the ioh R@h#E€optRB 115 'fﬁ%ﬁﬁth% récﬁfEBPfo@fdohﬁbeﬂ P2, @nd € back lens 128 defines
transported ions. [0028] The nultipole ion trap 120

a bacl apsirtde §2%tofreenive b dans tragppprted by the ivadrangien pptigsdasg from the

reagelitﬁan indcg n]ﬁi ﬁié'tnﬁhg hé%éért o%? %?Telbh\%ea%ﬁ 1t29 ?HJEF%? %?:otlt%%)ondmg 2D

multipfl@ rdd BBerdBY, suehlabdeBadrupslonsd %ahbl@'rindlﬁ&ng dowreuhémupole rod
section 125 and a back section 127. The front |.ens

electrades. diaph Abtheanyltipele refhesserpliests operable s emfmenens ip ghlgast one
dtmeﬁsfoqlniﬁ%or!htaﬁtgel latfouttaH%xiSQ?i%ffﬁ%ﬁt frlra gﬁ% E1 tI:i-r%sEbhfaﬁl?éT‘ {oR€can be

cursor i on sources ens 12
radtalﬂ;&iﬂdl%ally@cohﬁﬁkd Aperetou neord ﬁﬂthb(secrteme 193, 1[2|5e 12’blmysoscﬂlat1ng
transported the io

0

clectriogmyEne SR ke YAKE-RaaNIeg o RifangBbieans Sepodes sad the

lenseH #%1]7128 H&ﬂi%ﬁ tBpd0h! ESRRRGIRG n%Plen{BﬂHtl'oHQlo%e BPﬁtore of the
asse y, Suc g quadr upol e rod assenbly ‘i ncl udi ng

sectiohe 123 otaédmd par ean bdlmrﬂbracntcd.)ute sepaat@ RDaén traes. nnlthd pol e
1mple%$egta ion %eplcteg iﬁguregJ F 1rst se‘t 9r 8¢t cfgse (vlvl%gﬁ rrltar}]r igéluéeeggéﬁodes
corresponding to one or more from the front section 123, center section 125 and back section
127) is operable to confine ions in at least a first dimension in the ion channel, to trap or

guide the introduced ions. In this particular case, the first set of electrodes is utilized to



di mension in a channel about an axis 124 of the ion

trap 120. In this channel, ions can be radially and
weaxi@ioryooeonfi ned in one or nore of the secti oRETARR05/001846

125, 127 by oscillating electric potentials generated

. .by the yol.tages appljed th Ltipale rod . .
T A L
of rod %Eegtroél&. ah\ s it deV/ 6f dl8TloBBERHEEH MBS indMtR déctidabLcodfesponding

the sections 123, 125 and 127 can be jinplenmented by
to the frepidliens B2 2and tha backalens 138) i onerableds combne sausan aiepit éseepnd
. __i.n_Figure a first.set. C ' C s
e 50 B P B Rl S B MO B i ticed
to axidiyohfif¥theS664 inGhe loAThameit Elhe seeohd s of 2kcodesian knclude a

Séction 127) is operable to canfine ions i n_at | east
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electrcc?:t%% }I&& 1818 GO HARE 1N S u RN vhiRE i bEdiBleRAE YOIERSs). For example

esponding to the front lens 121 and the back |ens
the firdt28) of decpdeatinentiode o phiraléy o6 plsctreres frone thstfrant sestiond 23,

comer ety Dt Sy A2 AT s i By BREHLGYSRS G
pluralﬁf Bf LiB&rddas floRheiffont BRtibAMT Al helk sediltd BXIC aMié cdatrolddr 140
e

ectrodes can include a | urali ti of rod el ectrodes_ . .
appliesn correspondimgrset fRF poliages 1dh 1@ aad &f tiamplipsle rod apggmblies in

i .l n i on.~-the fi.r ! f . .
v sSSP A A AR RIRER 20 ol oenic
that cSHRNSHNFadidl difRtighs inMhd dlasnglabbitaht axis @24npl endt he

first set and the second set of el ect odfs are
implogienfesiex.dhe aniraier L4 CARPISHBIITRRY 354 6f RENoliages 10 cach of the rod

| 1 ' fes with two pairs of
s TLSTRELERE0 174,195 4t E1, 00 ASOBORRISaEs o ol
oppostigtiods]ithé primaty seobf RB esltagefoan xhidp ldirsitRie véliagstfosthe first pair

of el ectrodes can_jncl.ude a ural i of el ectrodes.
of opRasEE TP ap gﬁ@co§1§, &_Fln Y)cﬂtag% gf’lth%%mer é:{.’eﬂ}lg}?yfﬁg OBB%Slte phase

it | e 889 ARENSREHN the@intoflel] #Cdah QPES KR Voltages
for th?%%léﬂggﬁgbpg?ﬁhlgirt y of elect %des fr Qmet he fr ogtﬁsf o 5
143, 186 anil d47 1t diffdrebtfkqusecies orpheses, to ThHatipelaredbassembliesgn different
.agg%&Fs a correspondi ng set of RF voltages 143, 145

sectiog %3} B2l ti pol e rod assenblies in the sections
. 0020323, 12heaBAkrdiRf 140 8EPRES bty RF viotagéxeilaind 148 to the front lens

oscillating 2D nultipole potentials _ that confine ions
121 anchtheddrklendilP&oespsatvalyy TheRENakuss 14band 1¢heanshavs ditferent

124. I n,one. inpl ' I
s kB0 08 B FSPUIs Aoy RO 08 ey Lo nd 7
appliddad theweR N ies imthefons aetibo®33 4@Bthe B28 sentidn 123, refmotively.
- F&gadrupole assenblies wth two pajls
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of sin
dtagen kbt adniSyapghied torthefrontdens, the ggf@‘l 8’6%% generate

infe® Bt bikfincHosRAR AR AGediREons in th
oscﬂlél{;]r{ %echg%éﬁﬂgﬁ@?%}%ﬁ%agg%ﬁ&{t?ﬁ%ﬂg@gah%eq%g fr equen%_y an dnS lrf °
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or phases to nmultipole rod assenblies in different

" sections of the ion trap.

[0030] The controller 140 can apply different DC biases 151-158 to the lenses 121

and 128 and the rod assemblies in different sections of the ion trap 120. Depending on the



[0029] The controller 140 can al so apply RF voltages

141 and 148 to the front lens 121 and the back | ens
wa28)s/mewpecti vel y. The RF voltages 141 and 148CTA82005/001846

have different frequencies or phases fromthe
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confining positive ions 210 and negative ions
[00333i rul t dedersleps P20 eecoivesdiiF vpjieges fwoehtherl?dfbveltagsﬁoeﬁ@ 245to
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voltages with a first frequency and the ion lens 220 receives RF voltages with a second
frequency. In one implementation, the first frequency and the second frequency are related to
each other by a rational number. For example, the first frequency is substantially an integer

multiple or an integer fraction of the second frequency. Alternatively, the first frequency can

10



[0033] The ion lens 220 receives RF voltages fromthe
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portions 266. In the first trajectory
oscﬂlpmﬁSi abnut26@nter kerresposding veamavoyageroedtion of the ipp daring a few

osolllatlonsn tIlh?sI cenper morv%éj {n%lrelz éﬁowly and smoothly than the ion itself, as

schematically illustrated by a center trajectory 268 in FIG. 2B.
[0038] The center trajectory 268 can be determined using an adiabatic approximation

-- a detailed description of the approximation (including limits of its applicability) can be
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confines the ions close to the axis 234, where the
mul ti pole potential defines substantially zero

weherstorso4f i el ds. Thus al ong the axis 234, thePCONS2008/901846
nove axially with a substantially wuniform speed and

a ach the r e . .
found 3pBleRERPetn By RR el Skl PP B R Pipsiet it stow
ions” by Bli&et Géick GOSMae- @Z@w@lsdmmatablswt@ tinfmeieeEk eartioh dy;hﬁmcs

first trajectory portion 262, P@OOB?E In the second
Part I Egperéverty @tfﬂthkﬂlezls A 1ufNfe apd Atre Aduansee it (hemical

Sl At
A P, P B T et o
descnb@ﬁepar&%])y theHest oscall:hticms iim @epsetmrdttragéctmmfportﬁm Hdeniirthemuch

fiel hat f he i ]
slowet WGt elrie5 BHO1SH B AP TS ORASYEA 01y FBe § oF  paGularfon,

RSt R RSP dopgtential Vp (which
e R e e fory, mort  onmged (e

is alsd tefirtedatd nothe effeotiepadesiat phibd qaasipeisntiallohe is hraiep@mbnt of time

about rrespqndi n a erage | 0 i on_of
and 3080 of DG oo At ) QBOT AP S MG LT SR e on's
mass Hioﬁ%h F@%}Ylbé&‘ [©zZsy fﬁﬁ’ctﬁlséiﬁbme neh@urhi6d? ahél Sifof tidSion’s charge
schemalically illustrated by a center trahector 268

(“Q= Zre"Flagl clzgactplmmspf the@seillpting cleetsp peteotigl (g gansen thyafast
oscﬂlagg{nglr Sa?rg%usﬂap g %féct%%l %Peﬁlttlafthgp%gngﬁlt{g%ﬂ ¢ J}‘lelg Erg

r|p PSR o X1 ma I'nc

‘0 RuddlE 2@@5&%410&4
oscﬂléngg% \{rjighz 8% %I}%%a{gﬁghé@m 0P abd aﬁladinﬁl udelE¥at

found 1 n "I nhonbgeneous RF fi el ds:
[0039R versatile tool for Biisdst Bay cof(C.ocesses with sl ow

er n.State-sel ected and
[0040Lt at - t?@%&“ioﬂoﬁﬁ%%ﬂfo%é(hlﬂs@“fe@fiﬁ}% Vﬁffrﬁscs Part 1.
[0041 periment, Edited by cky ¥i )l&lga(aqlggj?/l)c l1yBaer
dvances in Cheni cal hysics Series, Vol. 11, (c)

[00421992 ] disrthifidnesppralloasshe aperturdTBaS ddngthatams 234 the lens 220
roxi mation, des

senerg ST ITROHE Clon oS BOBHAICE FL SDEMy ORI PR Jeop ngigesing

maglﬁtﬁ‘cfe SBO sl OYRENTIPYE OThO hedige 08 Gl dradibIdS theGtBEWS Ze Vr
along the center trajectory 268. For a particular ion,

points dveaycizem dhe lenap2anskthe amﬂmﬁ%éefh@édqyt e lena 320, tbeganse the sign

of therpé?%c{(rjl?ogﬁn{l%l 15@16%%121% %? Ogs[? Vééiat%)lg % XI‘QII&W Tt ehne%th?\Qe of the

gradidii asteRRinehe dirkctidibdnd streh gt @fan deeﬁhgeofordd dxperiaivdd blehe ion.
sign of the char %he? of the ion. The pseudopotenti al Vp
Subjepigdlie ycragpviess theron fans bapkdeforg seaching the HITERE225, 85

illustd %H%?lrthé cglt%l‘ thal {org E%gz' ﬁz"hﬁssl)nttﬁg clgb%ﬁl%gﬁ%e ad 28k gtﬂ? ®n is

ron s c aracteristics
axialli Benfixsedityl thé bsuilleing@lacinic puteiul galeratbdiby tmRiesolidge applied to
fast oscillations. For an oscillating electric
thele%@%htl al that generates an electric field E(r,t)

[0043380' I 9%'05\&8\{‘%1& ﬁke@&bp%%%ﬁvp ﬁﬁseme ‘é‘é}ﬁé’ mgn@s iheasﬁgrg@rﬁumb)er Z of

at a’location r
the ionpis (;aﬁﬁcdnfme [bGth4tB¢ pom’evq;)%lélmdrrmgeima %MS wps( r'Yhe pseydopetential Vp

| t 041 02
deperdign Sy mipap a5fheiat B o s PP ReZ Phtibired ko
deperRbR) tHe@m@ s Sl elédifc boRAtid ay confine some ions while allowmg
other ions to pass.

