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[0001]The present invention relates generally to ion optics for mass spectrometers, and more
particularly to"Pd8WEEH3? confining and focusing ions, while minimizing h&FHUPHIRPEHEELS, in a low
vacuum region. BACKGROUND OF THE INVENTION [0002]AtfamasRdhsket e Ales X -

designers o TR O DYNAMIC OR ELECTRO-STATIC LENS COUPLED TO A
STACKED RING ION GUIDE

FIELD OF THE INVENTION

[0001] The present invention relates generally to ion optics for mass spectrometers,
and more particularly to a device for confining and focusing ions, while minimizing

harmful field effects, in a low vacuum region.

BACKGROUND OF THE INVENTION

[0002] A fundamental challenge faced by designers of mass spectrometers is the
efficient transport of ions from the ion source to the mass analyzer, particularly through
atmospheric or low vacuum regions where ion motion is substantially influenced by
interaction with background gas molecules. If stacked electrode structures are used in the
first vacuum region after ion introduction via, for example, an ion transfer tube and the
ion transfer tube is too short, i.e., it ends before the thickness of the first electrode of such
a structure, ions at the entrance experience strong fields which are often detrimental to
the transmission of one or more multiply charged ions. It is to be appreciated that even a
small manufacturing tolerance of less than about 0.002 inches in the length of the ion
transfer tube can cause large transmission losses for multiply charged ions. Another issue
arises when the ion transfer tube, after being temporarily removed for cleaning, is
repositioned at a slightly different distance with the first electrode, which can cause large

differences of the multiply charged ions.

[0003] Background information on a lens design for focusing ions is described in
U.S, Patent No. 5,157,260, entitled “Method and Apparatus for Focusing Ions in Viscous
Flow Jet Expansion Region of an Electrospray Apparatus,” to Mylchreest et al., issued
October 20, 1992, including the following: “In summary, the function of the tube lens is to
shape the electric fields in this region so that the ions are forced down the jet centerline,

thus increasing the ion fraction captured by the mass spectrometer. Not only is the ion



efficient transport of ions from the ion source to the mass analyzer, particularly through atmospheric or
low vacuum regions where ion motion is substantially influenced by interaction with background gas
molecules. If stacked electrode structures are used in the first vacuum region after ion introduction via,
for example, 3P iBHUURERY tube and the ion transfer tube is too short, i.e. PRERSNHAHRSIhe thickness
of the first electrode of such a structure, ions at the entrance ekiierraycBastkshiiicld6SMHEHBLT often

detrimenigl ey dFRIIatni By ofGLeRE Y RIS BLIRYLABALBEd aRS. WS IOrHRR PRRIEFIRIRG that even a

small manufacturing tolerance of less tffan about 0.002 inches in the lengt e 1on transfer tube can
cause larg& exgencdsuigie lobtesifor peahipiftehthgeliiomerin otreriseutharisepedien ffoeniarfksansfer

tube, aft i rily for.cleaning. is repositioned at a slightly different distance with
the first I[;é{):%r e, v@ ic taicga%éﬁelgé\%%e argéh éslffeelaelﬁgcééh:(% o t?pﬁ%uéﬁgreggé‘&%%?ﬁjs}? Background
informatiefecinia fiehd gesigamtsofothusings tormmissitisofitecsititdSeRatepésNDe fohb f260gRnAtded

"Method and. Apparatys for Focusing lons in Viscous Flow Jet Expansion Region of an Electrospray
Apparatu(s)l,""?fg y%ﬁé—i\%‘é it fﬁ%@ﬁgﬁ%@%ﬁ%% %ﬁsiﬁgtfﬂﬁ} %ﬁ@%&]‘ﬁ@ﬂﬁé@elwgummary, the
function efdfeettties i@osristeeshopetHicoeifelicdoidsdnillisciRaipbseHifal shadrngsaraiorgaddown
the jet centerline, thus increaging the ion fraction captured by the mass spectrometer. Not only is the

ion WO 5816 A ARG B IRA NS $Y GsWiks 1rme hasdamrertesified by

the focusipghastion s HredapsafikaRNe! z@?B?fg%iPéa%ﬁQ%iﬁdpgquP{ﬂQence angle of the ion beam
after the skimmer is narrower than expected from a free jet expansion. It is believed that this reduced

divergen urs because the strong electric field gradients on the upstream side of the skimmer
propel thig%%% th rougclg?ﬁ %ﬂﬁé‘é& &5}3%‘%&% %8\?@?5?%%@%@%? AT S SRISYERY 2PRR means
the ion trajectarinel dewnsitpameiine fifise arenaerelidluencaey. Wiesr syadienisithapdy the gas
expansion from the skimmer. We have found that use of a tube lens has increased transmission of

ions into (PSR Aeasyibede sae dexiae Aeserikes thotomBsirdes aramisudamdslosckfacked electrode
St QAN SRIOT HETRLIG TR B55 ARG IS, BRI NR8 107,628

Smith et al. Generally’described, the device described therein includes a multitude of closely
longitudiraliyassacddhidenisetio deeravithy ghertnadestine dlecrdenilyitselateft drotheachtrihes of the

device to_}s{eXif 1! GlFOdeS RIS ically i (ﬁl 0 ch other, and radio-frequency (RF)

voltages are appﬁlﬁgﬁe%gctrgges%%g r%%éxgrﬁ)e%&%%g%eengrgéﬁgﬁ%ﬂ |IB ﬁ)prlé%r’femyec(:g(;ﬁ iR& the ions to
the interioeletitrskip/toeatifdetatifiely thegempertineiniesiat dictdedicscenhacel phiovigdarfar a large
ion acceptance area artlgihtgg gpgresswelg reduc(?d ?geétyre size creates a t%ggred field having

a fieId-freeg}%né“etﬁgtéuaecreases i g?grrﬁ‘gFer%g‘ﬁb e difecish ‘oqnlgﬁct?gmcﬁ i ng ions to a

narrow beaogwbsbhelpaydoesdosppassedity enghdhe ‘Appeiud”dRB Skimmneios atheldelaairasiatic lens
without ini;}urri alarge d Eqi%e ofién Ios§les Refinements to anfl variations on such a device are
described 1At E‘%?e?ﬁ?-p*fé 1€ % AlOPg the BERCHER o) SR wtlafhaeBy FoREFINEdORS (84,321 to

Franzen, riaPrORibdith %R, 23 tehBikep daalinigoupnc He iparet Al of WOEWIRE! S ihe Masses:

Experiments and Simulations with a Simplified lon Funnel”, J. Amer. Soc. Mass Spec., vol. 16, pp.
1708-17 BIe@tgtic lens without incurring a large degree of jon losses. Refinements to and

variations on such a device are described in (for example) U.S, Patent No. 6,583,408 to
Smith et al., U.S, Patent No. 7,064,321 to Franzen, EP App. No. 1,465,234 to Bruker
Daltonics, and Julian et al., “Ion Funnels for the Masses: Experiments and Simulations

~ with a Simplified Ion Funnel”, . Amer. Soc. Mass Spec., vol. 16, pp. 1708-1712 (2005).

[0005] Additional background information on stacked ring electrode structures
can be found in U.S, Patent No. 6,417,511 B1, entitled “ Ring Pole ion Guide Apparatus,
Systems and Method,” to Russ, IV et al,, issued July 9, 2002, including the following: “The
present invention provides a novel ion transport apparatus and method that can be used

in mass spectrometry. The ion transport apparatus and method comprise a ring stack that
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[0005]Additional background information on stacked ring electrode structures can be found in U.S,
Patent No. 6,417,511 BI, entitled "Ring Pole ion Guide Apparatus, Systems and Method," to Russ, IV
et al., issued July 9, 2002, including the following: "The present invention provides a novel ion
transport app‘g%)éﬂéb/gﬁﬁ%ﬁethod that can be used in mass spectrometry. P/ B¥ PR8I~ apparatus
and method comprise a ring stack that WO 20101045123PCHtSnep$odex Mo AIGmODBEKEL No.

3965WO&J&&H§K€§@@%Bﬁ@@;ﬁ:@.@i@%g}ﬂmq{{&mmmdtﬁ@?&%ﬁ@iﬂ?a@qugng and

confinement advantages of a conventional RF multipole and the advantage ot an-axial field of a

conventiGREfEEIRBE HhGrhtRaes G i ATuvepRiionaldd B Rliin@e badkgroaddanfegmafien axiaimilar but

different ﬁgmigg@mm%ﬁgjlgg&@gm% %SHF()@%%%H@- can also be found in co-pending U.S.
Patent Application, Serial No. 12/125, 013, entitled lon Transport Device And Modes Of Operation

Thereof,” filed May 21, 2008, to Seriko et al, the disclosure of which is incorporated by reference in its

entirety. E4€Rlan appliEHﬁ%?M@%’W@f@WH@H@@imﬂﬁrmtﬁfﬁ%ﬁapgmﬂmmrovided
consistingngf acpiuealibe péaariusiteleciipdes uhishaus spanadapanalonghedopgiiydinal axis of

the device. The electrode aﬁertures define an ion channel along which ions ave transpgﬂed between
an entrarftePAisationeSeris the devit®d A seitidlesyiqe. GrarsoroRagscsobire Muodisl€F to the
electrodes,stppliespscillptopy \ﬁ)}\gﬁgpﬁl a jat e relationship to the electrodes to
radially gﬁfine the ions. In'ord%r to rovﬁ?e@gégg%%g%? igtngsnt%ﬁ[%gﬁ écéir?tsélrﬂﬁgfto‘ﬁﬂ‘é &h channel near
the devideesxipottaéesiay refeennemitidiatieetye Botiode a ppdiestses indoeleiratignetipgtravel. The

relatively L inter-electrode spacing near the deyice exit.provides for proportionally increased
oscillator#ﬁ%%?&é?w‘étr%é%?t e ?/%f%%‘ﬁﬁ%% Pﬁﬁ@r‘gﬁaﬁ‘é‘f LES Rtl?la‘i‘éloé ohkaBetERshgitudinal
centerlinelethedesngrhiuHes épheedsqitietailyng the esnpiay A EAROSAIKY AEeRH dN S GARPRET
stepped manner in.order to 0 tiar?ize tréér\lsmission of certain ion species or to reduce mass

discrimirfRion SREER0E 3R 1218, Which igesiare Ranhutasheeesag enstasisehannel,
may be ciedtaddxtaprhini-aise!h Beilatigeg 0, Re)’lsaipeesuR00sMAle SyRb structures in the

above mentioned background disclosures have
electrodes, supplies oscillatory voltages in an appropriate phase relationship to the
electrodes to radially confine the ions. In order to provide focusing of ions to the
centerline of the jon channel near the device exit, the spacing between adjacent electrodes
increases in the direction of ion travel. The relatively greater inter-electrode spacing near
the device exit provides for proportionally increased oscillatory field penetration, thereby
creating a tapered field that concentrates ions to the longitudinal centerline. The
magnitudes of the oscillatory voltages may be temporally varied in a scanned or stepped
manner in order to optimize transmission of certain ion species or to reduce mass

discrimination effects. A longitudinal DC field, which assists in propelling ions along the

ion channel, may be created by applying a set of DC voltages to the electrodes.”

