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interaction with background gas molecules. If stacked electrode structures are used in the

tirst 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



beamintensified by the focusing action of the |ens; but another beneficial
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incurring a large degr ee of ion losses. Refinenments to and variations on

such aGererally deserilbrd dhe Hewice dlesebecdbtharpindnclydss appubiifudref chsely3, 408 to
Smth et al., S, Patent ... 1,064, 321 to Franzep,, EP App. .No. 1 465,234
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aperture size at the device entrance provides for a large ion acceptance area, and the
progressively reduced aperture size creates a “tapered” RF field having a field-free zone
that decreases in diameter along the direction of ion travel, thereby focusing ions to a
narrow beam which may then be passed through the aperture of a skimmer or other
electrostatic lens without incurring a large degree of ion 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”, J. 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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present invention provides a novel ion transport apparatus and nethod that
can be used in mass spectronetry. The ion transport apparatus and net hod
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field exdteradsiosident nuftipolet Thi egpatatgs gnidl deethodiachidvenhe focusing ah@006]
Further background information on simlar but different configurations that
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fiel d ghentendestwlhich aréepated apaghalong the laygitwtingl @tis of tHat devioe dftteredéasodeons
to the Io?r‘l’[gsit dji,nal c¢enterline, The magnitudes of the oscillatory voltages

may be&Peszet ?4119@ 93 ionghannel alongwbirhyens pes Fanspeited Peiweasy areentrance
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o scr 0yt PHECLARLBRE AFBhNRoby B RE) Fhisfee SCieEri SRFT RS the,

pr opeldiddtthdedNupBIRE Gstiliatd v dIRRE Bl i BRI set of
DC voltages to the el gcltrodlgs. Q?SOO??n\g\EFf(gﬂ‘é%%?{gtg?a%{gragg{l r¥8t % above
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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.”

[0007] 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 (e.g.,
narrow-bore capillary tube) as known and understood by those skilled in the art. The

present invention addresses such a need.



narrow bore capillary tube) as known and understood by those skilled in the
art. The present invention addresses such a need. Attorney Docket No.
396501/ R 261dx2Y OF THE | NVENTI ON [ 0008] The present PCHUESRE09060243
directed to a device, nmethod and system for i npAg¥atbviDeEPNol 39¢5WOYTLCT
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particul ar configuration, by having an applied DC voltage to one or nore
| ensesback surtaqerafsedésitenvdistlosed ors of hisore rlertroed prirhic oif eledteo-stutici fgouising on
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of var fB\§es enmayeably prsitianesbhefoseg thesfmont surface of the first of one or more

configured electro-static focusing lenses.

[0009] In one particular configuration, along with other beneficial arrangements as
disclosed herein, an oscillatory voltage is applied to at least a portion of the one or more
electro-dynamic lenses and the plurality of electrodes to result in the minimization of
deleterious field effects and/ or repositioning problems of the disclosed ion transfer
instruments of the present invention so as to direct the transportation 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 so as to also result in the
direction/transportation and focusing of ions of various charges along a desired ion

channel path.

[0010] In accordance with another aspect of the present invention, a mass

spectrometer system is disclosed that includes the novel coupling of one or more electro-



channel path. [0010] In accordance with another aspect of the present
I nvention, a mass spectroneter systemis disclosed that includes the novel
coupl i ng wO 20me04s23nor e el ectro- - AAttorney Docket No. p@2GBY0R/HORGE3 dynam c

or electro-static focusing lenses to the first ghaaieyDiRkef Na. FEWOLPCMY
lon guide (SRIG to which oscillatory (e.g., radio-frequency) voltages are
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may be directed; positioning an outlet end of an ion transfer device
bet weemaas fpecttormpeter is disclosed thdténéludes: poviding omke drivaofd ¢lsttroidynhmione or
nore el ectro-dynam c focusing | enses and before the back surface of a