[0044] FIG. 2C illustrates an example in which a smaller ion 212 and a larger ion 214
approach the ion lens 220 in the end section 230. The ions 212 and 214 have the same
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generates an increasing electric field anplitude E(r)

and, according to Eq. 1, an increasing nagnitude of
woOherspsewdopot enti al Vp. The negative of the grawiusmios/001846

of the product Ze Vp points away fromthe | ens 220

posi S ARG S S R PP R S S an e
smalle? i &, TS oh®P] BarkAUGEe cdﬁfﬁteﬂ e@ﬁﬁuwaowtotthv@ams 234 by a 2D
gradi ent determ nes the direction and stren%th of an

multipmleficld getawnicd by Berdleaesprliyd ihde ngHiipolsue] eeetradss £47 By the
f
R voffies Plffes D% rng 1y ¢1Pile DS RESRE RIS ERGD tioh e 220 o
genera’%@ﬁn oﬁlllltlﬁllngrblédﬁ?c ﬁélg mlléw botﬁﬂmﬂ thet S:]llmlm i 2134ut tahews the larger ion
axi a confine t he gs tin r
214 togowisine a1 s A LA bite HESYER GORPYES J35PT 06 1975 220he
[00451 ens 22fs 419 Qét%lnatﬁﬁgﬂpiﬂﬁstfam& ﬁ%ﬂ&g%ﬁﬁg tfbtﬁtjle e ¥§9arﬂl§1§ shown in

he sane 'si gn as ar ge i on,
FIG. zcanhtcamfordtﬁatb aydterh mo;msmdqmwnﬁmm amtg&atesmtecﬁma vert1ca1

e 4 e ISR e oS0 5Bl

hortzotn’Pal taﬂs%ﬂ CeR%e gﬁfﬂ&%nteﬁ %ﬁ@ﬁ&e&%}é hbaleFiRg] B Bfelshms oscillating
potential may confine sonme ions while allow ng other

electrnc@nsentlaal gmsmted[b}ﬂhd}orﬁbﬂﬁ 220 i || ust rates an exanple in

mal.]l er i on 212
004 e o EreliSing fipebordilet Beuft it JREI G e
small 52D 121t dh3eBodd e tdPRtehBial¥8428P e Q40 Wsh 214. Because these
PCT/ US2005/ 001846 positive charge and simlar kinetjic

pseudeprieniadssare YafinadHay thasyae oscilptingelastic potenfiahdhe plgstsic fleld
T
T e AR S A

pseudﬂ%]tit&ﬁt@@ eavkisghitarganss as e durzyioef el axm]] distamop K‘frté)jfrd)m the lens
mul ti pol e rod el ectrodes 232ti RF v

220. Eegipssedopatentipie? SRrang g5t hgve LbsRREa §/4%er%mtt1?sea§?ﬁﬁe ditances from
the leHSOiZth?EdSmtcféaE{gs the Boﬂrt?%?grlldgnggldn@ apPORI& Ak $er20. Each of he

osciflating ectric hat confines the snaller
increaksing padiRiopatentials 382 and1284 dafiges a baimier as_t«hetma)qlmamelaﬂu@eof the

‘ end_sect 230 th th 225 .
correspﬁ@h}slg nglu gﬁotelr &@)Jng %}%thﬁﬁg(gtp@%% tg or rFtL%sF?(gc{pggentlal
282 dDRRN ARG 3IsS &zﬁfchtlmgﬁéﬁﬁm @seirbﬁéi\/ﬁaﬂri%r zsfs &fikEhylthe

a coordi nate system 270, pseudopotential val ues are
second pprudspoituiihl 684aThe dtffetlf%ﬂce bebwiesn feharrerd 285 aagk 281 is due to the

anc rom S, 220 al [
mass o BRSO A RN SRS Rt e fur 18, Br oor ons
with ffeledOoRdsamtio? |cﬁat?é @ald@s‘ tt[bq&iebd/opbttﬁhtﬁm@s chl batiétagnined by
el ectric potentia generated y the ion Iens 220.

findinggloarepximmen yaler of Bei hiprdecations %!OltﬁathéﬁNSa% defines a
[0047iI rst %@gﬁlggg% ?@%{195{1@%4&%& ibh 1 g@é éve!ra?% e%%y%\%l@l% and

econd ps or t ar e |
204, 1Bty t ThS sverfecindrpydted ¢anl ke c&lﬁﬁeaﬂ bﬁ avardginy tltehens energy

same oscillating electrig p ntia e electri
during prg perioghfithe gﬁgg agpg })otegtl:ltl gn ggrpé(atma}e B}ﬁé}}(e{agg ENERY levels 292
and 2&/1 havyklﬁ"ﬁllatt Peuds! ot th%%ﬁ],aﬁ&dioﬁ 9@9 Nfle 284 age energy level 292 is below
opotential s have simlar shapes as a fufction of

the Cdl"hepcmdll@ battist 283¢ eAdcordingly.rtbersmaléerliem12 is axially confined by the
oscillating electric potential. After reaching the point where the average energy level 292 is
substantially equal to the local value of the pseudopotential 282, the smaller ion 212 turns
away from the lens 220. For the larger ion 214, however, the average energy level 294 is

above the corresponding barrier 285. Accordingly, the larger ion 214 is not confined axially
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220. The pseudopotentials 282 and 284 have
substantially zero values at |arge distances from the
woens/02804 and i ncrease as the correspondi ng i BAT/US2005/001846
approach the |l ens 220. Each of he increasing
pseudopotentials 282 and 284 defines a barrier as. the
by therpseillating ¢lgettie potentink an%%“ﬁ@%‘f?&ﬁ%? ssslian 430 dirapgh the aperture
25 along the axis 234 of the ion trap. The first
" pseudopotential 282 defines a first barrier 283,
[0048phi ch The hb@halesttitied adisbettomgprivamation adBthedefrespoding
the second pseudopofential .284. The difference N
scudpRioRINS ATE UBBFS Ol Bt BOL A4S, fifePdighag gpproximation can
dHGRRY \d {RpIRNGSIERG W tdRRIP RbdrYhad & vathBon
beust e g?géé%l@l&g‘ﬁf%llc%rﬁ'ﬁ_or olt ggltrl i ons vvi?h %irfferent
measuied by thedletricicldgesradibntd §YEY hemese cliopaberistiviaaiplitude of the fast
_barriers can be det_eégi nﬁd bg/ finding the maxi rrurfn .
oscillajignge That igsdt the elesiniq igld changss taognye EPFSWESH extpgips of a single
i ] ihthic! Blién NAv41REarldhe BSeuldBPotérdithl BBt be
080111%8’21?%38-@&;3?%%&1%%@3Idggbéé% rzimd V294, resgeegtiegoel y. The
used ta\descripe tenonipymoarel s can be defined by averagi ng the

ions' energy _during. one period of the oscillati
[0049bo1 ant BaRed-4rbiS Rong oot dmmaonlsge gty Sy ete e be
Q4 V. 1M gl : j
deingh T o 8RN UL 248 A ARG b Sl
frequéiRy KEaondi ng barrier 283. Accordingly, the smaller

ion 212 is axially confined %}; the oscillating
[00508| ectric potential. AGe?ZI¥E/M A the point where the

vera ene | eyel 292 is. substanti .
oosife" PO5ySS0nt S5 BolehmBaN R i Bl biramecr ¢
f O . fs : . -
s AR P A0 o ARG epGH  BRi
chargé satioah(dvef thé éorc dFhae spthedanger thenmiseto-gge ratioof therighythe more
. . the larger_.ion 214 is not .co fd' ned axially 13 WO
likelyipys ghay a@@?ﬁ%@ﬁ%ﬁt%ﬁﬁal by the oscillating

lectri ' i &&hp, AR BRPed i
TN o g St

may exglemdnae nodenipd dnearanémhinendr paeantbie exietions, gnd can escape from

seudopotenti al s have l. m of applicabil.Lty. For
e o, SHARRSL oSl P s R ER Wb Bfy gposen
RF elkdirit pgiggl ectric field anplitude JE(r)!l is
substantially larger than its variation neasured b

[0053] he el &6 iHustrasesn method 308 fer perfpEmingimans gnalysis accorging to the

characteristic a it j ' .
techniplf Abfibecioe” TRe eHieR D 5pi e PTG kP RBnuding a 20
multip6le VR ERarEXtwidOR posifivearii ieghttve i08<tdnl it donfined radinllyand axially by

he adi abatic description is invalid and_ the
separgis @seibgingaleqtes petsniials apdiscusiedpboye B’@gé?feﬁ‘é‘c? tReFIGSh1e2D. For
ti . diet i .
examgﬁhiehg g Y%{%‘g %élg l%:g I abac %{/&g glgoa ?ré ?} o aﬁﬁg%RFdVg 1-ia%ee%fm be
appliédto thefronylend 121 oreths back lensdl 28Hangially comfimerbath potitivecand negative

fons {p o0 Gp-29. AUSTHClyihs et by ey e Upsegmented
traps ggpgsﬁ%% ié‘ério%%glpfgf&@ﬁée% FIGSV@hdgh.i f the adiabacity