10007] While such structures in the above mentioned background disclosures have
their benefits, there is still a need to minimize positioning and deleterious field effects
produced by such stacked ring structures when coupled to ion transfer tubes (eg.a

narrow-bore capillary tube) as known and understood by those skilled in the art. The

present invention addresses such a need.



their benefits, there is still a need to minimize positioning and deleterious field effects produced by
such stacked ring structures when coupled to ion transfer tubes (e.g., a narrow-bore capillary tube) as
known and understood by those skilled in the art. The present invention addresses such a need.
SUMMARY OF THE INVENTION KG88Jsrmboaiments pithenargsent invention are directed to a
device, method and system for improved transportation and focusing of ions in_a low vacuum or
atmodPH@¥lc-press B PagiREBIEath RS BB?E%:‘H@F&FTH%IBB%S%@%%O\‘}%I TRy Brdheorirore
electragytaamic: Gnghe @dMarssplaeitstalia fReusing nees ththadikshalerEods atasiarked ring ion
guide (SRIG) to which oscillatory (e.qg., radio-frequency) voltages are applied. [0008a]in one aspect of
the prE&EEIRVERISH Ot FaAS pidER S dRtHHBRJ edléW&%,C@&ﬁ%&%m@%%erom&smm-
electretgherainier ohelectransiatic facuingflensas qenplehitha first dlectiiode a-pluality efpngitudinally
spaced a%%(régig trodes that i combénation with said one or more electr?,-d%/namic or electro-static
focusifg' U EHHEISA RS RSN ST BrdR g T ERYERS MR Ber SRR S ion transfer device having
an outlet end configured so that said outlet end is moveably positionable at a location which is
betwel8ajosition lnhioh isfrrsloinhh thestrorinsentaoe didtweifistotdalhonendrangperéléeticedynamic
or electro-static focusing lense before the k.surf esired said one of more,.
clect B A S e LRl W o apry
oscillatbaprediagdutalist dstagipohtet of aieHoras eindredde thes-dyrrantitidivses idmdagdichplurality

of eleglrogs, QARCARUAYE SPWESLOIIURAIGAPRUAD Gvllage | actﬂ%&%?oc}(g%kﬁéﬁaid one

or more electro-static lenses, said one or more electro-static lenses being coupled to sdid plurality of

electréeissthrivbigciispliatl ardillatorpsioldgess widrg e padieiebévedigadibeenhaisaifbdededf said
plurality, 95 LIG6HORES CIRRSESILINEIGLRRHIPR RLPR FanelI0908R]pRe clisallyandinatRgiance

with an embodiment of the present invention, an ion transport device is disclosed that includes
electrotelyhaimiecorad| Eetrorstaticsrieusinglemses elsapied toarstaek elb@lectiviie formasnrgdenvhich

collectiygly.gefineranion channe! sfopgwhich ions MayReditecidns shanarRNIementis;also

beneficially coupled to an ion transfer device, e.g., a capillary tube, having an outlet end configured so

that tHOWSHRE RaeR tapablosiiFimy ponEseaiseredisa o sn Hudiviosclirome rlirgsudate of the
first ofithe diseleRRiPR&IQIIMOLE SlBrirouAmictie iRl staticdRcpRindiensea Rdbhsfarethe back

DC voltage source configured to apply a DC voltage to at least a portion of said one or more

electro-static lenses, said one or more electro-static lenses being coupled to said plurality of
electrodes having applied oscillatory voltages; wherein spacing between adjacent electrodes of

said plurality of electrodes increases in the direction of ion travel.

[0008b] Specifically and in accordance with an embodiment of the present invention, an
ion transport device is disclosed that includes electro-dynamic or electro-static focusing lenses
coupled to a stacked electrode structure, which collectively define an ion channel along which
ions may be directed. Such an arrangement is also beneficially coupled to an ion transfer device,
e.g., a capillary tube, having an outlet end configured so that the outlet end is capable of being
positioned between a flush position with the front surface of the first of the disclosed one or

more electro-dynamic or electro-static focusing lenses and before the back



surface of a desired disclosed one or more electro-dynamic or electro-static focusing lenses or
moveably positioned before the front surface of the first of one or more configured electro-static
focusing lenses. [00091In one particular configuration, along with other beneficial arrangements as

disclogggdaersin, anpsgiliaiansyeirgeishprlieddoatiieashr BPHIOR QI RBONR- @B ses or
electrodynamic lenses and the plurality of electrodes to result in the minimization of deleterious field

effectSENEMEN @SLIHBRRE P RALBE frafars ab St Honaer mertRcafigr st dieptss¥atimvention

SO as ﬁgcdmggtlgageg_ansportation and focusing of ions of various charges along a desired ion channel
path. As another particular configuration, by having an applied DC voltage to one or more lenses of the

present invention results in an, electro-static configuration sg.as to also result in the direction/
ransbion and S Bg ST IoRE o CARGUS A QLo HONATS el cAn P BaIR HO Eo11n
anothdisabpedthef¢he preseiiaiove vidiagthie epigipdovidethastagss Spe cif dmetsr ocanapeisingran ion
source; a mass anal)éz%r'ﬂgndlthel bo¥e1iort1rtr(9nstport dﬁvjc located intermediate jn an ion path
betwee%nt e ion source and ?h%r?nggs? a%gfyzoer?si noa]i?ggrd]all}]eg?aewﬁﬁ an%%ﬁgPé)r% %?8|%%O&S%?%E% present
inventidiecs ek speptronceiog systelenis dfstlesketlbvrtlinetutiessive metreincentpligind presortmore
clectihyuhinanic o1 sieeliorialc oysing. eases o e I fieelpds ol SRged dnajop ouide
(SRIG) to which oscillatory (e.g., radio-frequency) voltages are applied.

desired ion channel path. As another particular configuration, by having an applied DC voltage

to one or more lenses of the present invention results in an electro-static configuration so as to

also result in the direction/transportation and focusing of ions of various charges along a

desired ion channel path.

10010} In another aspect of the present invention, there is provided a mass spectrometer,
comprising: an ion source; a mass analyzer; and the above ion transport device, located
intermediate in an ion path between the ion source and the mass analyzer. In accordance with
another embodiment of the present invention, a mass spectrometer system is disclosed that

includes the novel coupling of one or more electro-
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100111Disclosed herein is a method for transporting and focusing ions within a low vacuum or
atmospheric pressure region of a mass spectrometer is disclosed that includes: providing one or more
electro-dynamic focusing lenses electrically coupled to a first electrode that comprises a plurality of
longituginathicspadgechapastielectiopigddhatsaambibationwib Hhe eneREmaEGisaiia:ERaT)iC
focusing lenses, define an ion channel along which ions may be directed; positioning an outlet end of
an ionSrifeeBseliriendtvedn HeriepastbRoNse s AR & ace of the first of the one or more
electro-dynamic focusing lenses and before the back surface of a desired one or more electro-dynamic
focusifigighses; anDiagpbeith hesdillatarynwaliageetothepneing modefalasing-dymamithiacuding lenses
and the plurality of longitudinally spaced apart electrodes to generate.an,glectric field that radially
o o SR G G e e BT ac relas et G TR B rection
of ion prawvedif@0dR] Distlosed dtreidvisanndtivodifer ars pdeting aliy foepkid gdanSretitltackdw
vacuup.or.aimeseheris prassHre calon gl mass snecliomelel s disdosed hatdachides: providing
one or more electro-static lenses &l ctrlcaﬁyyc pledto a first efectrode that comprises a plurality of
longitwdin allyspacde-apatielecirddessthatlmesnbifiatien withdeonieabrnyg orbieltectrs-statidocusing
lenseggefing anen shannel aRad s iensmax.ps direeied Rosifionia.an. sulist andofan ion
transfer device betweenta Hus position with the front surface oFthe‘?lrst of the'one or more
electréronativfiacasindudirse sfdhd bedorertivechdertsudfaueot dodesingdanesamhbefortebi bstatic
focusingienssp:-AaRMING RE acligiancioiadsin el ehianallidaaly shacedanar
electrodes; applying a DC voltage to the one ormore electro-static focusing ge having a ﬁxed DC

voltageoiiages teethteehtoothe peal RiFahplitdeappiing knacfirsdeths pfthelighuehlepgitudimithdinally
spaceggmtaﬂa%@t@&%%a&dtﬁwogag@mrgﬁ%@&@!@ﬂ&& figld atdiallycenings lopgaviingge ion

channel; and increasing the radial electric field penetration in the direction of ion travel. 5 L00131In
any afagehand Beretsiguddicdiefelesriintt pepesntisning heodireiosfahisnigekssed ion transfer
instruments as per embodiments of the present invention are minimized by the coupling methods/

appargigezjand systemsRbdBaeasentinmventianion weldiionasiream el UsIRSviaHralsand
undesolvated droplets to the downstream, lower-pressure regions of the mass spectrometer are also

reducSABY RSB NSTT P o snTIHY JRREHIRG THE TRt dR T lRsGIE Rk LpEst to the
ion trgnepatige\ice entrange ansttaietally qliseltingeelaciiode.apsituras relative 0-apsdsrasof

aclce leciodes toock 3 neol 5gt path BRIEF PECCRITIION OF THE DRAWNGS
or more electro-static focusing lenses, define an ion channel along which ions may be directed;
positioning an outlet end of an ion fransfer device between a flush position with the front
surface of the first of the one or more electro-static focusing lenses and before the back surface
of a desired one or more electro-static focusing lenses; applying RF oscillatory voltages to the
plurality of longitudinally spaced apart electrodes; applying a DC voltage to the one or more
electro-static focusing lenses having a fixed DC voltage that is related to the peak RF amplitude
applied to a first lens of the plurality of 1ongitudinélly spaced apart electrodes and thus

generate an electric field that radially confines ions within the ion channel; and increasing the

radial electric field penetration in the direction of ion travel.
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[0014]FIG. 1 is a schematic depiction of a mass spectrometer incorporating an ion transfer tube/ion
transport device constructed in accordance with an example embodiment of the present invention.
[0015]FIG. 2A shows an example cross-sectional view of an ion transfer tube /stacked ring ion guide