desi r efPcysingdensasrededtricelly souplsdtp @ fitst elertigde Eratcomprises apluyaliy of

i |l ator | 0 th | ect ro-d ic f i ng | d
Che. pl et Sal HoaH i nelPr o Bl MR prRiaty v O hdte PRC e mste Setip
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travel podifioh#lg fisoatlét &ied ofsp et trahsfehdepice betwedry dish Positiorawitht thedrdrer
transporting and focusing ions wthin a | ow vacuum or atnospheric pressure

r egi onswiface ofetbe fispteafithe wmear merajtledtrodydamiafodusiigieeses andbefdire thedpaskor
nore elecgtro-static Jenses elecirically coupled to a firsi electrode that
conpr i &3¢ ‘%ils %?%%Ui‘“-t‘{/of&ﬁ OF 8P4t Ff?arrﬁﬁx%%ig@eﬁ%%qse@weﬁ ARIFEE hat i n
conbi naf i ] r - B ' e ' an
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the first Oof the one or nore electro-static focusing | enses and before the
back sooifames iohs withésithe tbroctearorel;ramdeincreasing the radial electric field penetration in

the direction of ion travel.

[0012] As a final aspect of the present invention, , 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-static lenses
electrically coupled to a first electrode that comprises a plurality of longitudinally spaced
apart electrodes that in combination with the one or more electro-static focusing lenses,
define an ion channel along which ions may be directed; positioning an outlet end of an
ion transfer 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 longitudinally 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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el ectro-static focusing |l enses; applying RF oscillatory voltages to the
plurality of longitudinally spaced apart el ectrodes; applying a DC voltage
to the ormwoanivmse3el ectro static focusing | enses havi ngca/useoe@e2ds vol t age
that is related to the peak RF anplitude appli egktdihed Ddcket NbESHSWOLIPET
plurality of longitudinally spaced apart el ectrodes and thus generate an

el ect r[0918] el d t haany arlaagbmengrdeletesious fisldieffdbtnanhdgor mgositarrﬁﬁg probldms
increasing the radjal electric field penetration in the direction of ion

t r avel ofthegtipdgsatbiomdrangser QQBEI\M’CPQE*}[Q)B@?HH inventionaremyaimined by the
deleterious field effects and/ qr repositionin tobl ens of the.disclosed
fon”t r seiGiiine meiodiasitiarafty And syREBRCS the BhveoR iSyartii Hhadiial e
coupl i %&@% f ' ' n

addi ti%?ﬂgt eﬁlﬁgte{(;?hg tl?%se@g?uﬁaeut ra gagﬁgﬁﬁeﬁg{ggo va?‘kelﬁgtgé%%ﬂ gtwsért o the
downst peaBurd W cf3hy heassePedttometertdie aldsedapat by doB&eImpledatdralty r educed

by for exanple laterally and/ or angularly offsetting the ion transfer
devi ceandl{ or anggedy offsetting theriontransfrrdevies/ivith respecihie chexivo tramspoat | y

of fsett,ing el ectrode ertures relatjve to apertures of adjacent el ectrodes
Lo bl ofRVike Fnfianes aad iieraly efsetingelesadraprrasecielatis rIRRFRESS PhoL4]
FIG 1_j: L]@FH%; heti:qn of . spectroneter incorporating an ion
transf%gﬁf%g}? ion %5&8%2%(%(?% hgg\(l)?glegqg(r)a%gl?ruct ed in accordance with an
exanpl e enbodi nent of the present invention. [0015] FIG 2A shows an

exanpl e cross-section i an_1on E@MCKM ring ion

gui de (SRI G arrangerr“%!{?ftﬁwégﬁlk _)Btb%gﬁ& on transfer tube
ends before the first surface of the first electrode of the SRIG [0016]
FI'G  2Roghpvws anpRsaiRl £5HeARRISEDiERERbE ¥ hetls SpelrORGRlr thOs &m%g' &h idivbe
/ion t angré)ort devi ce ar?ar?gerr{ent c%zf t he presgnPelékﬁvent@lrc%n, \H?EI’EI the
out | et transfep tulidydon erankpartsiesticet dopstriustedoiv feostddrea edith harexbgipleen t he
front and the back surface of a thicker first electrode of an SRIG [0017]