[0054] The system induces fragmentation of precursor ions into product ions by

confining the precursor ions and reagent ions in the multipole ion trap radially and axially
with separate oscillating electric potentials (step 310). The precursor ions can be positive

jons and the reagent ions can be negative ions, or vice versa. The precursor and reagent ions

14



| ess than about 0.3. The adi abacity paraneter Cis

i nversely proportional to the nmass-to- charge ratio
won#sef4mlhe i on. That is, the [arger the nass-POTABA0G001846

ratio of the ion, the nDre likely it is that the

are inffp P s GRS SRR o P Bt BB B DRAG i Voo

exampREast disppRd Uenﬂswuﬁ&yfeﬁanpetd EIGSe4- GFdﬁStHeeiﬂalhndﬂ,qﬂi’smve and
non-Ilnear or paranetrlc excitations,. and can escape

negativeedens are eonfingg both radially end axirhy by pegjllngplestaepotentialhe
0SSy P05, “F4d GRIE 140 90 2 Ao ipa e ol nfacen

ions ihRfacp®ith@ad¢h Stfen@rischary@ s bee mansfﬂnd:d fiopnt ﬁletrh@ent ions to the

technlques descri bed aboyve. %;? 30 be
PrecugsgF ¥Q§1F be s@arae Gy ‘*efrﬁl?Wé‘FlH%ﬁ res Togictih Epllyc?harged
L

an enaigy ¢hat drsscpmatemthle grecuamr dins dute $wd onbovelragments.eThe tmué‘mteract”

FI.GS. D, F t
a5 usoe Tt UHRTB TG S LR RHA O R MG By Ajachment.
abstra@ﬁ@ﬁ 'cﬁQrgE @rahlfer, fch@Nsis| BNSthdrkhc® EhdnhiBalidsdfiohs fked glcd. 0 A

axi al |y confine both positive and negative ions in
chethhbrea@mnttB’Iapall}Qbﬁmg\h pg:mgat ¢M@qnyfonnhfeonmtvn1@dh 8n® st ahidpe

o P STRAHE VIR SRHTRBH s R G5 558 B Bl ons

The térhr2UARRHCA ik @6t ﬁatenlae@ eiérBBacd DRsadtidhoirowhidheb tia@sfriytion takes
confining the precursor, ions and reagent_ions in the

placenfor exapanle sitoptiqnsdp which ians erehaphygicafly gollide and/sesratter e

scill I t
005, L) SpRAIELREAT ERELETLIc T s 4 o Wiy jons
activdtahi® fmmeheﬂieﬁgmtd predudirisns, ad the genersied arodiibieions are not activated

recursor an ent iops. 14 2005/ 074004
to be %@F{J@%@?}} 1%’4 TEE EATS Ptlﬁib‘& agt PPI’Fﬁé’Vé%’ﬁ’é lb"o‘iﬁflg%’i‘i 1ons may
also iffera3t ffﬁﬁ At %éﬂt@@ﬂth@ %retcﬂl%oméhg tPRLR ﬁlﬁﬁeﬂffa%%enfté?fon or other

exanpl e scussed elow wth reference to
produgt.5F. | n the channel , p05|t|ve and negative |ons are

0057 gt r e 2graine g B REn We Fnson e R Bk v A tog pepcursor

and r@QEhAt Ok &B%h@e@ﬂﬁ@ﬂﬁ%ﬁu@%sﬁhﬁpﬂﬁgﬁﬂ&tﬁ[&l RA@RAhple, interaction
Ions interact with each other and charge may be

with tepgans foms canbé pengh fph@hargeargémtlonan 8 migturp ef prspwserrient that have
the salg?enria%hf fligf' grng %@ e(iTRXteé nﬁi’ C&lag&%reggct{o%dc%ﬁﬂoque a

ecursor I on

sultalﬂ@h@hbér)bfﬁerHdS(ﬁlbrgéfstdtéB&)fnh@pMﬂﬁ‘%r iba) SThellaggenl fohg €an also be
transfer may have an energy that dissociates the

used forrediesbrep &6 Emalinly Ch%sechmﬁﬁ?téOHSr%?gﬁ@Fﬁds forprampley ffpm some
h1ghl% hﬁgrngéagfrtecur glgc??sg nﬁ?e'(’)cﬁlgfge ré%ﬁﬁﬁ Gth% aa?ﬁcgﬁ:f {dA§ cBn simplify the
mass ahdladhamhthe intedpsdtatiat ofahe restling eraduainisf eass sgetctrbipns ilastead of
both }g#@l?f%egga nggaz&e ﬁ%[npfﬂgflpegﬁ?fg E)% S nl?{ &ggﬁgé égrlgszc%rel 61}5’(0)\ be radially and
ax1a11§{ c@%ﬁé&%ﬁ%ﬁ%dl&tem R i apBy o§e§1utﬁag%1ec&ﬁc§am%ﬁs ,

bines wt t her substance,” or | nterchanges
[0058 onst i tThesygemiremovtsitbe raagers ionsThen therion tiap verilgattaining the

produ?f ]Ié)ﬁé ?sg%%%s fll"gtrgtgb ! a(")%EIVC rf)troe W2 1Iolng A rlenmovx\;g negatlve reagent ions, a

negative DC bias can be applied to the section including the ions. When they are exposed to
the negative DC bias, negative reagent ions become axially unstable, while the positive

product ions become axially more stable. To retain negative product ions and remove
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pl ace, for exanple, situations in which ions nerely

physically collide and/or scatter. [0056] Typically
wohers/0CAD4i s used alone in ion traps, only thePCT/US2005/001846

precursor ions are activated to fragnent theminto

rOdUCt IOnS and ener ate roguct ons.are
positiRier4ERt 15 LoD er0f DIBLCOR PAGTOIE A 4 sty AfiShatively,

the re%ﬂﬂ%ﬁ?éaﬂ s Rded BRPdsbRIIRe cfteUeY 61 desiaBﬁlz%@ 2gf4lty inGRSion trap.
also interact Wth the fragnments of the precursor

[0059] ons t Ghysystagn fnalyes the pragwé penstacentdine to tthf:elr ma@r@@ngge ratios

(step %3??5) ﬂa Ienlgﬁ)iet e@%@gﬁ{eﬁgﬂ E«gg Bérrg%épogﬁect Ve gf éal eoc?st 1.Jh8 groduct 10mns

based 68 fﬁhéi&emb!&etd chefge@hnsy mrsﬁﬁsmsdetd&al’thé Eje e ptc&mcomns fsing one
exanp e, |nteract|on r eagent |ons can be_used

or moremartecﬂgnglétm st end deteimpings WFW%HS%‘%F Feemeesr I Yipgnative

1mplelgﬁ13jl éltlgr%vﬁ}e eﬁ &?edsﬁg&éggo;é cgllﬂr)ee gﬁ g{aal? goﬁz{‘%qg%g'gﬂa 3&%}6 such as a time of

flight Sﬂﬂdly@m Emagietier eletftroﬁi@lnetad ICRar geadstipdle mlﬂfra}t zhmlyzer or any other
precursor ions. The_ reagent ions can ﬁlso be use

mass gnabireeinaheGIEteamINR IDE T3y e HIF BRI Sidle PradRions: “rfimass-to-

chargIBREE 8F & prddift E}S@HB{ e uéceﬂ W2 8RBructihg RirdctiRad AR precursor ions.
precur sor speC|es The charge reduction of the product

[0060] ons cimalgrmpiviefimplenentatimns thawh gt sonanttie phesursor ions or the

f I
producijii e THET 2R BNEteR 1 (e SBb v SRR BgaTTs 2o e the
produ@trlbﬂs @&5'3@0)’ 8ok of 'EHerrB@lgﬁiidn‘é @ndyHtsej Scdétl RbBALORN trap.
radi a axi ally confined and mani pul ated in the

[0061] on tr EEG byillosteated amethpddiO8 derrinduging Engmeantatior] @ipygqursor ions
t
wing FEp T A0 G STl E00 o LR B0 a0 88 1o

(FIG. N} ttidt inddees tal segmprited! uiltipoddidnang widhmweomag@tsestéons in which
reagent ions, a negative DC bias can be applied to
mlﬂtlnqln@r%lééﬁﬁ%aﬂ Wélcb@?l}‘?btot%@ orgede 9pRn t hey are exposed
th
00625, 48800 5o BB B0 ASRRLLHP S SHBmERS RS ORF
410). iecieslategpobiivt yravorser Rna lsmhﬂam pafitculermadse-torelgpape vediopymditive ions

ions and renove MO 2005/.074004 PCT/ US2005/ 00184 .
are gepgated;tiam @é%@lﬁtan%éwgctei @ e E B4R BB jrage NexT the ion
trap eﬁ@t@lshﬁgle iOnd &t 1‘?&@'@‘%’13%@@6 el dge Alibesmat thiethe massi6-charge ratios of

eagent ions can be renpved by resonance ejection or
the chdsmlabmursczemsnmmgafdrwxampkhmsomcc gigption. [mgqnlsrme desired

prec é}tg%%n Be%gaﬁl% éﬁ&e@é{? 1on((jt?§t ngg IPyC,: fl]?]erlglh gr%p can recglve the sample
ions ah{B]eBMRIM A fitREmori- Fﬁcﬂ‘i‘ébi ioﬁ@blﬁldlt@ﬂedul's@p sel ectively
ej ects the product ions based on their nmass-to-charge
[0063} atios Thy mpstery s1ayies ﬂ@tr@@ttléfeﬂ?h@u@joé@ﬂlé intp addsidrappayggegion of the
r
multll%f)z ol%rﬁaf;l) teP ﬁZQ)F "J%)a(gcgg (t)l%c a{r&ﬂeédglpag)gﬁfrazt?eg?ﬂge DC bias to multipole

rods iR tReEfidBdechi6n andubeiaBindl Bt 2eem 6t snhdlEr apeativve D(Pbiasksad othensections.
can beT%gl ded to a mass, anal yzer, such as (?1 tinme of
[0064 | | ght ThAAYSSiBiniegls RAgHHAF reagcRll @Rt inhasfsend kappiagregion of the

i | he first tr
oSS G280} 1 BEE B BB BRI AP s opoing
regio®in \tzlmeh Hreqebsitive ippsrsrsoll fums meestsapiped. Eh@pcmtweamnmm the firdiérapping

pr oduct s can be used t.o reconsfruct th
regiO SR B BF PSS IpG0 48 Sh L HaiTeREing by Slecodtati

poten’g%fmtaﬁrg@g L&l R8P by hbsutik 8 3BEPésitiRIISC bidis Maesdapplied 8RBe first

and second sections, respectively. Alternatively, the first and second trapping regions can be

separated by a third ion-deprived region by imposing an oscillating electric potential
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product ions can be further manipulated in the ion

trap. For exanple before analyzing the product ions
wO20@Ep7880) , sone of the product ions may be epeTiuseos/001846

fromthe ion trap. [0061] FIG 4 illustrates a nethod

senr 38l OSHRC\ BB PRSP i i
confirfe a%ﬁd%%ﬁéfhte%ﬂhth@%ohhﬁe siybthe teddie irs 1@theldhanhé1&if the ion trap.
i ncludes a segnented nultipole ion trap with two or
[0065}or e s &m.swﬁ@nuaﬁowﬁ therPoSHiYe I §sErser F3d @n@ &ie egataye ieagent ions to
i
move.i hﬁog@ aentaéppﬁ% I%%lggy bf@g 61?1[812 olIL: g%gl%llpnt-gq ﬁt %Hlen ation of the
precuts@fl ionk We;( S4®p If E(EQJ)[aseﬁ' sepamtddathe i@esn the\/ﬁ?csmqq)mgsmglon from the
ions with particu] ar_mass-to-charge Eab p03|t
ions ip &weow@rwrgg@a: @P@Mﬁtan%mr%w&ﬁ ﬂo RaseBand Allg the
posi | AR DERAEL Sl Dy b T gl 680 Wit
DC biasdsethetpositive hed negetive mns loam ge traprcd ssmoltancolsdy tmtbs éon trap by