(SRIGpewspngemenh wiheesianbenauiletendeaibinerion traasienithe eResosriorme Wik sidrtace of the
first electrode, of the SRIG. [Q016]FIG. 213 shows an example cross-sectional view of a novel ion

transfEtutbEchoi dr 4R p BTG dBSTRaNGEM &ft BT HERIESIRTHR &bt WFRsrSh TheBHAR ¥d of the
ioln transianixhe is rlﬁ\é[/ mg&t@@eﬁgﬁ%habptmﬁmdﬁg,fmm apetdhe bﬂC&étiﬁiﬁﬁﬁﬁBfiﬂv“é}iﬁlé%[ fiirst
electrode of an SRIG, [0017]FIG. 3A shows an example mass spectrum of the hexa-peptide ALELFR
obtairfs R HEBRIEE &JBFE?Fé'iBﬁW%%%}%tdB@rn%%?h‘fﬁﬁﬂsgﬁ%?ﬂ%tﬂrﬁ%E}H%{b‘é*bqﬁﬁ?elﬂ%‘frélectrode

of the HRKard00EBIH Gf 3 showsspantass spectitalof ibewwamehexadgeanpijde AtdilkRanayebtained
angularly offsetting the ion transfer device with respect to the ion transport device entrance and
laterally offsetting electrode apertures relative to apertures of adjacent electrodes to block a line-

of-sight path.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a schematic depiction of a mass spectrometer incorporating an ion
transfer tube/ion transport device constructed in accordance with an example embodiment of

the present invention.

[0015] FIG. 2A shows an example cross-sectional view of an ion transfer tube /stacked
ring ion guide (SRIG) arrangement, wherein the outlet end of the ion transfer tube ends before

the first surface of the first electrode of the SRIG.

[0016] FIG. 2B shows an example cross-sectional view of a novel ion transfer tube /ion
transport device arrangement of the present invention, wherein the outlet end of the ion
transfer tube is now positioned therebetween the front and the back surface of a thicker first
electrode of an SRIG.

[0017] FIG. 3A shows an example mass spectrum of the hexa-peptide ALELFR obtained
with the outlet end of the ion transfer tube ending before the first surface of the first electrode of
the SRIG.

[0018] FIG. 3B shows a mass spectrum of the same hexa-peptide ALELFR now obtained
with an ion transfer tube/ electro-dynamic or electro-static focusing lens/SRIG configuration of

the present invention.



with an ion transfer tube/ electro-dynamic or electro-static focusing lens/SRIG configuration of the
present invention. WO 2010/045123PCT/US2009/060243 Attorney Docket No.
3965W01/PCT DETAILED DESCRIPTION OF EMBODIMENTS [0019]In the description of the
invention her%llﬂ,zﬂligﬂﬁﬁlférstood that a word appearing in the singular enddm: %%“ﬁ%ij}ﬂural
counterpart, and a word appearing in the plural encompasses ﬁé‘%ﬂﬁﬁﬁ?ﬁ&&ﬁ R3S RLE Slplicitly
or explicitly understood or sipEefANEIWVISESERIPITONDE EMBISIINENTE for any given

component or embodiment described herein, any of the possible candidates or alternatives listed for

that com t may gengrally be used individually ar in.,combination with one another, unless
implicitly 8rex licitly urﬁ%g?gtg%s oP i%‘%eof E) é?%%‘e&%&loﬁf%lﬁlaﬂyslmﬁeﬁ%t%%éﬁ@fo%ﬁ’?ﬁ t any list of
such candisipdesing alteoativeslis snetehypilisisisativplural douifiegpdptpsadrplieily aisplicitin
understoo% or stated otherwise. OOZO%&eover, unless otherwise indicated, numbers expressing

quantities 37 FIGFEL R BASER e IR AT BUTETNLURT ST RHEH st Pie ipUadesiaerand
claims arerg:hedrdessivied. SuitRtienaied e athedaimnabritarfosridinghnpiliess drdicated to

the contrary, the numerical parameters set forth in the specification and attached claims are

approximaBisTimsryhdsscaRPddisarithrant e e owihies andidatrecs aligrnasivesdistam &r by the
subject maiee ﬁ@msgeganéegﬁftgg%mdmam&ﬂéx% @éﬁmﬁa@o&i{%m%ﬁgaﬂsﬁlﬂgg of the

doctrine of equivalents to thé scope o claims, each numerical parameter should at least

construedHergH R e lisitoponder siopfienstatidietheniseapsiditipoatindtyidurriing
techniaues, Nathetageing hat drenusiiepliande s Al RARTE RIS 3RHINA fadh DS BEoad scope of
the subject matter presented herein are approximations, the numerica Values Set ToHH I the specific
exampledian#irep ondesaspéicishl pnexpdssthlaAley stomdaricaibvedusthdnaxisever, inherently contain
certain errors necessarily resulting from the standard deviation found in their respective testing

measuremaal. CenerRiRESCHPiMless 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
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 to limit the application of the doctrine of equivalents to the scope of
the claims, each numerical parameter should at least be construed in light of the number
of reported significant digits and by applying ordinary rounding techniques.
Notwithstanding that the numerical ranges and parameters setting forth the broad scope
of the subject matter presented herein are approximations, the numerical values set forth
in the specific examples are reported as precisely as possible. Any numerical values,
however, inherently contain certain errors necessarily resulting from the standard

deviation found in their respective testing measurements.

General Description

[0021] The present invention addresses deleterious field effecis and/or
repositioning problems of desired instruments that utilize stacked ring ion guides by

generally positioning the outiet end of an ion transfer device (e.g., a narrow-bore
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[0021]The present invention addresses deleterious field effects and/or repositioning problems of _
desired instruments that utilize stacked ring ion guides by generally positioning the outlet end of an ion
transfer device éeaﬁwa narrow-bore WO 2010/045123 PCT/US2009/060243 Attorney Docket No.

[

3965W01/PCY AP fdbe) to be at least flush with the front surface andbERTERENAEK surface of
the electro-dynamic or electro-static focusing lens or collective ?b'éﬂ‘é‘fﬁﬁ Rarkefr e eI Rehtion. 1t

is to be apppltiateddbe)tisinilat koafigusiinng aeRundJarsacpendinart-SuRatenk Applicatipp,Serial
No. 12/125, 013, entitled lon Transport Device And Modes Of Operation Thereof," are to be

incorporafet B reridnde Herlsrin-tetnireuringionspe satired va @ﬁ%ﬂ&i@ﬁ@ééhm@n@@% the
present disglestEm. RG223A% ahsrefisial mmp&aﬁ%&fsﬁgag_;?a%t%Qﬂaw%@gﬁtﬁﬂ'%%ﬁhe

electro-dynamic radio frequency (RF) focusing lens disclosed herein (e.g., an electtrodynamic tube-like

lens) is oft@cadripplsatior feriab N aldifiar $asnnitederifraspum Revice SRIGVSdehQF lens in
having sirpy unensi nm t.25 mm and a similar. apertu range (i.e.,
having a %ﬁ%%fighrﬁeter a(pgir%%r%; %r%%oégut 7.0(9%2?%%1{%%8(%{ 5 Aim ) Bu H(ﬁ%eWﬁ%E ifthickness
from the resuibithénetathodisrsntsicoitmiieit byeds rargenfroliscitrotre0.6 mm up to about 8.0 mm,

enables the outlet end of an ion transfer device (tube) to be confidently positioned therebetween the

front and g urface planeseHisrEsiisdyaagicdncusing snnensiplingasdhe st glggrode of a
SRIG of the present invention. Thus, the physical thickness itself provides for Targer iont6cusing lens

tolerance§ieatetrdpipial tedia foequaneyd(REbiocicing kssedisthesdienefitialagangelvenbof the
present 'rﬁ’ﬁﬁ}?& ﬁlﬁ@ﬂ%@%ﬁwf% often configured to operate in a similar fashion as the first

electrode of a SRIG. Such a lens in having similar lateral dimensions of about 25 mm by
about 25 mm and a similar aperture range (i.e,, having a circular diameter aperture from
about 7.0 mm up to about 15 mm), but differing in thickness from the rest of the electrode
stack via a thickness range from about 0.6 mm up to about 8.0 mm, enables the outlet end
of an jon transfer device (tube) to be confidently positioned therebetween the front and
end surface planes of the electro-dynamic focusing lens operating as the first electrode of
a SRIG of the present invention. Thus, the physical thickness itself provides for larger ion

focusing lens tolerances when coupled to an ion transfer tube.

[0023] As another beneficial arrangement of the present invention, a series of two
or more electrodes each having lateral dimensions of about 25 mm by about 25 mm, a
collective length of up to about 8.0 mm, and all configured with a regular thickness of, for
example, between about 0.5 mm up to about 1.0 mm, can also be utilized so that the
outlet end of an ion transfer device (tube) can be positioned therebetween predetermined
surfaces, which also beneficially enables larger ion focusing lens tolerances and thus

minimizes positioning problems and the harmful field effects, as discussed herein.