FI G 3ambpdimentofthepybsentdreendast rum of the hexa- pepti de ALELFR obt ai ned
with the outlet end of the ion transfer tube ending before the first

surf aCﬁ)O%] the 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.



first electrode of the SRIG [0018] FIG 3B shows a nmass spectrum of the
sane hexa- pepti de ALELFR now obtained with an ion transfer tube/

el ect r o- dyoanio4sn23el ectro-static focusing | ens/ SR G ceaftiugosinsezas of t he
present invention.Attorney Docket No. 3965W01l/ fformky NdckEt NEI965 WD DRCIF
EMBODI MENTS [0019] In the description of the i nventlon herein, it is

under stood that a woREEAHEDIESCRIPEEOL EM INHENTSes its pl ur al
counterpart, and a word appear| ng in the pl uraI encorrpasses its singular

ot hor WOET Fyrt i s dPoeripibe'of e A RabErnete Y B Bhiot et Bdbmede o

enbodi r i ves
e R e R e B
combi nee slaralidnopipassaditdihgulacoatdr palt) @mlb‘ssylrﬂphﬁﬂpldr(ﬁxtpllm&ylm&ﬂe‘rts@@dl or

stated otherw se. Additionally, it wll be understood that any |ist of such
candi dex stetesk otherwiseaFuxtbermereyitris pdetstoed thatiforany given eampagentio ess

un esembhdeSAesribed hetein b6l o ERs AR A BE GRS o
CONSt | Bl oo BAF KL/ R0B hOUSed lédeaﬂ 4L 3B OF RS BhL BB

and cl ar'ns ers erm

Accor di;Alky imphtiegor él?)’h@ﬁbﬁ‘ﬂn@l&sw&l 610§thfe@rd’cheﬁbfse nAHﬁEth@r@dllyp&r@ﬂFb@r s set
forth in the specification’and attached cl ai ns are approxi mations that may
vary depdedtowl thad any Hist désmaiemhrphdnpies br elesmtiyles it mebay dBustratink, Iopt t he

subj ect matter presented herein. very | east, and not as an attenpt
to |i nfimiting wpess ieaplicty er eﬁﬁhmalwrrdqaiétoafi w@tatedoshe3vise t he scope of the
cl ai ns, each nurrerl caI pararret er should at |east be construed in |light of

t he nu |f| gant pl L0g | ndi ng
t echni G}SZQ] (ﬁg a dl ng Sf ﬁat éeié fr}ﬁﬁit rlr(;art?@’drf‘Pr a%l%eesX ¥>r %n%gla%@?%erss&u
setting eaifemst banéiftaaﬂtsswaoafcohaﬁlow%acgo ORI @de PR F@éﬁﬁb@ﬁ&h BAndr e
apprOX| tions, the numerical values set forth in the specific exanples are

report edimas ape tecbes&hdera&qnb&behhg m@ahfledLh}etthlecteﬂm\/a]bmlﬂs' Avowrlingly, unless

i nherent]ly contain certain errors necessarily resulting fromt he standard
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 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 (e.g., a narrow-bore
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deviation found in their respective testing neasurenents. Gener al
Description [0021] The present invention addresses deleterious field

ef fects amo/20mwo4s2posi tioni ng probl ens of desired instregenissomhei24sitilize
stacked ring ion guides by generally positioni ngttbhteyddédiket Nensoeswen/Pen
transfer device (e.g., a narrow boreAttorney Docket No. 3965W01/ PCT

capi | | aa}glillaqbs)bel)(boge ahleastfush ithstheviromt suréack et before thedaak dubfateofthehe
back SUfface of the el ectro-dynam ¢ o el ecthgé static focusi ngt | ens or

col | eceiegrordmpanispr elerdrosstati doghsing lansiosrelestire focusing lems pethepresantat ed

that simlar c ' ' ound i.n -pending. U S. Patent ..