RETE TR e
dlscués@d Eﬂ@ve‘ v@i‘ﬂl tdté@Bnce@ QR Ly, IHH% firSihnks8sbndarphReatYins are

he sanple 1ions and eject sonme of the non-precursor
separatechby s |t1mr,d trappéng sgion if 006d] ammossillyisg electiiswnetentipbaxially confines

ot 935 B o O A RePly  BPU e )

potenfNISuEMHaRthedREuYsoR idHR b Iré’a%eﬁl@oﬂé, @8 bbih cabl kil @ed throughdhe
in the first section and substantially zero or smaller

internprsiipie thiwl DEiN)- Bdsg eenited dr thesemediBPIng regigapr regions of the ion

trap, t?lg gggﬂlﬁég Bﬂreglgljsgrnlgggﬁidﬁtﬁg n%@gﬁl alggﬂl{%né %5513161%1(‘ gl%ig%t)charge

transféN@aseee I'Qﬂ)ntlbﬁmbm@lsabﬁ@lymmndthfefpﬂfcﬁfdor fonrem t he first
trapping_ region in whi oSitive. precursor i.ons

[0066}; e tr Jﬁﬁéd b@gﬁtﬁa@@ ifysirate 0 emplTy g{lﬁﬁfmaatar% of the

methd 44 11?%1% é?ﬁi idrs QY taQi%ll? 8oEidiNe oéc@l‘ih'im@'ﬂ)o%éﬁﬁals In the
secon pi ng r gion by electrostatic potenti al

examplar 2 2Brsulgpoleliat wap £0 defgas hv dnaohdnped sbotitvie aRiE I92aJds trap 500

to the and sec

inctudeg it FodPYS. sirom ettty S bonidFr RS g PO RES 506, ana e

back fch@BO7. Bache@F RN Sechens 30a- S%QHélhééﬁéjccﬁbésﬁoﬂdmg' ¢t of multipole rods
I on-deprived region by inposing an oscil|ating

that reslesetRY w:olpmeefﬂg avith @ ﬁsmgw}vsvf ehagd£LME7) sroestopn@gilating
i B0 G 5k Rt AL B b APl B g2

additiBRths &R8ES03 atso7ichealpe seoeiv\ee&avatatgbﬂorw@aty dbﬁﬁne fims in the
in the channel of the ion trap £0065 The syste

ion channelwdn thedop ap SP%DE beases %a@rbeu apREedhiocrny od WRO&I@MS 503-507.
In the 1?1@%%@%04) %{@Oéftorp&\@ 1u5ﬁ Qasgﬂ uce %1 M'o@ggﬁ)?giﬁqgfthe ions.

e |1 on agrrent
[0067q he prIﬁ@m}sm pdsnﬁre(sahpke 141@311 dré irfpéctdal imgrethe Sepaaps @ The

he ions in_the first trapping region fro i.ons
sampheﬁow%l Lspelydeons Hpith differen gs st gp&m”hmqe PR fcharges.
The s?ﬁgle%sbfg AS&n b@rggn&hﬂee‘ﬂytﬂsq or Qﬁ? bihkVRnBAHoNRERLINE

to nove in the first and second trappi ng
[0068] egi onsChe\dampleLibns a'l)e:ntgecasdsmto thegoptyap threugheamchpagyeetin vlee front

i.gns can be tr |rmltaneousl |nth ion. tr
tens 3930 B g B0 it R i el i ioh P Dhing
injectid &iffeferdt M bﬁ&s%@ﬁﬁiﬂﬂed@cﬁ difheerit @&nbbf{?éﬁts 6¥3he ion trap 500, as
illustrated by a schematic diagram 510. The front lens 503, the front section 504 and the

center section 505 receive negative DC biases 513, 514 and 515, respectively. The negative
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di scussed above with reference to FIGS. 1-2D. If the

first and second trapping regions are separated by a
woOhoosth7a00appi ng regi on in which an oscill ati ngrerass001846

potential axially confines both the precursor and the

) gent the st.e an alter or.tur
biases G404 LR BT BT W ORCr i el o Yolfs;6 Vot
and —1OPEolls ?&ﬁ&?ﬁv’eginﬁ) géﬁéralt@élbctﬁ@fatlb FRURIEE itnPEOHe o§1ﬁﬁe sample ions
intermediate third rga;on Bei ng confined in the sane

511 tomabﬁhmgemer@c@tmm?%r edaek efctiph 806 sreeives apositineDC bias 516,

ot R Y B R SRS DER ARt 51

from e@d: 08 cERBEidcans hromph the bakeehs 507 whi@Cetsiods d ubstantially
FI GS. 5A-5E schenatrcally illustrate an

Z€ro DéS(bln’fJ Bf.\e-8- M&%Y%W lsps than pbuit 3@ Yiod 400 using

egat i r
[0069]2SCI ] P‘fcli nsg?%@ 1at % ? éS% 10??8'% gkéo}eﬁ)r(sgpﬂfn's @oﬂg% sample ions 511
trappetiith tHepeher satioh 58P o5 ickefram £G0. aAnrAdErV@llm nehprdied it than

axis 502. The tra des a ont | ens 503, a
mltipplkoieds SeibeCRBEAIORS Co B 0ags (R By ogsS e generaif he
multlp%fecﬁéley 'FlgeﬁAC%‘i’tage DR fHes ERiORI1ds BRE BaRE tﬂeh?ap to eject ions that

sect1ons 506 Tncludes a correspondi ng set
have d]lﬁﬂ:rbntpnhss-toaﬂiargetrhtais thactbe vele@Ed prsicursgeions, éeegfmg ouly thea

fre uen % gﬁ@ut 1.2MHz) to generate an oscillating
Precurgef) t P%Eﬂ g@? ial that radially confines ions in the

[00701 on chanpabmaROuh 20%118stRet- DE Biaedigplied to alhﬂerent
enses 503 and 507 can al so receive RF voltages t

companents|df yhecioarf $Gfeduringghe isolatien. Thefrentlape?03 and the baqkdﬁns 507

e R o 588557 b0 RL AR Rl s o
negati®é Didehindi 52 PYRscHPdsubodesl 00V s The &ohbsection Sadmidife back seb’&on 506

i ons. 0067] In FIG 5A positive sanple ions 511 a
have negftte\tetlé bigsedS2hend 29 fe.sa?ftleela Wi V%weleﬁwrs%a%&@ﬁhan the

bias 5Q§]f é%%?ra%é)&%c s‘ﬁc%ﬁs%ﬁﬁ'&h $o8fndMd pokift ﬁm@ in a tra p1ng

e p03| I've charges. e sanpl e ions 511 can
reglorg\eiﬁlahahecbdﬁgt sESlondi05any ot her ionization technl que.

o071 L0 BT Rk e i b S S3 o 8

sectloﬁ‘@@fil TH I\x?}ﬁ&ijthb%g@vet BeRR Roed, @9tHRTroMt k&ttidn 1508, A8AN@rated by a
sect’ion ring |nject|on di fferent DC bi ases

schemne daagpim 630, tth)e dintdreedion H6hesnENE biasH3$ nbatiash—10 ¥p A DC bias

534 e Fesrncats VG PO LXCORT on Bbae R traton 37 Biepptied

to the %%?ﬁ {02864 rc@ﬁﬁhg’ ﬁle@ﬁglﬁbé prectsobioas §31 bl@ovekdmané center
5, respectively. The negative 17 WD 2005/ 074004
sectlo@@@fﬁ Use 05t oo 58BN Wi adescxxmnmle.sheDirbjasi3s ¢pahave a value of

about p%?gfg l%ﬁSI v el qcckri@l%tg\}g{iglaw ?ezqseraz&f O%q:ﬂé B%SEtéyegérgéursor 101s
531 fisheBk cafbidectord 5@ Wahé Hradt Seaqaei 5(14h érnmortt llens 593 rhipd; 2

ions 511 towards the center SeCtloB'§£?@ &F

substagitially a970 56 biag 533 tegengrafnd) ¢lpsteostaticielst H@GVG% pgsitive
\Y/

precuffiPibhe Flm@ehsing E8nARDHOR! &ofth HPHFORMAS fent Al 203, The back
sectiof 606 end geediack tenk 150D hg\ha 4 ngabeckiab 636 arkdy suhmmlhlly Zero blas 537,

recel ves a substanti al bi as .517, e
respeqiieioiip SEFEIGE CHERSIALE rﬂeﬁsaﬁ%ro‘sgghwmrwsrm dbnsigwards the
front dekhi &fﬁé@&ﬁﬁp&v&t 5 AbARMBhgRIRMBACR Rnsisons from t he

sa e |1 ons
[0072] FIG. 5D illustrates the injection of negative reagent ions 541 into the center

section 505 while the positive precursor ions 531 are held within the front section 504 of the
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trapped in the center section 505 of the ion trap 500.
An AC voltage is applied to the nultipole rods in the
woenisar4mect i on 505 in addition to the RF vol t ageastiwanois4e
generate the nultipole fields The AC vol tage
generates electric fields t cause, th trap to eje