[0024] With respect to a single electro-dynamic or electro-static focusing lens
embodiment, an RF can be applied to such lenses in a variety of novel configurations. For
example, an RF can be applied equal or unequal in amplitude and equal or unequal in
frequency (e.g., double the frequency) and either in-phase or out of phase with respect to

the first electrode of the SRIG (i.e., depending upon whether the first encountered
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or more electrodes each having lateral dimensions of about 25 mm by about 25 mm, a collective
length of up to about 8.0 mm, and all configured with a regular thickness of, for example, between
about 0.5 mm up to about 1.0 mm, can also be utilized so that the outlet end of an ion transfer device
(tube) can be%(&?ﬁ?fﬁ@d%erebetween predetermined surfaces, which alsBieREE4IEAables larger
ion focusing lens tolerances and thus minimizes positioning proBteRERackst Narm PR SHels, as

discussedjagneife 024Nt TOsREE %a&&%ﬂgg&&w&e&&{?gy%ﬁﬂ%{@mng lens
C

embodiment, an RF can be applied to such lenses in a variety of novel configurations. For example, an

RF can bEEppMien)edsasithercbenafisialspnfigierafiore Seaforusing lensdifedhesiscrogtadsuble the
frequencxéﬁ@ﬁtﬁs&é%ﬂfa%@giga BMEQTRRRRS: H‘tﬂ%@F?sei:élté)céﬂ%ﬁ@ﬁﬁﬁ%@g%gééﬂ%ﬁﬁé%egl?"

depending upon whether the'first encountered WO 2010/045123PCUUS ttorney
Docket NBFzsaplitedd paiichiconblibds prquistavitine g. tonbesnappdietddbphadesvinthe len(es) of the

present invention). nother beneficial configuration. the giﬁl@ing lens (i.e., the electro-static lens)
can have%éﬁoa}lp%gﬁéﬁ%(%g %](gev%flfégufﬁg??sg Peq?gl%eod'l (‘f’r’ﬁéﬁf iNg opposite) to the peak RF amplitude

(which could be ramped with e.g., mass) applied to the first lens encountered along the longitudinal

direction H0#d SRIG. [oboRyRrdedgaifis wyireob dense petahedinaenbalitienses tbdemsbestmmselves
e N oSSl OLIPOBE NG RRas e fel LN REUBIS AL slasligyram e Toousing

lens, with an applied ‘RF to the serie§’ equal in amplitude an same applied frequency and
phase of &méwidcd prvsinglare, phith pbuapgitiet BEtofthh sedecgudldn degrias)oaic hhaieraith
respect toathleegrstltlelgcftrrgdgeggthaeréR GaandS@vin%a S?Lme o; different aénglituge and %s%rape or
different ot ehE (& o CATEE AR RIRESH 55 thE ARPERIEH SN BN B et A SHhel S fong the
longitudinalglinstidegesinethephaampith augrgenaht fiststeiasdcldenshs SRemsaleswrgall of

regular thickness that collectively gperate as an electro-dynamic focusing lens slightly in contact (via,
for exam BTN E A TR U R A e A S CEBAeRE A e U A A aE )

frequencyang alidndberssdieshadsg ibafanaihasalbubwhelsibthesriiesiRlehser PiaAitber out
of phase or in-phase with respect to the first electrode of the SRIG and having a same or different

amplitud BRI SARRNSPAIRRbRE FetiEeREIETES Thrmeeliesrsg adirieauimrethickrtsefiette of the
e seros oo Ch e A O i)k & Faied (nluding
opposite)exathplpecaproitiampinplogymith eougpiéechRiptel thithesies, meiy) eppileaamplibedirst lens
T e o
are either out of phase or in-phase with respect to the first electrode of the SRIG and
having a same or different amplitude and a same or different frequency (e.g., twice the
frequency) as the first electrode of the SRIG encountered along the longitudinal direction.
In addition, much like the single lens embodiment, the series of lenses can have an
applied fixed DC voltage (via fixed coupling) that is related (including opposite) to the
peak RF amplitude (which could be ramped with e.g., mass) applied fo the first lens
encountered along the longitudinal direction of the SRIG. Thus, such an arrangement also
provides for the guiding of ions that is similarly achieved with the electro-dynamic series

of lens embodiment.

Specific Description

[0026} FIG. 1 shows a schematic example configuration of a mass spectrometer
100, which incorporates the novel electro-dynamic or electro-static focusing lens 128/ion

transport device 105 coupling, as constructed in accordance with embodiments of the
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Specific Description [0026]FIG. 1 shows a schematic example configuration of a mass spectrometer
100, which incorporates the novel electro-dynamic or electro-static focusing lens 128/ion transport
device 105 coupling, as constructed in accordance with embodiments of the WO

2010/04512&’&@’1" 458%/060243 Attorney Docket No. 3965\%)211PCT ‘F%é ﬂ%’é’ﬂ%& As known
“by those skilled in the art, analyte ions may be formed by elec r%%éi 4 B1e?’95ﬁ&’| Mhd an
ionizationsbambeivhariota AD RIRRUR SR BoREARaIEAGn RE R jansgwcedbatdiiicas thpglsstrospray

technique, ionization chamber 107 can generally be maintained at or near atmospheric pressure. The

analyte icHECESBIAZING thBERG soigadiAdD iptianaaSmbardeprsanslesttessialinlet end of,
for examplg, 5 490VESLIQRabIPEARSIRL IR IR PREPUSPAIS CRRIRIYLUBR) AR A aNgtas.the

length of the tube under the influence of a pressure gradient. In“order to'increase ion throughput from
ionizationl8A sabgeryallinbaipleintmedyp e is pEmosphegisspeessie Witke mudliple iohannels) may be

substitut . ' h i f ' herein. Analyte ion transfertube 115 is
preferabl(i/%églg m%&%%g@%%gg@%@%}g?ﬁﬁ%%é@% é (ﬁléoﬁ% b%/ll%‘gr%ﬂt g?egﬁea ee!tjre .As is
also knowd;, ifetheartpheatong vétiioieh igadstnefentphe Jihl (hrergbwebaransfelianp eubkbasbists in

the evapqration of.,residual salyent and ingreases the number of analyte ions available for
measure%nrgﬁfr%s[}é%iﬁln reac%vgﬂ inachz“V\}1 {}agﬁuﬁrﬁ ’éﬁ%‘fﬁﬁ‘éer 9@6%"85&‘ 8@{5%6?@'(3#}6%%%8) emerge
from ion tianetee tepeH:myitpan Sulieiaidatibh cisaniged 07anmokahvaypalapetutherghetvren a

predetermined region of a single qr a plurality of electro-dynamic focusing lens(es) 128, which can
have an appiEer 'Wﬁ}éfﬁ%éf@?ﬁ%l%ﬁ?@%ﬁﬂ%@%ﬁé@&&h@ gl &i%e ion
transport ﬂeﬁg;@rm&eqiépﬁw@wémmﬁugneMyﬁﬁarﬂgyéaﬂsﬁyﬂ;ﬁ@f@ﬁ@?iﬁ@l@Mg%owith respect

to a single electro- dynamic focusingllens embodiment, the RE can be applied having an equal or

different dhspRabesRshwithq dlog é@rtaﬁféﬁé?ﬁ&ﬁ‘éhbﬁ feytridge beriskeldfe feirlrewitirespect
to the firsgeigetiod mﬁnge it rpcquRtened Alanasing ARGILAIRA HERCHON IdS SRR 08,

appreciated that the single electro-dynamic focusing lens embodiment is additionally capable of being

configurethtepapsitaipthof nesiclsrlagd vitptrasbinergases thiegusekenvifaradpedors treadadlerfrantioned
first elect R longitudinal diregtign..As_another beneficial
configura%%gr%ﬁ%ﬁ%é%é%%%}r%g Ié‘?ﬁ:& e eg?tﬁzgoﬁﬂgﬁﬁ%g%#g/@é%%%ﬁg’db Yixed E/oltage that
is related fiwcludiegengedsin) torthmpsiak Rbelhplitiace: (witich eod H Seataanped ivith ogel wags)

applied tq he firstlens sncountered along the Jongitudipal direption ofthe SRIG. | oo .

focusing lens(es) 128, which can have an applied DC but are preferably RF coupled with a

first electrode that makes up the ion transport device 105 of the present invention.

{0027] In particular, and as disclosed above, with respect to a single electro-
dynamic focusing lens embodiment, the RF can be applied having an equal or different
amplitude and having a same or different frequency (e.g., double the frequency) with
respect to the first electrode of the SRIG encountered along the longitudinal direction. It
is also to be appreciated that the single electro-dynamic focusing lens embodiment is
additionally capable of being configured to be either in-phase or out of phase, e.g., 180
degrees, with respect to the aforementioned first electrode of the SRIG encountered along
the longitudinal direction. As another beneficial configuration, the focusing lens (i.e., the
electro-static lens) can have an applied fixed DC voltage that is related (including
opposite) to the peak RF amplitude (which could be ramped with e.g., mass) applied to
the first lens encountered along the longitudinal direction of the SRIG.
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WO 2010/045123PCT/US2009/060243 Attorney Docket No. 3965WO01/PCT [0028]Also as discussed
above, with respect to the series of lenses embodiment, the lenses themselves are in one
arrangement, all of reqular thickness with an applied RF to the series equal in amplitude and
frequency an‘H%é%W&gﬁ%?same phase of the RF (via a physical couplin )M’Hgﬁﬂ?? Y&time or
different amplitude with a same or different applied frequency {¢tg* P85 Bk EtdNe PUEE same

or out of [yuase relationskipyitisrasperhtodeciiat plosiads gidherRR B 1Asanstidexample, the

series of lenses themselves cart be configured slightly in contact (via, for example, capacitive
coupling{tsaesisratresghin vl siraeahilitidesranidatiensy withanangling Bime
phase oftngBEerbéétéq]i&mrm&m@d&@ﬂat REg SldnevRIGIRNcarREredAleRctRe [ongitudinal

direction, the series of lenses are configured with a same or different applied amplitude and a same or

different aFBIsicHleEERinsldYt RvibRateme gueifisieatamplitudpwideaoroug of ghfsrentlationship
with resp, I : it [ j I [ment, the
series of | g%éi %%er%ﬁér\?j gg%dbe&?etlﬂlgxte%(? & Hgﬁggehﬁa%écégéﬂﬁg ?f?ggﬁe:%g g’%gg%ﬁrguding
opposite WihirespeaktR thadipsitabettntichf chaBRIG rAmprdthéthesagnpiamsby sppdiedfetkesfirst lens
encountered algng the longitudinal direction of the SRIG. J0029]To achieve the, low vacuum within
e e RS SRR Bt e o RGP SR

chamber a mechanical puriip or eq iS coupted to cham
accompawythguapplied R Btrotheseriastoqnhbieamptizasierand fhegiangs toditabou thd eahup to about

oronc B TouPe A AL BB A Bt G BBt bt s A A6 Bout 1
bar. [003Q}Hdmaltsrataine arpietiatad s e ele alid cOPFRYIRHZAIP o SRIME L ABPISIERk applied
amplitude and a same or different applied frequency (e.g., double the frequency) and a
same phase or out of phase relationship with respect to the first electrode of the SRIG. In
addition, much like the single lens embodiment, the series of lenses can have an applied
fixed DC voltage (via fixed coupling) that is related (including oppoéite) to the peak RF
amplitude {(which could be ramped with e.g., mass) applied to the first lens encountered

along the longitudinal direction of the SRIG.