ol i cicRlonclh kPBR bRt g uRSIek Lo FRERRR Sactoting B Bbencinatls
Modes @hte ApHlicafonSEraNo. B7/825 D1BEehtMd R BfLEpbY: DEYiRE AEMBHAS OF | N
its entirety with any conflicts in embodi ments contFoIIed by the present
di scl oQpreeati¢groUBSjechS aze bebeindirpbrated by gufeaenderherehieindteentietyp tath anyout
nore particularly, the electro-dynam c radio frequency (RF) focusing |ens
di scl oseeflistsripiembedignenty oniraed by yhepresentidisclosiee.| ens) is often
configured to operate in a simlar fashion as the first electrode of a

SRI G I I_n_hawi Ll ar. | | di ' f ab 2 b
about DR ana 2o gt bt o B Biort 5 et SRR R PRl B o o1
t o1 . | ng a i et df i
R o e R R e i R

mm up tgnaimdeitub@-likedens pisatftetscantggueed kebperade if a afinilanfabhivnhsdsahe diest ce
(tube) to be confidently positioned therebetween the front and end surface

pl aneselgttrode obh&RIGoSudinadens indwydng gimidarslatayal dimhenpiens ofabdtit 26tmm by
el ectroge 'iQnJS a SRI&% of.mta]ge Br esent invent 'bon.. Thus, .the, physical thickness
i tsel f ARYHARLT ABI 4 Simglar apBHUFOrARgS Sy BAYINGH erdteediameiaT eBERHE PR an
lon tr 0 . oY nt
| nvent oon70 By kil 1AL ICARERG inih IR ARHFIRIeollr dpRIRARR
di mensi@ok vaf a diekihesdTafPe Bovn2 BBt 326 nifh uptE Md1E.0 Wem| el e diitldtend
about 8.0 nm and all configured with a regul ar thickness of, for exanple,
bet weenf abdort trangfendevise ( o1bed bube totfidentlc positibaed bkenebetweaadthedrartaind: he
outlet end of an ion transfer device (tube) can be positigned therebetween
anes of the electro-dynamic focusing lens operating as the first electrode o

pr edet 8RGSHEgCe pl the electro-dy gl perating 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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surfaces, which also beneficially enables |arger ion focusing |ens
tol erances and thus mnimzes positioning problens and the harnful field
ef fects, weo adigasrsed herein. [0024] Wth respect to a cmgise009/060243

el ectro-dynamc or electro-static focusing | enxtesinediDRREL NABIGSWRAINPOT
applied to such lenses in a variety of novel configurations. For exanple,

an RF dactrbde sypetettraned tobe imerjoat of phasephith dhle laries)eduhé poesenhequal i n
frequency (e.g., double the frequency) and either in-phase or out of phase

% t hhr iswgation}: A\ another beneficial copligutrtiam hescasing lens (i pdsdlergrasiatc
t the first K 4 39 /| PCT el de i
b1 edet 5 APy ascap R e i Vplade Bt iteRga AR sP st pf b eak®

i nvent Q,thF]-&{ | G A gur atd [pﬂ.‘lé' ns (i.e.,

t he ellég{a %né)lélﬁgt@ irac eng@ggjné%ﬂecgﬁ’@%{p%g'fecﬁ S?’l] %(pe%m%lci VO ff gﬂéglt at is

r el at eghdouneéredialen® firolvingetndimal idifecHealof e SRIG] t ude (whi ch coul d be
ranped with e.g., nmass) applied to the first lens encountered along the