c
ion trapehD), HEIFA I ERPPINETERO tﬂagf‘ét‘iéﬂng &% Bs 8¢ &by
chemitNGosiZtffnl G InR ot kSiehbid i‘%ﬁ&att&r?’é%rﬁgu@ nfB[e A tlve reagent ions are

precursor 1ons in the trap 500 A schiemati c
inj ecte:tl mgr theni&P0ap thtrau@nrmtapsrtm@ i ﬂmb@sk fgmp I5 Décandare adcupmudated in the

centerfs,eg)t]tﬂn qe(gt lpg%tgt gfm 1{)1},@1@ 8 qﬁ;ﬁg :% %%hg aI oLAL ido tl%érelqthc%mponents

of the 341PEH5G0, b | 1Yus€r§tree b Bhasar d2dadsd053he back lens 507, the back
respecti vel y. The cénter section 505 has a negative

sectio806 pad ths 28Ntes srstion § 05 rsaive pesitive Dfheiages $AY, Hdcandods,

s 302 SRR RS SBE, S R NG BB P DL

about P OAHI3VE ahias bespebﬂl@asy,&ﬁa@erte@atg eleetedtaticeficdd thasltlatre the
fiel’ds that axi aliﬂv confi ne theﬁ)osnlve i ons i

negatltVﬁ sqnsertgons HAi lewandstthe ?Pnﬁliée‘é@ﬁt p. dia e Gshtes eﬁzptlop é@%ﬂw
reage L Gis c%ﬁtde \kflﬂ’? Meat}agﬁgrhﬁ'r?d H?ggon?é kg gprecursor ions
rgé(l m t I on in

e center® sec ich they have
[0073peen I S‘hb ﬂtoﬁdsectmn Soerdeeivnd a ﬁ@amve)DCﬂﬁlés 54 such as about -3 V, to

illustrated by tic dlar 0, the cent r
trap 1hecROPIHR PEUHT LoD SBE AR AP R B Jhe hoggiye FeaBiaions 541 in
the cegfleggecgggé 8$.at"fhg Goft 1eAE I& reBGIEL 4 5%&1&’\%'% b‘ieﬁ%‘%t ﬁﬁ‘f:h IQgJabout 3V,

e center section 'S app i ed
to genferaberdn slectrostaticFAd thcaapmmgs thegreusior ians Sd doun sf@apung rﬁ@m the

531 t th t 505 into th
front ¢t ST StsY BOAPOHRGT DG NBRECH 15 oC bi 2 534 can

[0074!“ ave aFY@' 3181 Rfstrat@® Metmix i \of tile 1t1@br@dtﬁ§drﬁ&fstﬂtllaﬁd the
is generated t hat noves t p03|t|ve recur sor

negative wge@astnsf $4b1mlometh@@ﬁt8e5029@@tl iﬂm«seg@@wtw t $e5 adori6 of the
Th | e
356 Gri, ADSbE0L i SRR LB 0 R P fdons st

505 ahd§G6 me\samtaﬁtamg iPasicili V€ bigeée suthsara substantialiymero DC bias 558,
escaping fromthe front section, 504 through the front

to allqve the sgpmen af ths prsitive and prgativionn alopg thads 0 (% nkhesgme DC
bias SE%;&IQO %’3%28 by ﬁqetﬁcﬁﬁ 380205k AeIUDSIAREHRI |y zero bias

ctively, o generate electrostatic fields
[0075) hat nDiear thhéermessm arel Webmthslmﬁpostm&: prwmsoutsortstﬁél and the

front section 504 a v ir .e e th h.the
negalty RO RGNS, TP ESADY PHEIR9nE it Bt S0 PHGLISIY bléchc
potenﬁ{élb 663 hﬁH‘% 55’7f %\%hl%%éd WERESBASRE apPIR t84ie frBkiQeds3CRA MRS back

ction 5 | e tHe positive precursor ions 531 are
lens 53] rdspeictiveln. Fheexfarrmh bsﬁnthe ﬁnnsl@ns 203 arfdethe backdens 507 can

s FRET P PR SRRSO 120 500 oy oo

whictPd hb&@halFR f9RRF ﬁe@ﬁ’eﬂéy apﬁﬁ‘@rfb 3 rod @MczralésO MHYE tiddPrecursor
ot her suitable ionization technique. The negative

ions 538 ané tite rieagent tome 541 nteeq@mﬁaed intthe sanee YoJAme, the stRe Grapping region,

and th[eH 1{1% achg]résﬁ?%y 1ncf§§% clat E%%;gﬂ?eé Ql?d fr%lﬁen% fon@ BF H{Q'Br@ctu?ﬂ)r ions.

In thiglinkfagées e tEXppRigisgdnaoRpapgl sleett‘bn‘s(SOdJ 50‘5@&&&06 The charged
conmponents of the ion trap 500, .as |IIustrﬁted b

fragments éhet the PadagH 1eRs)zae confried gBialy by e ssipe oscHiating citic

potentials 553 and 557 as the precursor and reagent ions.
[0076] FIG. 5F illustrates the removal of the negative reagent ions 541 from the ion
trap 500 while retaining the positive product ions 561. As schematically illustrated in a
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section 506 and the center section 505 receive

positive DC biases 547, 546 and 545, respectively.
woherspasiot i ve bi ases 547, 546 and 545 have | ar ger/uamms/001846

| arger val ues, such as about +1 V, +3 V and +5 V

ectlvel to ener ctrost Ids
Gagra ge0 hnoet et gah sk ot oo B LEraeE stin e a0l ppplyine o
negatif€BIC 91@3 5953’50 thB ctAi6r L8fbE50558EsubfarRtlBly AREDCIAABEPE] and 568
ions collide with the background gas and becone

to thetﬁroapfmdon p%m} thgtheclf sestion 38% IPPRCIEGLY. r BeeeD(dyasgs 561, 565 and

50 GRR0 HUSERiy VGE 3P0M 02 1 1 on

lens 5089Ad thé®atleRAS 307, AdTobfAde the positiec plfbﬂtl&trloﬁseiﬁll ianh&&mter section
The front |ens 503 recejves a pasi t

505. Tasemers thotaagergyons tt@ﬂ@h Vs gmsss AR5 andb sy, @@tsabfit%nﬁfaf DiCibias or
RF ﬁeflaﬂ al ng&Y{%%é k{nfsl ﬁ&%@gemgh oug@t L Qe f&ﬁmgns can be

fro section e ape ture in
analyidd?fd‘r eRibplecnssch@divelyGfettihg braductibng with sihﬁferblﬂsnadseo charge

m xi ng .of the positjve cursor ians 531 and the
ratios  AdterTAEely cthg SO LINES SPOSERE THEPUARE 155 iPR Tap,
[0077§ he s e%b&ﬂéo?ﬁé exéﬁﬁe@ﬂﬁsﬁ’@c@d ﬁérefnhﬁe AU, ChiRef £hd Bk sections

lustrated in hemati c di agr am 550,
504, 5é)écalnd<506 hire lmntdlemeémmcporr@p@l@ndra@p@gnagaens they are not

requirgi a A BPIrLerogiig FPCO e 28 BEcTiped iaVsei fon g it

figired 10rOAE Hr¥EscdiOnd ¥EPRbE ¥ohfl A t8lpeRadd bige, @b Sr BOE trappin
conl@frr]% sgﬁe DC |Sas 558 %also applied to the front bpine

regioniseeash3BRpiAgdegipe cOMPKRSING ABC GUMOTE[SYCTEI oKy 10n HaP| enses
03 and.507, .bot
00757 0o 2nEIG X xRl iNFRGRkds A5 BEERYE BRboLANR: AR fositive

and n@ééﬁﬂ@ idndeamké BothQadibNy astadidlat condined esihg bswcﬂlz{mig&ﬂlédtlad s
553 and 557 ener ated b\é RFE vol tages. a pI ied t

poteniala i A pegensUFIAIAOkHEN AR 00| Bhemtipol °rigs & 2600 é@ud@s a front
sectioggif} 0 eﬁ(@éﬁ%r%ectﬁﬁtdiotaﬁg Eecltlgﬂ 830 ﬁ:’at adshd $&a9ﬁ8kab5% axis

recel ve an tage with an anplitude of
601. Bhehif tﬁé@ec‘dom@ll(la 620 en@émmcbrﬁeabnmitqﬁﬂ)ﬂddmwmb]m smhh asa

isaboth f of e . RF fre C
quadrgpQlg 19G,¢hs lyﬁﬁ%t ip gdeﬁrtge her %pp opﬁ)‘gﬁlglg ggﬁfdlg o eAltematwely,
the roll G8%& ek Qﬁlsbe'slfe&aﬁéil@ MHO!J@QaﬂgBr ésgﬁnﬁlmné’lﬁlhﬁg%eé HBur or

sanme trappl ng region, d their interactions na
more paitiefdpphsing eod ¢lecteides. sInamdh pf thgweeitons PRH20fand 90, FIG. 6

T AP e MR 7

614 i 1RFFERO LSO 680, roll BRCREQRBWRD ah@B3) irdthe cemsf seaadn 620, and rod
axially by the sanme oscillating electric potentlals

ebc&@$3fﬁﬂ@n6§34asﬂwﬁ@db$@€9¥§%9 and reagent ions. [0076]
[0079 1G5 F %ﬁfg& %éc?%n%ag,htég IB%Q’O% rigrqu %Eg%&gﬁzﬁtﬁ\éﬁd 624 receive RF

eagentlnl ons rom

voltage8 VAl ki tR@sdniEpHROS td generans, dldctﬁhbmm Wi theAgsher rod electrodes in the
schematically illustrated in a ﬂg WO 2005/.074004
contePRCHOS6Eh 31 obaiHAAE wrkipelemotahial, spd ssegifwoleRiatipl. The

sn 08 gD A DL O R
the mﬁhi@@teqmmrmﬂal yefimes suis@nbinbip esyo SBEtrmnftelé68 to the front
[OOSO?—ﬁgt ' 0 ?@g%&qgggfﬂ)%égc §Sf):ct>s,llr(1)gnro e‘lsectroge§£ 6e15t | "%ﬁX receive the
same RF voltages V1 as the rod electrodes 622 and 624 in the center section 620 to generate,
in combination with the other rod electrodes in the front section 610, an oscillating multipole

potential that radially confines ions close to the axis 601. In addition to the RF voltages V1,
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568 generate electric fields that allow the negative

reagent ions 541 to exit towards the front |ens 503
wandsioneoback | ens 507, and confine the positi PeT/US2005/001846

product ions 561 in the center section 505. To renove

e o Gt SROFT ok A S 50RO 18 20

M& 6e2ERMb14. th8 fod1ectedes 612 and
opposﬁ%é}‘?a@és infhd Sﬂpgﬁfglg%’dl e for Sexanpl e, gDE%SeI ectively ; -