[0029] To achieve the low vacuum within chamber 130, a mechanical pump or
equivalent is coupled to chamber 130, as denoted by the accompanying directional arrow,
so as to enable a pressure in the range from about 1 Torr up to about 10 Torr
(approximately 1-10 millibar) with the capability of also being successfully operated over
a broad range of low vacuum and atmospheric pressures of between about 0.1 millibar

up to about 1 bar.

[0030] It is also to be appreciated that the electro-spray ionization source, depicted
and described herein, is presented by way of an illustrative example, and that the ion
transport device 105, which includes the electro-dynamic or electro-static focusing lens
128 of the present invention should not be construed as being limited to use with an
electro-spray or other specific type of ionization source. Other ionization techniques that

may be substituted for (or used in addition to) the electro-spray source, as shown herein,
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and described herein, is presented by way of an illustrative example, and that the ion transport device
105, which includes the electro-dynamic or electro-static focusing lens 128 of the present invention

should not be construed as being limited to use with an electro-spray or other specific type of
jonization sotree Bthat dnization techniques that may be substituted fqr ﬁ%ﬂ% %{g tion tQ) the
electro-spray source, as shown herein, WO 2010/045123PCTH/8 8868 et RPBE&EL No.

3965 WO LR HINBIAS tsising} HHEIM I taskinicaDRINISAHION I ZRB.1BRDIPHON  2alioRsand laser
desorption or matrix-assisted laser desorption/ionization (MALDI). [0031]The analyte ions exit the
outlet endSTIBR PREBAlTBEacIsd PrdRrBREaRdiIvRZAT (MBI an ion channel 132

defined within the interior of the electro-dynamic or electro-static focusing lens 128/ ion transport

device 1QB0#43 to be disrusssd e vt e delaibhelewnfosh abserdingemenbandsesusing aftions within

ion channel 132 are achieved by application of either a DC voltage that is related (including opposite)

to the peSKRRRSICRARGdEARhitA ThrBdca shremalild2ds finsdswitlppiide byeriored Biectrodes 135 or
by oscillaiprnoligaaie herleryedinanisasusing aysidR%-andihe apeituRms elgcfragdes 135 of

the ion transport device 105. As is further discussed below, transport of ions along ion channel 132 to
device exdiscopsethipdunderndesiiielpsnarediod cordinsroeni arddoratzing afdpny elibimigahe flow of
the backgiound e i WhiER R IBDS B ERIRING LRI, IBRYS oA LARSRL, RN narrowly
focused beam and are directed thrguggf:f7 alperture 1410 of extractior{%lgns 145E ilr%%‘tc%%m%. The
directed ioppasite) patethrokdhifiemplidel: (85izhada8d badargpddlivited. fp aasayapplaizer 165,
e.g., a myltipole devijce, which,.as generally depicted in FIG. take the form of a copventional
two-dime%%‘%%%ﬁe%%g%ﬁ)é]%s %%gt?gr? Joe2 1eﬁci1 v(\?g h‘%og}?gr%st}gr %%ﬁa % é)mgr}@rs (er ARG 18 eFrllsay be
evacuateiZ®amdothecipiotid sheresdys TRbOGthE tanaackpotodecits dDE. tALie filither as denoted by

the accompanying arrows, [0032]FIG. 2A shows an examp|e cross-sectional view of ap ion transfer
device 1@%#??%@%8?1’{1 e ﬁ%o{e‘.cﬁ??g f&%k%%%?ﬁ%lﬂg*&.&% ‘é%ﬁ?@ﬁxétrgg’r?gr@ﬁi’ea? as similarly
discussehifilingebyaieadytiatesdoagithSinRRBORRPESR byadabNagHRELEEWAIRRSUCh a

configuration includes the outlet end 115’ of the ion transfer tube 115 device ending before a plane

defined bYPSkFEgee Moshirdnihe irpy areseHaisddlapska TRy mamsEosiclariecldDa%Rat can

compriseriie 4o {RRSREH Bavicarkdar & dreftalpdliad SiNgren e dad SR b cRHA &iyehe first
three electrodes 202, 204, and 206 of the stacked ringion guide (SRIG) 105 are shown in FIG. 2A.

Field graghasnberd ¥hdba Birentedhiers feendeastidhbrmved inmerBloshvn deddediand twe reference
numeral g24(0Q1¢ 1o a mass analyzer 165, e.g., a multipole device, which, as generally depicted in

FI1G. 1, may take the form of a conventional two-dimensional quadrupole ion trap located
within chamber 170. Chambers 150 and 170 may be evacuated to relatively low pressures
by means of connection to ports of a turbo pump, as denoted by the accompanying

arrows.

[0032] FIG. 2A shows an example cross-sectional view of an ion transfer device
115/ion transport device 105 (e.g., a stacked ring ion guide (SRIG)}) arrangement as
similarly discussed in incorporated by reference U.S. Patent Application, Serial No.
12/125, 013). Such a configuration includes the outlet end 115" of the ion transfer tube 115
device ending before a plane defined by a first surface 126 (denoted by a dashed and
dotted line) of a first electrode 202 that can comprise the ion transport device 105, e.g., a
stacked ring ion guide (SRIG). For clarity, only the first three electrodes 202, 204, and 206
of the stacked ring ion guide (SRIG) 105 are shown in FIG. 2A. Field gradients are shown
by the thickened dashed lines with 0.5 V/mm denoted by the reference numeral 224 (note
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WO 2010/045123PCT/US20091060243 Attorney Docket No. 3965WO011PCT the two separate
oblong-like field gradients), 1.0 V/nurt denoted by reference numeral 226, and 1.5 V/mm denoted by
the reference numeral 228. Interleaving potentials are often applied to such configured electrodes, in

this example?vé} ﬁg%gfﬁflsallﬂ(’)f +10V is applied to first 202 and third 206 el ctroaee G TpLsHe

lectrode 204 of the SR1G 105, while the ion transfer tube 115 Oﬁ%’%%?ﬁ 8@? p%iéﬂ ial. From
e
such a canfiguratiepaiate bbjeateliRe falihe seukaict 0as/SReNAENIHE byAreRitbrabawiniiidy ion

trajectories simulated for singly char%ed ions having a mass of about 748 Daltons (shown as thin

dashed lifg% anddedW e &eratagiiihe ecfornermenassl dHirinisrsayingarientisls Atsvn

simulatedfar-dgubiv ghatard Rnsighita éﬁ&@é&@é%%ﬁ%&eﬁﬁﬁ%l@ lResiteciesiioy left to right in
FIG. 2A). All the ions in producing such trajectories have a small energy of about 0.25 electron-volts

with the iARIRICRIsCHgsy SRR thpisbalin deiapdesps B¥dnendaisbeletrodad @b ofdbeddyGiitASespect
to the horzonial axis, 19 E'Qbﬁ%ﬁ%ﬁﬁﬁiﬁéﬂ%’?&&%ﬁs' %EH%QEWSEE{ Qhanpvel ion transfer

device 115/iontransport device 105 arrangement of present invention utilizing an electro-dynamic
lens. In pertifiglarabatictosridajccsorbsvancbetsimsfietath vie eHioSrdievIGi2dowithsibone thingrebetween
a front surface 126 and a hack surface 126' of, for example, a SRIG confi rec%< i icker first
electrodel,oacér.?}gﬁ BEcto-t y%%?niéo oCU %ﬁ’gc?ééllﬂrg §é%x%§096%‘51111§§ Iﬁ‘g\slf’n%ng%ﬁ% %%@io%sabout 0.6
mm up to(shtaouh 8Dthimd Apaih lioeckdiittahfran RiasaighinanitcoeugingHiiaatiag, thadngan

applied field of ahout +10 V, as well as two additional example electrodes 204, haying an applied field
of about TG 365 PP SIEAGEA AR GPABEEE G005 6 SRR ISR QTP (SRIC)
105, are sbpdlinedtiredBd Mo dstbefoighiiplFumAigNta Brehehony iRy ibadbiskanrd dashed lines

with 0.5 V/mm denoted by the reference numeral 224, 1.0 V/mm denoted by reference numeral 226,

and 1.5 \FRIRS Q5 BAV ey Al reisa o abrib P2l psoome s wifiotheari o valnsion clearly
shows thabthera ?@?Eﬁ Qa%éi%gs IgsEAEaN Doy I ANt edramigRteanieuidgRoted by the

reference numeral 224) is larger in FIG. 213, which indicates that ffinging fields in such a configuration

are redudFizmnta xéselectric force on an ion is proportional to its charge, multiply charged
j0033] FIG. 2B shows an example cross-sectional view of a novel ion transfer
device 115/ion transport device 105 arrangement of the present invention utilizing an
electro-dynamic lens. In particular, outlet end 115’ of the ion transfer device 115 device is
now positioned therebetween a front surface 126 and a back surface 126’ of, for example,
a SRIG configured with a thicker first electrode, e.g., an electro-dynamic focusing lens
(electrode) 128, having a thickness from about 0.6 mm up to about 8.0 mm. Again for
clarity, only an electro-dynamic focusing lens 128, having an applied field of about +10 V,
as well as two additional example electrodes 204, having an applied field of about -10V,
and 206, having an applied field of about +10V, of a stacked ring ion guide (SRIG) 105,
are shown in FIG. 2B. Also as before, field gradients are shown by the thickened dashed
lines with 0.5 V/mm denoted by the reference numeral 224, 1.0 V/mm denoted by

reference numeral 226, and 1.5 V/mm denoted by the reference numeral 228.