| ongi tudi nal direction of the SRIG &0025] Wth regards to the series of

| enses[083%bodi nenWith regards tathet desies of lanseaembodimant, dhe langenthemselygs age
regul ar thickness that. caollectively o te.as .an el ectrodynani ¢ focusin

| ons, I 91 aranghmeRk 2ol resyine Higknet thek i epHvelyanerais e A RS g & same
applie A f ' ' ' ' out
of - phast S B e AR . o e BB PR VIR o

el ect r @ffe @ppliét freBlien &Nt PHiabg oARE 0k Ophyliédlebapling)buit éitlie Andf phasee

or different frequency (e.g., twice the frequency) as the first el ectrode
of t hle(e%?J ﬁ%dmgrae&:)mgﬂ—;ﬂia@a gvithn H]ecsplec@otthd fl;aﬂ eldclrtr@ﬂ;tt obthe Sld%ﬂ(?a?ui h@Vllng a
exanpl e arrangenent, e series of |ens; ensel ves are al requl ar
Chi ckn¥se phatiergnt appiiveds and ersame %rsg‘g%r‘g}téé%qqﬁrﬁ%(ﬁﬁifé‘“?%&?f €BR¥)

slightly,in.contact (Vi Y LN § £ h | ed
R fo thedEprEbaRhgr bt Pue oo BRI Gis s RRE DL KR Rl ectic ABhoBRe, O
havi ngetifpRaRartaséhtdtHe MRS OF lbr{s@t}?é?ﬁée%esoire'aﬂrlﬁ%gafa@ tRickReds thut  of
phase or in-phase with respect to the first electrode of the SRIG and

havi ngcallestivelyospetafef arantleetrpidynadeic dowdising kems stiphtly fif eontuct (viadoency
(e.g., twice the frequency) as the first electrode of the SR G encountered
al ong examplengapasitivexsoupling)wish anappligdiRE tmthefgeigs haking equal amplitudens

enbodi ne h ries.of. len . :
and tffqulegcys and &1l iR the Series acvqrrllg ?ﬁe\!/ Sare phase but wherein the series of lenses

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 to 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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applied fixed DC voltage (via fixed coupling) that is related (including
opposite) to the peak RF anplitude (which could be ranped with e.g., nass)
appl i ed twotzhm/dssr2st | ens encountered al ong the | ongit usdcmals2eiment3 on of

the SRIG Thus, such an arrangenent al so provi dgofeh Déi&kedNio939635 WO 1/PCE
that is simlarly achieved with the el ectro-dynam c series of |ens

enbodi peesent Bpeatibhc ABdomwpby thodetkidd i the alt, simalyte dorscinaydie forexdyl e
configuration of a mass_spectroneter 100, which incorporates the novel

el ect r slegirpspiaying a sprple selytigniinta yripnizaioneehambey 107via pnglegierspraeyi ce
105 coupl,i s constructed, in accordance with e di nents.of.theAttorney
bocket PRebe BBt e pise et v Rl AR hE At s R Bg R0l S e
art, ame) ulieobAAITBE MECkANTEG BY el A QA 21l hen into
an ionlrjzat%oﬁ %ng?}é 10%1 v:ha ange g%t%%%p a3% gﬁggséﬁféo. F%?aSl J(né}izbgﬁ' source
t hat utéddti@switheaekgedurebgisand pakttilgudesolwited dirdplets; flambiito 1R irdéend
general ly be mai ntained at or near atnospheric pressure. The anal gte I ons,

t oget hef, for examplek g convientienral aon traasfer suibg/ 1he@otaraewebatesppilagy thbepandnt o
the inlet end of, for aml e, conventional. ion transfer tube 115 (a
narr owtr@aﬁreseéaﬁﬁqf}%ﬁyf Fafp Blbeinrlar th dniluence of |ad?r§§wr8fgraﬁ@nﬁ-ﬁb9&réﬁa@ t he