614 alsy wrat@arpwdmng Kiqme patentiadiir the feont S%QB 619- Eh@él@ele potential

deﬁneﬁﬂ%sﬁa nylet enlr %e%%) Iﬁiée{r%) rﬁetlé]s inR Fg%drﬁ&% gg n be OE ih I['}1%rﬁ‘ont

sectiorEE AITPLIRS, the lobsilis@iceslpble qaetewnumhﬁnfamnymﬁﬁm lﬁtrth @esiubamd
sections 504, 505 and 506 have been described to

negativoions spenvd in 1o qenisp Sergon &g o Miher ORBYSIRG @dr%@moldéfql& the font
sect101b§]o(€céa{nea stoI eg%l%%é' gs%ﬁ?aﬂgg dﬁ)%'ie @&éﬁﬁll o eogﬁ%fg&%l‘rftgd ?ggng rods in the
front sb&cRES 19eteidipise m&t}tnﬂixﬂs cairﬁavg lﬂli@lﬂtntewrpinﬁf@renka)soﬂ}ahom fequencies,

or three trapping regl ach_tra re
and fop thepmsifieguencs. B DA 0B har BT %iatga o g?%pothef
(00811t 90781 1FihGoadk Wd ﬁ?éé oklh &J&I éléétﬁﬁieﬁemhﬁ@smtebéiee the

enmbodi nent 1 n 03|t| an negative ions can
same RPvbltagad aathlepppmingmdabllgz and) 0i4 incttie [ﬁ@nh@cbsm: 510.aThusg the

opposGaBSLIAD oS ek e PATE S L

sFind As Pd@[htll rel$8 s tRxfdb 1286l ah bRdlatined otential
pownt%%?)&thatn (Jg%fllone a c?:fnne aboa(t an axis 601. E r?mf)

to confihetledons axialygnthe GRer apetionIG0; Mecuse éhQaOSI‘fﬂlalelg éleétmod

assenbl S as..a adr I
pore P b5 AP e APl BBk Wpere o
induceoh86mltéri&ions and berrésponding &ﬁ@thblﬁtﬁtl@ﬁm the céiﬁeqaqaomcm 620
oct apol e or larger assenblies including three, Lf)[

[0082kror ¢ pBIG-S/ ssherapisally wpstigtes 1B apotbgregnbadimenidn Wélﬁc pgsitive and
negatlv? }ons%2 % é‘c@% ﬁ%ﬁ% f% a?&ﬁglp%gl?ﬁa&rl% %ect : %gllécihc %otentlals in
ase grméil;tedrrﬁdlu@bﬁdbm frae 306 1 Phaumdltipé ledioh trap OO0 inobutes 8 dictn hms 703,

ol gpceetice 22 200 521 Lo Lo SHILE0. 565 o
assemggfggﬁcfﬁrbs gr%]%adr[upglg%} of &%ePﬁlmtﬁfoleseﬁgétfo‘d@ a@%&bhﬁ & trap or guide

oSl ng ectro es 622 and 624 receive
ions ivarl ioaghsniél about bhexis d0B. phase to generate, |n
conmbi n rodes

005320 L O B Ol o ST DASBD e st

secon® St @RidrR! andIHePirAScAine#AHORP BEt®/eBR iR of &le twbhiets by confining
gener at ed oscillating multipole potential radially

them intmthie sase sestion ot s@@on»‘mﬁ the indrap ‘@91 Fopswameplet the first set can

ol e tia r :
PR BB Bl e AR B e g o
be recBRBO HirbLH 1Bd ﬁ%heréhg PoRsn Bt @red Mgl B bdcticRcAiSy end the seadBet of

RF vol tages V1 as the rod electrod %%2 and 624 in

ions cathbe tespived thsewghi the badolepy’ S&Qré SEHBi N4t i on
th t
[0084@"10 a?ﬁ% 20&'3? t e(}ﬂ'atege{sf&r%dﬁ%éafa%g:fgﬁr% Ilfglq&tl h&Rd begﬂnd set by

oscillgt@gfeldrasc paagiald gmerateml liyhthe muhspcﬁé)ﬂnds hmtlaacisdctmns 706 @end 707
the RF, voltage, gS/ 074004 q 6 and
For Pl SN GOLHAR0E SiRglensePr DR B ER B eeiieasd ilie gqofions 266 an

707 td £&8Aly BRI in e M6l PR HE sdoRl sEAMBp&dRelyaNthud idn¥ in the

section 705 can be manipulated separately from ions in the section 708. For example,
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opposi te phases in the opposing rod el ectrodes 612 and
614. Thus the rod el ectrodes 612 and 614 al so

wgensroatm4an oscillating di pole potential in tReTfuses/ 001846
section 610. The di pole potential defines

proou S B ST U oS0 G558 S P 8 kD G rofhent s
can beldpdfally 161aRAGdrh d B6ordi ROInthedctiohi7eB. can axi al Iy
confine both positive and  negative ions tra

1 D ; : : ] pped in
[0085} he ceithepscildatingsieceipotentinds caphsadivstpdrin thesjegliensy@esnd 707
in the front . secti S .
toatlogfion Pa i BISEFI PR raRE R RPLALE For cxamplc inscad
of dipbleGotdnfialshguadhipdn pgatialsomanbbEentthreddh frl sectimis§06iaad §07 to
. can have the _ sane or _different osciggation. : ,
guide thedguiebrivean thesprtions 702 A {heP SsitBG A OgsatgActseran he axially
! Bb3idsUfatifh 8BGHC phiegfials EORRALd by th
cmﬂhﬁﬁ?@ﬁgﬂég@ %@ﬁ%?ﬁﬁéggg, ?hglogﬂgéghg ?gd'eﬂ%g%rqdes y e
front 16827 @nzhdGR4 badkdens/El O hedipskrpptdfials@ehergted tmthetsgetions 704 and
opposing rods 612 and 614 in the front section 610.
709. Thus, the opposing rods 632 and 634 in the back
[0086F€Ct i Oy BROR I SRBRNE! afssgyaalt&ﬁﬁ%ﬂ, lsadH AOh8Wrl tePOT0® illustrated in
potential to“confine fhe Tons radially close to the o
FIG. R xorsiod0tactiansl amrecosting fime ifing seiirpanite Apeakinsendo petential barrier is

nfine the ions axially in the center [ Q.
crestefy rOgoD 1 GRS APY Fepeenidty i st REetiudrits a lower
axis DXOBfak P6teR@41N ARQRE fonVien adadiiGre G@bieY BrodadiSiond iehe Gt béghident, some

600 can be operated to induce ion-ion interactions

of the gretlusbions sppahay nepfieigaihe e e mass-torehares ralionawd thermaf kigetic
620. 082 | Leald il i

enre s PR S RGPSl b SRSk sgmen

wherel tBéys are@iandpendityhcoligdoral dngd naaydbesotpaired. Thousf thesdprodictdons are
oscillating electric potentials in

segnented .

remoried | fkqmp BleeliTloiecienagndagpno emﬁnorsiﬁo’iogﬁmﬁ% Ipacligns yih reagent
. i 7 i . _
on. 00, MR aPo By eBeE At A 0% R0gR sy o
produatibhs. pétkod sieps efsbemybytionseanivegsrfarmerhbly opodremere programmable
hi gher order nultipol e el ectrode as§enbl to tnaPBor .
procesiaR R oy BiEst SHMBHET ERETRRR RETOMD S TER: Qbfhe ipgaiict by operating
on ingu? Q83 land BEndPitidd RENR. MUThdd REpsi QR aGBMbeRrORBEEEE @nd @pparatus

separatel’y receive a first and a second set of ions
of theamykntian ean badoplemenied ph SPICHH PUMOSMAZIC FlENEYfe. & +ra FREA (field

sets, b onfinin [ . th i
proergginap et vhel TSl BphbBioh B B B g B e o,
[00875€t CaProdebolrd/dlfable@biths @kedutits ofifl GotPetes pogih Brludesy way

I nclude reagent ions. The first set of ions can be
of exanenlei hodelserierad agth spasal PRBREC MEHSPTPOLSSARPISHHY OFS PRMOK:

sect | £ o o -
procs B0 R ol DB aEA g prb B ST B pusions
and d&e Giton®N reddSnly DR}y dierando® aceess henfary st betht Thaessertial

separated fromthe ions_in the second, set gy
elemegisqtia) COMPPT SrLPIOPesS oL FEICHIEE GisHustiaAns qne §ng pgmore memory

devicgeg)':ﬂg%%@g’hg gfsﬁﬁéudn@ ah8 Qa3 € elch &R Ry, P AHer WML alsoHi@Elude, or be

erent oscillating dipole potentials can
operatieclg eogpled edreteive dasa ent drdrmsied Gatarel or POth, bue endnate pass storage

.confine iqns in the first set and.the second.se .
devieFoiSp BTG B, ¢ FriReerits MR T HEP LG O kon Pt ABB A Jip e nformation
came@éﬁiitebuleq{)ﬁan&%?ﬁ{\%oﬁl tdr RsRrh@NBsthudtibieardialatd @6lud®8H forms of

le, 2 200

For exanp 5/ 074004 PCT/ US2005/ 001846
non-volatile memory, including by way of example semiconductor memory devices, €.g.,

EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal hard disks or
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precursor ions can be spatially isolated fromthe

first set in the section 705, and reagent ions can be
wepaisioakdoy i sol ated fromthe second set in therPeEaSRME001846