[0034] Comparing FIGS. 2A and 2B clearly shows that the area where the field is
less than 0.5 V/mm (within the gradient contour denoted by the reference numeral 224)
is larger in FIG. 2B, which indicates that fringing fields in such a configuration are

reduced. Since the electric force on an ion is proportional to its charge, multiply charged
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WO 2010/045123PCT/US2009/060243 Attorney Docket No. 3965WO01/PCT ions experience the
strongest forces due to the field effects evidenced in FIG. 2A than that as shown in FIG. 2B and
therefore such muIti@%charged ions are more subject to losses than sing| charged ions in a

conventional‘g?rawg &ttt before they are confined toward the éc‘gntral zigggf%’t 3 ?gé% ﬁf%i,f;’tli go|];/

the present invention are thus seen in the simulated trajectorieS 6 FI&

(solid darkemeekiieeehas ddauiigtaitslasherhdine shareRUbganialidsinollariyricas iharedsa clear
difference in FIG. 2A between the two sets of trajectories. !0035!It_ is also to be appreciated that while

the configtirahen =& G ARrRrigherefore sushanliiply SREQMNE RIS AR dRR8eE28 of
FIG. 2B (en UiRoBjatEng¥aans m%@agéﬁagﬁzt@&ﬁ(géﬁmmg ER0,RI38 R ERGRATIgYred as a

series of two or more electro-dynamic lenses 129, 129' (as denoted by dashed lines within the

example [dsscenadpricoba $RIGu dhehaaehitsnt tham prrsiens in veasien abtedirsesrela dhodynamic
focusing | )l ariagl’ [tioni u t Jon.transfer device
15 and e e gured
with a regideabilyi (Hrinstashieid tiorgnpiesubitintdsly simitarabduireas thereis tockoutifferancddarenable
comfortabéfcpcis&fig%i‘rb% é%f% e outlet f—%lré} %15' Tf the ion transfer device 115 while also providing for the

reduced fringing fields, as s eo’\cf‘vnﬁoi?le PEe 88?%]FIG. 3A shows an example mass spectrum of the

hexa-peptide ALELFR obtained with the ion transfer tube/SRIG configuration of FIG. 2A, i.e., without
the use of @3 ectro-diriamlitsftrheinppitriatentgel atulechthepfigoationemigho @uinElssly, FIG.

3B show trum e -pepti LELE WEOHI%i ith an i ansfer tube/
electro-d?/%génia(s:ﬁf%g%t?gr% err%}’ %Ef %ﬁgﬁég%?%ﬁ?/%ﬁ |(§)r(1:1,'f'E§:115[,1 ggé)nera {/%@)g\i\%i’ fwh?:%c %gf From a
comparisdymdri G cGdirankh@Bofitbapiesese envinait ting caseadddite Riceelfigiicedyansierfacosing lens

reduces the loss of the.doubly, charged ions FR (m/z 374.87), The ]Joss of dqubly charged ions
is more p or?o%}gboaeagl?ﬁg?iéy% fl?ﬁ%sgf)%ﬁj&l% tﬁ%sé%@t iﬁé’rgﬁﬁﬁﬁffﬁﬁ?@ BihSental
example texiltiplaterde2proi@pE.2Bgrsictihe BaaipRlitntecdpplied Asthetiseelaeiadaetihe SRIG is

the same as that applied to_ the electro-dynamic focusing lens, 148 V(p-p) at 680 kHz, with a WO
2010/0 45§§§@@ﬂg}§%@6§/&‘@jg§arames, which minimizes positioning problems when coupled

to an ion transfer device 115 and thus harmful field effects. Specifically, such a series of
two or more lenses can be configured with a regular thickness of, for example,
thicknesses from about 0.5 mm up to about 1 mm, to enable comfortable positidning of
the outlet end 115" of the ion transfer device 115 while also providing for the reduced
fringing fields, as shown in FIG. 2B.

[0036] FIG. 3A shows an example mass spectrum of the hexa-peptide ALELFR
obtained with the ion transfer tube/SRIG configuration of FIG. 24, i.e., without the use
of an electro-dynamic focusing lens configuration of the present invention. Conversely,
FIG. 3B shows a mass spectrum of the same hexa-peptide ALELFR now obtained with an
ion transfer tube/ electro-dynamic focusing lens/SRIG of the present invention, as
generally shown in FIG. 2B. From a comparison of FIGS. 3A and 3B, it can be seen that
the use of the RF-electro-dynamic focusing lens reduces the loss of the doubly charged
ions of ALELFR (m/z 374.87). The loss of doubly charged ions is more pronounced as the
RF amplitude applied to the SRIG is increased. In this experimental example to illustrate
the principles herein, the RF amplitude applied to the first electrode of the SRIG is the
same as that applied to the electro-dynamic focusing lens, 148 V(p-p} at 680 kHz, with a
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Attorney Docket No. 3965WO01/PCT 180 phase difference (i.e., an out of phase example arrangement)
between the RF-electrodynamic focusing lens and the first electrode of the SRIG encountered along
the longitudinal direction. While an RE in the example of FIG. 38 can be aﬁé)lied to the single

electro-dynam% %%lé’d]é‘ﬁéslens embodiment equal in amplitude and freque §’HE%083(P§§}¢?\GA% with
respect to the first electrode of the SRIG, it is to be reemphasi2APTE%GReEHeE NSy 2033 lhfrdsent

inventiongisyigie: BRRGRAKE eckasAiedriprRHeh RNl dan R SR HE BLEReUn SRR R BB e, o

even an RF arrangement. Moreover, the present invention can also comprise a series of lenses
embodinfEiante sonesngsisreand jarfissa slartuidetns S iRiccenmynersdwiengiite lenses often
all of reg IcKRers; quﬂ i j iC ing) that i ted
(includinéjg g‘gp{)@site) t§ ltxr%g%{é}glﬁﬁg%mpht%?ﬁ{a ﬁ%&ﬁgmi%ﬁ%%v%%%gm%@a%sos?gaép%{lgic?to the
first lens éacworigredraidiogubinplegi wdivhaldiirertieg odlte SRIBUGO 37Morquedtey hotvewesf the
series of lenses can have lied RF to the series .jn amplitude and frequency and phase (via
a physic ?}:agﬁp ih%‘)rgfﬁ%cag\l/%ﬁggg %S%Sntlg%%%%%eo?%h? g?%%’aageléﬁ %eela%rﬁlg%\%s,%‘?élff, e rees, with
respect tativecfithh etbetrodecan ounteiradialosgdt e longittuided ditectahtofsich SRl laraddition and
as another ex;m le arrangement, the geries of lenses embodiment can be slightly in contact (via, for
example 3TAFALH e’&%ﬁfﬁfﬁf’é‘?ﬁ%’l CaR ppite REARG Sh6aH MR PRBEESSAY the same

frequencihbuhudiecain 4o sefigsRenBESes & kane RhasidmeHt alRRasrglatpRahiBsnga same or
different frequency and a same or different amplitude as the first electrode encountered along the

longitudiRB AreEasAsicHreeing lsnpshasis tinlapes cinall pbmpehuitydmsspcsmbraed by
f At oot ial N, ; itl . Devi des Of
reference taSpRatantAPPicatipn oS era ﬁ&s&%{%ﬁp@ﬁr@ eRttied lendy i Zgﬁgﬁg@% pModes

Operation Thereof," the ion transport devicé 105, as generally shown in , Is formed

from a plﬂ}%ma&f%%ﬁmﬂwgrﬁ%@é&m@@@gmg@d mitbr@gu@iﬁaﬂywwﬂtaﬁhﬂﬁeﬁgim (regular
or |rregulgﬂéﬂﬁ.&g}gbgﬂggg%%gfigﬂég{gﬁﬁgﬁ Eﬁﬂ@cﬁb%@?&?e rometry art as "stacked-ring" ion

guides. Each electro 204, own in FIG. 2A, is adapted with an aperture through which ions
may pass. The apertures collectively define an ion channel, which may be straight or curved,

dependid§®Biktne laterMovotEmbrweveraie vriepobisoss zas haiotaayeppirdtifoodbeswWo11PCT

series equal in amplitude and frequency and phase (via a physical coupling) but having a
same phase or out of phase RF relationship, e.g., 180 degrees, with respect to the first
electrode encountered along the longitudinal direction of the SRIG. In addition and as
another example arrangement, the series of lenses embodiment can be slightly in contact
(via, for example, capacitive coupling) to enable an applied RF having equal amplitude,
phase, and the same frequency but wherein the series comprises a same phase or out of
phase relationship and a same or different frequency and a same or different amplitude

as the first electrode encountered along the longitudinal direction of the SRIG.

[0038] As similarly discussed in co-pending and incorporated by reference U.S,
Patent Application, Serial No. 12/125, 013, entitled Ion Transport Device And Modes Of
Operation Thereof,” the ion transport device 105, as generally shown in FIG. 2A and FIG
- 2B, is formed from a plurality of generally planar electrodes arranged in longitudinally
spaced-apart relation (regular or irregular spacing) and are often referred to in the mass
spectrometry art as “stacked-ring” ion guides. Each electrode, e.g., 204, as shown in FIG.
2A, is adapted with an aperture through which ions may pass. The apertures collectively

define an ion channel, which may be straight or curved, depending on the lateral
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alignment of the apertures. All of the electrodes may have identically sized apertures and/or uniquely
sized apertures. An oscillatory (e.g., radio-frequency) voltage source is often utilized to apply
oscillatory valtages to such electrodes so as to generate a field that radially confines ions within a

|
designed ion channerlThe electrodes that make up the SRIG be divited | ?8%%60 Ei '
whe?ein a predetermined plurality of electrodes areIo interleavedm v%%ﬁ“ Sﬁﬂ% |?3t/‘§§f’b g{(i:jC) #l{g#r d
electrodesligputhaitef flackiperelee ot of ehedlectbass tatp el e doallisprpsjiertaebase with
respect to the oscillatory voltage applied to adjacent electrodes. In a beneficial arrangement, the
frequenc a%ﬁfﬁ)‘lﬂﬂﬁé{ SHAERE NP RS LM SR OB $B S 2@ FOrT SBOLRIY LUMHRSE SABTSBEUL 1 MHZ
and fromarhetik A4 10 aBpL} 4QQ1MRsP(PERKAQ RESIINBR (B d SRNIIYERRSING BURNEIY:

dependent on frequency. Moreover, the present invention can be configured with an increased

inter-eledRdiflEseaHpMdarteiding devisred ieradharnrh Thecdenteden thebmuatep thy reference
U.S. Pat@ﬁléﬂﬁﬁ?%@ﬂi@&é@'iﬁ[ﬁ- %ﬁ%%ﬁ@ﬂ%{é&%ﬁé&ﬁﬂ%&ﬁﬁyﬁﬁ%ﬁ'ative to

conventional ion funnel devices as knowrt and described in the art. Importantly, the above described
structure @fstiedes aspdrdaridavadc vidhiatpdurtabitisef ateeiormitearest dectredns prakimbate the SRIG

device ex] it conii (o] lectrede spacing can gradually and continuall
increase)?nsﬁe %?reeagqt%n 0 |gnr%f?'§\g§r %%gﬁ%t}tﬁ%%ﬁ e°25étﬁgo%‘§rén ﬁ%ﬁﬁpané%o]ﬂ ngfge g?s,r"af’? %Cenerally
shown intBliBe 2acillisther ditpirrappltib s a djectroddespacdiag mayHenetigalbaraiongmpatpthmore
segments _of the ion transpart device length (e.g., proximate to the device entfance then increase
along anz’iﬁ%‘%%%‘:é’ rﬁle'lﬁ%a(:é%fttﬁrgo%)rggl%g %’E‘%{S‘g%?éiaé%ﬁ A fﬁﬁgﬁﬁ{ﬁgf%ﬁg’lﬂq t48ons may
utilize a desigounM¥iida theidiestrabeBriigtnaiRaseanivpSiapRrad-tathes )amaraguabmanner.
[0039]The el ptrag s of the electro-static or electro-dynamijc focusing lens or series of lenses may
compriseag@iﬁ% E%%?%EH%@QFWH&IQWE&%Mﬂ%ﬁ?ﬁﬁd@%ﬁ’?&ﬁ?ﬁﬁw&@mcﬁ&terial,
such as Yailasystealwriirasmii-as.aliampatie-conbayatap. (bs: elrcRme shHeLKgMay be formed

by depositing (to an appropriate thickness and over a suitable area) a conductive material on the

central r aile deseriieefon ineraRpErip BT ebersaebfiy tenaAd piligative. Sesiat&¥e; such as that
used for psi e ' I deposi the WO
2010/0451 3%%%8%%3%%&)%%%%%&& %%qggﬁ%%g%ég%%}\%\?ggé%gT cen%? Cflé%ﬁﬁ%gr% the edge of
the plate dg\detaphidineiwotros desmdutibinsthe urd. degitatentlanthiorb® voltagetsulstest{®e40]To
prevent -potenti rriersr lJing ions, a.longitudinal DC field may be created.yia.a
coupled %?gk\%%é’gﬁ%%cgeﬁé@égg%&%? #r?%l%(é:%sr r%?é?e%gis?/ ?é}%%%‘gé’?ﬁg‘_ Haxfél At %% gﬁ‘.%%%%@ , Serial
No. 12/12eyit3nttatappledditsmaliDifigolitages, thekdettodds sparinfecirogrsinaiy 20d, as shown in
FIG. 2B. The.applied voltages increase ar decrease in the directiop qf ion travel, depending on the
polarity of & %I%E%%p%}?é%%n%‘. %ﬁéﬁ%ﬁ% %ﬁga?ﬁ‘aﬁrﬁvfifé%‘%%grﬂlﬂlﬁﬂ%%lﬁ §1dR8 FRUERPH desired
direction dnd@ri0fes hatdralleshetviiaping. deesinathes i plodRntrpicas peratiae spadiions, a
longitudinal DC field gradjent of 1-2V/mm is sufficient tg eliminate stalling of ions within an ion transfer
device of tHe Fé?&’higﬂli RRGIPTIR HiRIPEs S8 MEBE AR [ Srgipartadsyessilangiule Be generated by
applying siaiiate to YREMSIOmHIREY, alesindembelehowny ﬁ&ﬂ%%&@%@&i{s&i@y-coated rod

electrodes positioned outside the ring electrodes rather than to ring electrodes, e.g. electrodes 204,
206, as SHEWHIAE fQ thidevice exit). Furthermore, certain implementations may utilize a design

in which the electrode spacing increases in a stepped rather than gradual manner.

[0039] The electrodes of the electro-static or electro-dynamic focusing lens or series
of lenses may comprise a square plate that is partially or wholly fabricated from an
electrically conductive material, such as stainless steel or brass. In an alternative
configuration, the electrode structure may be formed by depositing (to an appropriate
thickness and over a suitable area) a conductive material on the central region (i.e., the
region radially adjacent to the aperture} of an insulative substrate, such as that used for

printed circuit boards. A set of conductive traces may also be deposited between the
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[0041]To generate a tapered radial field that promotes a high ion acceptance efficiency at the exit of
the electrodes structure that makes up the ion transport device (e.g., 105, as shown in FIG. 28), the
amplitude of oscillato% voltages applied to predetermined electrodes increases in the direction of ion

travel, such AN B e%?étrode, e.g., 204, 206, as shown in FI 'tZB’ Tg‘é&%éﬁéﬁe?gﬁ%@%w ge of
greater amplitude relative to electrodes in the upstream directi "OFREY 2.1 Dleiiid y ages may
be delivergshthongiva setichatapeaipiaislits (nebiabiviniretialdond @rsitatome/oltage source

(not shown). As an example configuration, the oscillatory voltage has a frequency of about 0.5 MHz up
to about PRIHFERY A AMIRG FEHREE\PFEEFom about 50 up to about 100Vp-p at the device

entrance, e.g., at the entrance to the electro-dynamic focusing lens 128, as shown in FIG. 28, to
400-600 Yo(20]) at the Tiepies exitps3tdasshentinlbiGerd fidia seguiigdsnapdmnpiampiiiudeof the

applied oscillatory yoltage is. dependent on the inter-electrode spacing, and may be reduced by
utilizing a%\'ﬁié%?" \% é@%ﬁ%%ﬁg%g&ﬁﬁﬁg‘ﬁﬁﬁﬁ%Q‘%ﬁ?@%}%B'BWB?L%@@’T spacing

(e.9., spagiier&id U] EABIRIA PraicaeducedAg] MRXImumanalicd R iagaite 490ME-pIz 4glsshould
also be reco{gnized that the techniques forggenerating a taé%ered radial field embodied via a SRIG may

include orff@ BPHEHSF REGREEHRMASS Rk 28 gibenar® di¥5iRE otherurlind am) regee ingrrpssscillatory
voltage agiplipidie, i@ fleale e IR d el JAO A3 hin additian aihe. 9B onsinRY JENIgRS A5, as

generally shown in FIG. 2B,
ions. Such a longitudinal DC field assists in propelling ions toward a desired direction

and ensures that undesired trapping does not occur. Under typical operating conditions,
a longitudinal DC field gradient of 1-2V/mm is sufficient to eliminate stalling of ions
within an ion transfer device of the present invention. In alternate embodiments, a
longitudinal DC field may be generated by applying suitable DC voltages to auxiliary
electrodes (not shown) e.g., a set of resistively-coated rod electrodes positioned outside
the ring electrodes rather than to ring electrodes, e.g. electrodes 204, 206, as shown in
FIG. 2B.

[0041}] To generate a tapered radial field that promotes a high ion acceptance
efficiency at the exit of the electrodes structure that makes up the ion transport device
(e.g., 105, as shown in FIG. 2B), the amplitude of oscillatory voltages applied to
predetermined electrodes increases in the direction of ion travel, such that each electrode,
e.g., 204, 206, as shown in FIG. 2B, receives an oscillatory voltage of greater amplitude
relative to electrodes in the upstream direction. The desired oscillatory voltages may be
delivered through a set of attenuator circuits (not shown) coupled to an oscillatory
voltage source (not shown). As an example configuration, the oscillatory voltage has a
frequency of about 0.5 MHz up to about 1 MHz and an amplitude that varies from about
50 up to about 100Vp-p at the device entrance, e.g., at the enfrance to the electro-dynamic
focusing lens 128, as shown in FIG. 2B, to 400-600 V (p-p) at the device exit 137, as shown
in FIG. 1. The required maximum amplitude of the applied oscillatory voltage is

dependent on the inter-electrode spacing, and may be reduced by utilizing a wider
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often can be configured with straight ion channels. However, it may also be beneficial to arrange the
electrodes so as to define a curved ion channel, such as, but not limited to an S-shaped ion channel or
an arcuate ign channel, as similarly discussed in incorporated by reference U.S. Patent Application,

Serial No. 12%(}%?18/f§i§‘uch an arrangement reduces the streéggﬁeofﬁg&@@ﬁggﬁ%wgusters
pectrométer, thereby

and undesolvated droplets into the lower-pressure regions of the has spe

improvingsgighia {@-poispdétipsoant e keing RUmNF RedesiiememtsmiirApdlseias-kingtady discussed
in incorporated by reference U.S. Patent Application, Serial No. 12/125, 013, the ions can be
introduced WY BBion transfer tube 115, as shown in FIG. 1, in a configuration wherein the outlet end
115" is laterally and/or angularly (typically up to about 5) offset with respect to the center of the

electrody et} or eleclteinialit sbrubing:tensiesi 1RS; te disbinkptbhéseipsriauhingitioned<¢d be at
least flush wjth the front surface and before the back surface.of the electro-dynamic or electro-static
focusing @fil%ﬁ&%ﬁ@&}i?@%%i‘aﬁﬁé%i@swim&fnﬁsr?% SRR ShingeaF Reutral gas
molecules &usiaEsspRenneesiatedidORieke inie HeJQUTRItHFe SBlfEgeinpatatih & Magte the

spectrometer. It is to be appreciated, however, that the present invention provides a beneficial aspect
for such a‘ﬁ‘%‘ﬁﬁ%’&lﬁent by constraining the directed ions to the center of the ion channel, as
discussed above in describing the aspects of FIG. 2B, to prevent unintended fragmentation of labile

analyte mgegsjles fronicadiitgosioge iotheplgstiodesiandiifs)abengiposkeu IRFDOSH, relatively
high RF field strength. WO 2010/045123PCT/US2009/060243 Attorney Docket No, 3965W01/PCT
[0045]1t is¥dBe B BE<ABEE e Witk SHal Rt ARReE Sloqes T sHR Redvsmstiaiptie

detailed dgsaHBHARL RRIGPEIEEIPE IR NSRS LRI PN IGNARR LG IS HRIB AN NREHEY tBascope Of

the invention, which is defined by the scope of the appended claims. Other aspects, advanta%es, and
modificatiSrisiapediimishwanst o e pIsESE RTisHEtBfh és similarly discussed in incorporated by

reference U.S. Patent Application, Serial No. 12/125, 013. Such an arrangement reduces
the streaming of neutral gas molecules, clusters and undesolvated droplets into the
lower-pressure regions of the mass spectrometer, thereby improving signal-to-noise

ratios and reducing pumping requirements.