708. [0085] The oscillating electric potentials can be

o e b SR 03 - R R0 Rl O prcesor

and th¥ ﬁfe%ﬁvr e b@éﬁ%@n@entédr@t eAthcopbraiédial @ecﬁ@llﬁﬂp(bsall@gm circuitry.
gua rupole potentials can be generated in the sections

t00881706 ando posmdqafor guera@thm@lth BMECrple WRsHtipR ganse-IRigrgented on a
and 8. Slt
compu(tg ?%%p Vlc én' é, g?R’f ﬁ&@ﬁd&é@a# ﬂ%%%g%ﬂ%?%ﬁﬁﬁtl%ﬂs?(al

eiont
dlspla?ﬁﬁbﬂutc&t fo gls@la@ﬁigr informati@ntol the ssaqané n&kgbany anchepointing device,
ont |l ens 703 and the back | ens 7101@8 gﬁ ol e Other kind
e.g., apesuen of afrackhallebyuybiehithe ysscapreyid et o thsgompytsr. Other kinds
KCHtedback
oaes Q9B (15 pLTBIECR 0 1 BSHTROL, Bl
provide@as thieaner @neany domi ofsensory f¢adback, segniswel feﬁdlwekkaudltory

pseudo potential barrier i creat titi
fecdbfSkamncll Feats ALY ERFR T BiF S e e CbhN P Rdpcluding
acousti@Spéech OBk ctil@ipht DC bi as potential. As the ion-ion

rea%tlon creates roduct ions in the first segnent,

[0089kone  Afnunhizer of cubedimients®f theyinviensiondare besnedeseribedar ge

s-t.0- rge, rati and t her e
Never B2 5 S B BB saf i b FASE RiybA acpacing
from tﬁe BEitE AlPsdobe o B AEnEERINESH exaitiply, ¢he dieps ofitles dhaéfﬁlﬁﬂeﬂethods
by collisions and nay be captured. Thus, these prodyct

can be penforaeéin 2 éﬁr&\t@tﬂ ordesmd pidl painave degiealirsali HeieRgibed

1 on er 18% e
technlﬂ%e§3 gu gﬁ&?ee rr8va Jrlllérjt {t‘ﬁ{__) orr%ﬁfgfek %ﬂ?%ﬁﬁg%é@?g?tb% eguldes that
defing¥edlirvéd iod @hhmiel wwma;sart@mmem plamasRBfion guideru@lanaomsltipoles)

andR%E&hOd s%eps of the |nvgg%%§£g$an beép $a§£ggg%ﬁ%m§&%$can
also bR {RFfefithi-a u@ﬁlrgfrﬂﬁl L8RS Rfpst he invention by

operating on |npu a a and generatlng out put. Met hod
steps can al so be perforned by, and apparatus of the
i nvention can be inplenented as, special purpose |logic
circuitry, e.g., an FPGA (field programmable gate
array) or an ASIC (application-specific integrated
circuit). [0087] Processors suitable for the execution
of a computer programinclude, by way of exanple,
bot h general and special purpose m croprocessors, and
any one or nore processors of any kind of digital
conmputer. Cenerally, a processor will receive
instructions and data froma read-only nenory or a
random access nenory or both. The essential elenents
of a conputer are a processor for executing

i nstructions and one or nore nenory devices for
storing instructions and data. Cenerally, a conputer
will also include, or be operatively coupled to
receive data fromor transfer data to, or both, one or
nore mass storage devices for storing data, e.g.,
magneti c, magnet o-optical disks, or optical disks.
Information carriers suitable for enbodyi ng conputer
programinstructions and data include all forns of
non-vol atile nmenory, including by way of exanple

sem conductor nmenory devices, e.g., EPROM EEPROV
and flash nenory devi ces; magnetic di sks, e.g.,

i nternal hard disks or

23



22 WD 2005/ 074004 PCT/ US2005/ 001846 renovabl e di sks;

magnet o- opti cal di sks; and CD- ROM and DVD- ROM di sks.
wohespreoessor and the nmenory can be suppl enerceaskops/001846

or incorporated in special purpose logic circuitry.

[ 00881 To provide for int?ggﬁ@hgn with a user, the

i nvention can be inplenen a conputer having a

digaph aVcisderdiGe, €. 9., a CRT (cathode ray tube) or LCD

(l'rquid crystal Qisplay&.npnitor, for displaying

i hf or Aanétbad pbireprengiecg WA INSKPHRIEHRE and a poi nti ng

devi ce e..g. . a.mu I I : ] t

user el ford R sRToF baf pLERE, b S EbFtn R
OfncHi@igCeBrsE 89t obeletis@its and psevond setfadreldctrbéesa titei fvst antdtshecond
a user as well; for exanple, feedbg&k provided to tge

usesy ofcedeptipdesarjanizedl iR SIS ARJeR ghanaelds diar or guile the inggdyoed
f%sgback, auditory feedback, or tactile feedback; and

.1 . .

i nplt fromthe user can be received in any form

i ncl ugdplging periodit ivoltages éeelbctrasies imibeifirs sehpfiglectfodeB8@Igenerate

A nunber_ of enbodi nents aof the.inyention ve b . .
e BE° piatiatmgc et g gaial that cqggfines OBy 5t g dimension
VAI hotm dmfhdii cations may be made without departing
fromthe spirit and scope of the invention. For

exanp kplyingeesbdip yobiiges e eldetsasies fetheseecddst ofcdgrtigdes to

performed in.a di,fferent .order..and_ st]i j

CEeRheF sedond Db P Choleli M Boiies DB ggeasta
apRbhEGinkhsPhhB khd i8R ch4@gs Or gui des, such as curved
axis ion guides that define a curved ion channel to
trap or guide ions, planar RF ion guides (planar

nl t i poe axsthodaiglamm loyWherdi cal i on pi pes. Instead of
segnent ed.,| o I '

a1 90 be. i HSBpAEEg of HidcAERR BRI Rl B sRAT clestrodes
2ioVide R woR AidQHdnt RCTHre4SRBRH4001846 CLAIMS Wat is
claimed is: 1. A nethod of trapping or guiding ions,
conprising: introducing ions into an ion trap or ion
gy! de%ThE Frf‘etﬁ&lrb difRs Aor20Whekie including a first

set of electrodes and a second set of electrodes, the
first andgesewrtionof thetfstokscillpting ¢louts paicnadlgenfings the ions
define an ion channel to trap or guide the introduced
iﬁﬂg?yapplying periodic voltages to electrodes in the
first set of electrodes to generate a first
oscillating electric potential that confines the ions

i p at Theasdhdd diclafh 104ABRREEON  in the ion channel;
appl yi ng peri odi ¢ vol t ages to electrodes in the_second
set of elgsueratideof the scepnd@seillating elecitn goteatal|cogfipgsghe ions

elecﬁric potential that confines the ions in at |east
g x1ally.

5.  The method of claim 1, wherein:

the first and the second sets of electrodes comprise elements, and have at

least one element in common .
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second dinmension in the ion channel. 2. The nethod of

claim1l, wherein: the application of the voltages to
woOheosiorsm®s and second sets of el ectrodes provPdEASR@E001846

confinenment in three dinensions. 3. The nethod of

clal 1 or eratlon f the first

o8cil | Q’E"P}?g“ aé’é’tq?ﬂ&e %?%ﬁ% S, ]ﬁ:ens the ions

radi aldtibduding THS ﬁ&hﬁ@ﬁnﬁé&i@g’@ohtw\&h@ﬁsemﬂ neg@nesidhd @b the
of the secong oscillating electric potential confines

t fom traprag iomgiidel y. 5. The nethod of claim 1, wherein:
the first and the second sets of el ectrodes conprise

e A R S0 Sh SPRAL R RERIRN o3¢

t hed PEcosdiend 20l dhepositiveand nagative iomsdue imgducesat the first end
i ncludes introducing positive ions and negative ions

i ﬁ@(btlpﬁ@conﬂ(yﬁdtqeggﬁcgye yon guide. 7. The nethod of
claim?7, wherein the ion trap or ion guide includes a

figr st 188¢h 1R BIARLPhREH thcABA thP 8r RASHEid/RcRIAss two or more

negative 1ons are introduced at the first end and t

s eextiods, éimethed fethdrweinprisigg: The nmet hod of cI aim?7,
wherein the ion ion U|de incl

sect | GRyIERs i EHGR IR PSS Bt G B RSBty BRI e
Obr [ Riddio RbASRSthe Posifie B thEBELative 161’(Lﬁnﬁﬁcﬁiel @msordkections.
the ion trap or ion guide to confine the positive or

the negative ions into one or nore sections. 9. The

mét hod hefmethgd off anyied thy preesdingyclaims; Weereliher ei n:
\ appl Xéﬂgy?yel@? p&g&il& vl %g&?ﬂ)eecieéﬁ%d 4 fiGhE Are Set aﬁ' eié%ﬁoﬁés Alludes

set of es i ncludes app yi'ng periodic voltages
Wiapflymgfperisdicivottagmsmeish a firsd fraguengyemdper i odi ¢ vol t ages

to el ectrodes t second set of electr nc

app! yi2ABL yB’érH%‘IéPHE’ ‘(quag%§9t8§9‘°\ﬂr9ﬁﬁ15sdn g@c‘“‘&ﬁ%f“fﬁﬂg E‘!%lﬁ"&f’%%s includes
t Q?%lgié% ﬁh@{iﬁrv%ﬁﬁgésrvﬁm 1 B&ohd ﬁ%@uenﬁ: G R tﬁﬁereﬁpfroﬂ_lbtﬁe first

me f claim9, wherein the |rs and second

f fiequargi es have a ratio that is about an integer
nunber or a rati o of integer nunbers. 11. The nethod

gf&\()gl g[l Faoal\'h £ cl:(;’lmn 9, vsrfll'lerefnh rtﬁc‘e ﬁl%p&dss%&%ﬁjﬁgc{u%ﬂ&gyﬁiv%sa ratio

that is about an integer number or a ratio of integer numbers.

11. The method of claim 10, wherein the first and second frequencies have a ratio

of about two.

12. The method of claim 9, wherein the voltages applied to the first and second sets

of electrodes are out of phase relative to one another.

13. The method of any of the preceding claims, wherein the first and second

oscillating electric potentials have different spatial distributions.

14. The method of claim 13, wherein the ion channel has an axis, and the first
oscillating electric potential defines substantially zero electric field at at least a

portion the axis of the ion channel, and the second oscillating electric potential
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of about two. 12. The nethod of claim9, wherein the
vol tages applied to the first and second sets of
weheistredes are out of phase relative to one aROTHSR005/001846
13. The nmethod of any of the preceding clains, wherein
the.fir and,.secon I [ ' At :
ndoroTru BT B2 A BOY M theRaReh, leaqROhRh 8 o wxis of
ofheGb@timnhdl. wWherein the ion channel has an axis, and
the first oscillating electric potential defines

RS R By K ﬁ%géﬁgeq%fcmgﬁag S8k ncludes an
gggé;ﬂg@g%%lggg%t ﬁé}&g@l‘éto? Mrkmul@Bol¥BorBfk 074004

& defines substantially non-zero

electric field at the same at |east aﬁ_ﬁor_tion of the
atbs Ghe maied dfivlghalihethereimthepreondwseidating petpafighindudes an

V\,her.ﬁi n tcﬂg‘)lfi rtst .qscillating potential includes an

o QRG4S aa%&%l‘iﬁ%m e, hexapole or larger nultipole
potential. 16. The nmethod of claim 13, wherein the
segondhe swdthddedf ang o dieeptieading dlainspwheraim: osci | | ati ng

di pol e potentjal. 17. The nethod of .any gf t he :

pr ecedirnfirsems segond proliaing gﬁ’ﬁ@cfﬂof‘eélflggr‘?& Bg & gRgpdopotential for
o%&éhl(]ga?ﬁcltu@zg n%s? d Eﬁargé%ﬁt'% bt R1udef 1088 s@h that each of the defined
pseudopotent' a or ach particular mass and charge
opsdudepatattiadcspeeifics amsrrsyponding asevdapstential hawied efongdl ion
pseudopotenti al s specifies a correspondi ng

p§ gotential barrier along the ion channel. 18.

The nethod of claim1, wherein: the first set of

ehgct redescthAchsigm B whakial ity of rod el ectrodes.
19. The nethod of claiml1, wherein: the second set of

el ect tlowifirst sat of elgetsodes pnalpdes ppjuralityod gokpleetredsdes .

20. The nmethod of claim 1, wherein: the second set of

el.gctr i ..ore plate ion |ens

ellg'ct r@gg%th&g%@ﬁ?eﬁﬁﬁ?%g' of claim 20, wherein: the
secondhs&iconf setbéelettpotis inahndes dgduralityiof sod glectraies.on

| ens electrode at a first end of the ion channel and
a_second plate jgon I ens el.ectrode at a second end of
tR&: | en&q’?ﬁ‘r‘Fﬁ%ﬁl‘ﬁa‘@f’ YFSBhar at us, conpri si ng: ‘a

first felecaiilsd of Bleeslics fhcl@fes 8he6f ﬁqﬁﬁﬁﬁatetibﬁ 1ehnk EREtrodes.
and second sets of electrodes arranged to define an

ion channel to trap or quide ions; and
21. The method of claim 20, wherein:

the second set of electrodes includes a first plate ion lens electrode at a first end
of the ion channel and a second plate ion lens electrode at a second end of the ion

channel.

22. An apparatus, comprising:

a first set and a second set of electrodes, the first and second sets of electrodes
arranged to define an ion channel to trap or guide ions; and

a controller configured to apply periodic voltages to electrodes in the first set
and the second sets to establish a first oscillating electric potential and a second

oscillating electric potential, wherein the first and second oscillating electric
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a controller configured to apply periodic voltages to

el ectrodes in the first set and the second sets to
wezv@Emsmh a first oscillating electric potentpai/uandsmao1s4e

second oscillating electric potential, wherein the

leﬁét%t %a?ag%,v e‘%@’ﬁg&%{%ﬁ (g%lfg‘%%&ls {1 I?ﬁl‘% 1or\{\.%])1§1vtge ion channel in

difdi e bxiaPa@itdcBbng ir&dpedtbiety.ons and confine ions in
the ion channel in radi al and axi al directions,

respectively. The appar at us of m 22, wherein
t B3 cdhe iaapair@ius pgcleaﬁez Leinihe %P&&Ober IEQPP%%‘FE‘? to apply

Vﬁ!eﬁ(?(ﬁce Soltde % Rems @Et ey le%{rg&ésrtQ g@&ﬁﬂeoslﬁﬁﬂaﬁéoﬁsly tposrcl_ve and
st nul taneo positive and negative ions in"the ion
C hegutiet ioms i dtehon atlarmle! mridtharadil and aael dicacsion4. The
apparatus of claim22, wherein the controller is

[ e nd Pepair g B B Ly B 10Ty bRofnied R

f r equgpgly peRAbdicaBRhYesRE Elcbted des VDI dRSSset 6f QERRIICOWAR a first
in the second set of electrodes with a second

fiﬁ@qmywlldhat is different fromthe first frequency.
25. The .ap t Us j rein

secon &Pl?ll}’g% ﬁ |V8gg% 6813% @fgg@rrgcfé 8 s@fcﬂld Slg{e%if él%&}od@@&iutha

| BécREe frefudHee thadlis éiffeRint Gonfthe it gequeneybers. 26. The

apparatus of claim 22, wherein the first set of

el ectrodes includes, a lurali d eI t rodes.
525 TiHbo appane ALcim 24 hran e it andicernd Beiaies beve a rato

l}a? LU LR g@Phﬁiﬁ@ér R a 6 BhideYr AfmBee el ect rodes

Ining a second portion of the i'on channel. 28. The

apparatus of claim 22, wherein the second set of

eD6ct Thd@ppirais oficksim A2, whereimshefist setof elsatrodasgncludes a
ct.rod The apparatus of claim 28, wherein the

s@ggﬂHYQEFX%%B%?ﬁ%frodes includes a first plate ion

| ens electrode at a first end of the ion channel and a

segondhgla f)ﬁatuﬁ Bf bl%ﬁﬁ 22 e\kzﬁﬁélﬁmﬂesaﬁbn@sa@f el&ﬁtr@cm‘d indfludes a

t he i on channel par at us, conpr|3|n%

t Borelitnof !%Qdo‘ﬂéfitfqd@ﬁ d@firaag B Becogs) pgtiioae! KagoRG gonel.

plurality of electrodes; a controller configured to

apgl y 1yl %g:ﬂ%ﬁle%? cﬁﬁj“r 92 oitvhérgﬁ tht é’erc@hdl kot o@%lecﬁo@&tlﬁ&g&e% one or

t0 separa fon trap or 1on guide into nultiple

t magpplag ioedesrdsctroded  trappi ng region spatially
isolating a set of ions 27 WO 2005/ 074004

P /U 005/ 00 | f
C ggp%raglg Bg Vﬂna r i i}%ﬁcg& ogu eg&oc{es includes a first

plate ion lens electrode at a first end of the ion channel and a second plate ion lens

electrode at a second end of the ion channel.

30. An apparatus, comprising:
a two-dimensional ion trap or ion guide having a plurality of electrodes;
a controller configured to apply voltages to ones of the plurality of
electrodes to separate the ion trap or ion guide into multiple trapping regions, each

trapping region spatially isolating a set of ions;
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fromones of the plurality of electrodes to cause sets

of ions in different trapping regions to interact.
wG2o0s50heoappar at us of claim 29, wherein: the secs/ust00s/001846

ions conprises at least ions of a first polarity in

one trappin regi on ' Ql ar i i

anot her (PRERF BgrBactuiss ol BN AARHAY} iddds o or
3@om iRk Of the fliQligostditodes to Salisersetiaf iaerihidpffsrest tiapping
facilitate mani pulation of ions in one trapping

r (RPN e Epe@gk el y from those in another trapping

region. 33. A nethod for operating a two di nensi ona

ion trap or ion guide having a plurality of

eBect Mhd appartine offielahn @9 cwlngreinsi ng:  appl yi ng vol t ages

to ones of the plurality of electrodes.to separate the,
on "t apihe Agts o PR aeR ab b GOy Aot PAGER in one taping
t | 1029 seRlipdldrity InsRbdick Bep@ng 8lgigf. 1 ons;
i%%@%%%%%%ggg ?ﬁrst g@t o¥ I ons int%ﬁggsé%tion of the
ion trap or ion guide; introducing a second set of

i Qns i.nto _anot he ecthon of. the ion trap or ion
gggdeggpéﬂﬁVWWQOEH%HQBpf% ¢¥% rom the ones of

el eghg esiefollePid MG onfb@eatd faellfate BENWRARIInhT ibrs'ifilone
and the second sets of 1ons. 34. The nmethod of claim

38appihe region sephetdly from these igfanpthastraxigg 1889 pr ecur sor
ions and the second set of ions conprises reagent
ions. 35. A nethod for operating a two-dinmensional ion
t BAP O micthdddoll Sleerdtiig aigroadimphsiomdl idrytraf ordbe gtiide tasing a
the nmet hod conprising: introducing a first set of ions
i plusality of plepiredespthe misthad YMPEISINg: i nt r oduci ng a second

set of ioQ I | O ' i de- .
2005/ 0740 ?’é@r%&%&%@/ Sk gggleﬂ%%{?@'i ‘ﬁé‘%ﬁ‘f’ ?%Sstg S g@éate the ion
orep irad nivigple trapping dezionspebpmpping regien spatmlly iobating a set of
mul ti ple trapping regions, each trapping region

spdPially isolating a set of ions; manipulating the

first setjnghai a SR A& edn ifitb A8t idh SEAO T 88 orQbn guide;
ions. 36. A nethod for operating an ion trap or ion

gui de havintrgducing usetbnd yetof ionsiafotanoiessesion pf eiieti mep or ion
at_least two trapping regions, the nmethod conprising:
aﬁﬂﬁ ing voltages to ones of the plurality of

el ect r odegmb@indehé A6lpss AbM thflondd dTSRIEEONG! 18 RiduRE interactions
barrier for each particular mass and charge of an ion;
between the first and the second sets of ions.

34, The method of claim 33, wherein:
the first set of ions comprises precursor ions and the second set of ions

comprises reagent ions.

35. A method for operating a two-dimensional ion trap or ion guide having a
plurality of electrodes, the method comprising:
introducing a first set of ions into the ion trap or ion guide;

introducing a second set of ions into the ion trap or ion guide;
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introducing two sets of ions into the ion trap or ion

gui de, the sets of ions conprising precursor and
woeagatookons; and enabling the two sets of i ORETS2005/001846

i nt eract to produce product ions in at least a first

of the at ast (%Qg?% tro%[ﬁ é OBnE gﬂ:. ﬁlgfe's (56 ?«%)are}t? the ions into

pseudopotagﬂ e| ng se

- PRUItpMrApid R g8 ésch traplﬁﬁg rdpdoti spatisily fsoriiagt skﬂ ofadnse
energy to pass t hrough t heir aSSOCIa

pseudopotesnipdptingthe firs setiod iQps SAPARE sfg?@tth%w)%d set of ions.
second of the at |east two trapping regions; thus

egabl ing 4 BRaRGEHG erktRIdS: n\%ﬁt} Bf fongd hdﬂr{ge; pifirality of
gL pertidies

energy to no longer e “expose to furt reac ion
welkdtrodea gripravidisg atd8ast two trapping regions, the method comprising:

applying voltages to ones of the plurality of electrodes to define/establish
a pseudopotential barrier for each particular mass and charge of an ion;

introducing two sets of ions into the ion trap or ion guide, the sets of ions
comprising precursor and reagent ions; and

enabling the two sets of ions to interact to produce product ions in at least
a first of the at least two trapping regions;

the pseudopotential barrier being selected to allow a portion of the product
ions having sufficient kinetic energy to pass through their associated pseudopotential
barrier between the first and a second of the at least two trapping regions;

thus enabling the product ions with sufficient kinetic energy to no longer

be exposed to further reaction with reagent ions.
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