[0044] Also as similarly discussed in incorporated by reference U.S. Patent
Application, Serial No. 12/125, 013, the ions can be introduced via the ion transfer tube
115, as shown in FIG. 1, in a configuration wherein the outlet end 115’ is laterally and/ or
angularly (typically up to about 5°) offset with respect to the center of the electro-
dynamic or electro-static focusing lens{es) 128, as disclosed herein, but positioned to be at
least flush with the front surface and before the back surface of the electro-dynamic or
electro-static focusing lens or collective lens of the present invention so as to also reduce
streaming of neutral gas molecules, clusters and undesolvated droplets into the lower-
pressure regions of the mass spectrometer. It is to be appreciated, however, that the
present invention provides a beneficial aspect for such an arrangement by constraining
the directed ions to the center of the ion channel, as discussed above in describing the
aspects of FIG. 2B, to prevent unintended fragmentation of labile analyte molecules from
coming close to the electrodes and thus being exposed to regions of relatively high RF

field strength.
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CLAIMS: 1. An ion transport device, comprising: one or more electro-dynamic or
electro-static focusing lenses coupled to a first electrode a plurality of longitudinally spaced apart
electrodes that in combination with said one or more electro-dynamic or electro-static focusing lenses,

define an ion“é%a%(ﬁlr?éq“g%%g which ions may be directed; . anion aﬁﬁ%ﬁ%ﬁ%ﬁ@&gg r‘?g outlet
end configured so that said outlet end is moveably positionablé%?'é{lﬁyc fis i % t
position igogkyis flush iithéne: freissidace i thanticstiaf isaiekong Ok eseEiRekaIdAMIC or

electro-static focusing lenses and before the back surface of a desired said one or more electro-

dynamic BPRERGHRR e drigiled descripgion therepf, Sheifareppinsidgrrdpticr Bdntdedit® apply

oscillatoryvaliagesia ablaaskaROIBpOLEaE AR A SROTRHRIBCT YA laRseS AR SR plurality
of electrodes or a DC voltage source configured to apply a DC voltage to at least a portion of said one

or more ElEPEDISEFRIEEEIBaTRepRCSr adorntdeerRRtamo’kifisat ond mgecvitiinthe sarppRfrality of
eIectrodetspg@gﬂm%?ﬂ&gcillatory voltages; wherein spacing between adjacent electrodes of
said plurality of electrbdes increases in the direction of ion travel. 2. The ion transport device of
claim 1, wherein an RF is applied to said one or more electro-dynamic focusing lenses equal in
amplitude and frequency but out of phase or in phase with respect to an electrode of said plurality of
longitudinally spaced apart electrodes.
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3. The ion transport device of claim 1, wherein a frequency applied to said first electrode of said
plurality of longitudinally spaced apart electrodes is of a different frequency applied to said one or
more electro-dynamic focusing lenses. 4. The ion transport device of claim 1, wherein a DC is
applieg-foasajgkone or more electro-static lenses having a fixed DC voltage that is related to the peak
RF amplitude applied to said first lens of said plurality of longitudinally spaced apart electrodes
encountered along the longitudinal direction. 5. The ion transport device of claim 1, wherein
said one or more 3Ie%ﬁéﬂ%ﬁﬂ%’&%ﬁ@cférf§é§®fl§%ﬁ one or more electro-static lenses comprises a
single electro-dynamic or electrﬁ FEUC focusing Ie havm at ickness from about %%mm up to

about 8.0 mm. 7€ Y. FREGS Wgé\tilgé 8 Wﬁ ?‘é‘l’ﬁ LA\ ko 8 F?n%re

electropdy @éﬂt@dﬁcﬁ&eﬁﬁﬁa‘ﬂ?}ﬂ%if QSHSIEIaNaes ﬁ%ﬁ@ﬂ%@%ﬁ YlicknegssMpm akebhibamMmahup to
about 1.0 mm with said one or more electro-dynamic lenses or one or more electro-static lenses

providiighesailutr enengts etespreoistund pnelectro-statiqfreusingdessert defice ot dpaim 1,
Where&ﬂaﬁ%%l'%ﬁ‘o&ﬁ Cg%ﬁg&%wg scﬁ%%égaeral and/or angular offset with respect to the center of

said one or more efectro-dynamic ectro static focusing lenses. 8. The ion transport device

of claim 1, whereip the aempitidepiihe ﬁwlﬁg sseilatorveltages inaaishrivieliveleneitudinally
clu

spaced apart electrodes increases in the direction of travel. 9. The ion transport device of claim
1, whereinsaie prakitpositagrblindlylepaden afuictelebebdesrcampsisionaringtisis Bistectrodes

arran%q hl:Flin nteEIea d relf"lﬂ‘ll\e A t{] Iu&all 1y, Qf of a sgr%o{:r__;l]d ﬁg(t) %]e%ggxges WlPel‘&ln t@et .oscillatory
voltage applie 0t salg ISt set &8 s IS opp03| e in phaseto e oscﬂ?atory vcﬂtage applied to
said skeanthselofeleatidtesore the back surface of a desired said one or more electro-

dynamic or electro-static focusing lenses; and

an oscillatory voltage source configured to apply oscillatory voltages to at
least a portion of said one or more electro-dynamic lenses and said plurality of
electrodes or a DC voltage source configured to apply a DC voltage to at least a portion
of said one or more electro-static lenses, said one or more electro-static lenses being

coupled to said plurality of electrodes having applied oscillatory voltages;

wherein spacing between adjacent electrodes of said plurality of electrodes

increases in the direction of ion travel.

2. The ion transport device of claim 1, wherein an RF is applied to said one
or more electro-dynamic focusing lenses equal in amplitude and frequency but out of
phase or in phase with respect to an electrode of said plurality of longitudinally spaced

apart electrodes.
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10. The transport device of claim 1, wherein the apertures of said one or more electro-dynamic or
electro-static focusing lenses and said plurality of longitudinally spaced apart electrodes define at least
one ion channel selected from: a substantially straight ion channel, an S-shaped ion channel, and an

arcuate ion channe). The jon HarbpeiPAAAASBPSENIEe.0h el 4 ANhamia Saishiantiansler device
comprises at least one elongated capillary for carrying ions from the ion soufce. 12. The ion

transpidrsiddeiecstectdinnith plunelisinafdiengited snalhe senedepbehplitaiodemisrizes diffitisietion flow

channfels. 13. A ma sépgctrmgeter, comgrisi zan ié)n sourc?' a mas§ analyzer; and an ion
reqélen((% al;ﬁ)g ie Sa10 Oone or more e ﬁ%:l‘o- éma 1C 11511 censes.. . . .
transport-device iA accordance with any one ot the preceding claims,%ocated’intermediate in an ion

path between the ion source and the mass analyzer. 14. A method for transporting and
focusing ions withié. & tenwicattamspenr bthhorphef idgiressurdhregiora AP@ imagpEpddinomietene
COMPIR a¥re electro-static lenses having a fixed DC voltage that is related to the peak RF
amplitude applied to said first lens of said plurality of longitudinally spaced apart

electrodes encountered along the longitudinal direction,

5. The ion transport device of claim 1, wherein said one or more electro-
dynamic focusing lenses or said one or more electro-static lenses comprises a single
electro-dynamic or electro-static focusing lens having a thickness from about 0.6 mm up

to about 8.0 mm.

6. The ion transport device of claim 1 wherein each of said one or more

electro-dynamic or electro-static focusing lenses comprises a thickness from about 0.5
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providing one or more electro-dynamic focusing lenses electrically coupled to a first electrode that
comprises a plurality of longitudinally spaced apart electrodes that in combination with said one or
more electro-dynamic focusing lenses, define an ion channel along which ions may be directed;

positigRiAd:;pOUBLeNDhahan ierHrandleheeYisert aladabatwhishf-Rskyeen Alsihppsition flush
with the front surface of the first of said one or more electro-dynamic focusing lenses and a location

whichekelsforéatie lonsrsspirtadd biadedlesticalangth of mipre aleewbSdymamic focusing lenses;
applying oscillatory voltages to said one or more electro-dynamic focusing lenses and said plurality of

longitudinally spacgcragae,ele IRORAIPIRAR SRS fiRld thatadialgontiaes.ins within the
ion channel; increasing the spacing between adjacent electrodes of said plurality of
electrodewpase imtrbasingntl g oadiz electritsiéid ipe mesrzdridntitieecedivectivhsafdomiravehore

electro-dynamic or electro-static focusing lenses.

8. The ion transport device of claim 1, wherein the amplitude of the applied
oscillatory voltages to said plurality of longitudinally spaced apart electrodes increases

in the direction of travel.

9. The ion transport device of claim 1, wherein said plurality of
longitudinally spaced apart electrodes comprises a first set of electrodes arranged in an
interleaved relation with a plurality of a second set electrodes, wherein the oscillatory
voltage applied to said first sef of electrodes is opposite in phase to the oscillatory

voltage applied to said second set of electrodes.

10. The transport device of claim 1, wherein the apertures of said one or
more electro-dynamic or electro-static focusing lenses and said plurality of
longitudinally spaced apart electrodes define at least one ion channel selected from: a

substantially straight ion channel, an S-shaped ion channel, and an arcuate ion channel.

11. The ion transport device of claim 1, wherein said ion transfer device

comprises at least one elongated capillary for carrying ions from the ion source.
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12. The ion transport device of claim 11, wherein said at least one elongated

capillary comprises multiple ion flow channels.

13. A mass spectrometer, comprising:
an ion source;
a mass analyzer; and

an ion transport device in accordance with any one of the preceding
claims, located intermediate in an ion path between the ion source and the mass

analyzer.
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14. A method for transporting and focusing ions within a low vacuum or

atmospheric pressure region of a mass spectrometer, comprising:

providing one or more electro-dynamic focusing lenses electrically
coupled to a first electrode that comprises a plurality of longitudinally spaced apart
electrodes that in combination with said one or more electro-dynamic focusing lenses,

define an ion channel along which ions may be directed;

positioning an outlet end of an ion transfer device at a location which is
between a flush position flush with the front surface of the first of said one or more
electro-dynamic focusing lenses and a location which is before the back surface of a

desired said one or more electro-dynamic focusing lenses;

applying oscillatory voltages to said one or more electro-dynamic
focusing lenses and said plurality of longitudinally spaced apart electrodes to generate

an electric field that radially confines ions within the ion channel;

increasing the spacing between adjacent electrodes of said plurality of

electrodes; and

increasing the radial electric field penetration in the direction of ion
travel.
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