I nfl ue . r B . L QCH, L .from
| oni zalasisH BT S oy g0f RABE: 167, REHERS Eap Py RIRMIBPM 1o 0
Wi t h mulahbfel eulsdaAitemsltipRYchaAnsld Pitaytbe fibstifiteli T6r fidhglecdaRRE] iohon
transfer tube depicted herein. Analyfe ion transfer tube 115 is preferably
hel d i tragsfed tulbedepictechindraint. Amaliteadohltrarisfek2Qbe Bd5 is preferabbdhéd ingoodi dge
heater 125. As is al nown in the art, heati nagof the ion/ gas stream

S0 k ]
passi n§herArad GgRtachwithy aklacka 20 dhat is heateddh cartiidge heatey 432 rAs isgispknown
resi dual ,,sol yent ..and i pncrteases the nunmber of analyte iops . available. for
reasar Bhiar ARagBRir O W et e i BRA i Fron$BE RS BRRE ons
(not s BNaRIFRGR of FRRILAR I ShelintfdhSesthe ntirfb@ ool Rk i6AdadaiRble for
arranged in"a novel way to open therebetween a predeterm neé region of a
si ngl enwasargrhetitalAistiopnfiueddofithin dywamcauirodizshber 130N tHeesjalf@Gonvfath can
have an applied DC but are preferabllé RF coupled with a first electrode
t hat nakewn)gmerge from iondmanwer tuhed18evia 08 osttlet kad Jab'samanged i hevel way
to open therebetween a predetermined region of a single or a plurality of electro-dynamic
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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[0027] In particular, and as disclosed above, with respect to a single
el ectrodynam c focusing | ens enbodi nent, the RF can be applied having an
equal or wofhawasi2zanpl i t ude and having a sane or differemustosgsrasy

(e.g., double the frequency) with respect to ttlﬁtofrhwbo@k&%&.@@@Sﬁ‘Oﬁ/ﬁéT
T I to be

SRI G encountered al ong the longitudinal direction. It is also

appr edi0828]d t hat Alsbexsslisgissedhbave, ovitly nespect fooihesenigs bélensesrembbodiment, s
additionally capabl e of being configured to be either in-phase or out of
phase, the lgpses flaemsplyesare ingrearraagrsnent; all of segilar ielmess vagh anapplied RE

anot heb e e ORIl AR AR B Gp R ey e KA HIRe phapgl ke (e

el ect r@ﬁ&ﬁ&él%ohﬁlﬁ%) Banhmﬁg PP aﬁférgﬁmﬂF%d@Mws&h@for dstr&rehat ed

(i ncl udl ng oppos to the peak RF anplitude (which could be ranped with

e.g., apiid fapphdrey (bg. tdwubie tlwd freguencgi andnt anedonbangf phasel relagionshiipnal
direction of the SRIG Attorney Docket No. 3965WO1/ PCT [0028] Also as

di scuswith rasrars to the first elgstroderad theySRKer A anether example the seriesef lenges

I th I L. t || of I t hick W th
It R e L N DA S
i 17 or eag aztdp R B o0 ek Pl DAL ol BehaBf) B RS come

doubl epldye df HRERBNBNY wthckespEANE tid fitstlelRfrodeastehe SRIG e eréd hfdngahpect
to the first electrode of the SRIG As another exanple, the series of

| enseslongindiial direction beceribs giilepdesdregionfigured witht asame\ralifféxent epplipd e,
capacitive coupling) with_an applied RF to the series equal in anplitude
and fraéﬁHgﬂ’éij)% e FaerRy difterert epplisd dEeqeney, -aF,dOHEIe I%ﬁ%ﬁ%@ﬁf&pqmie t he
first elec e _of .t Rl nter Long, the 4 i tudi;nal ,,di i.on,
the seRPBEP BT R ot 8t BIRHG L SHiEE rE Bl 18, e PebEiF Br i 86 R
anpl i t4RHBAIMACA MR tRE siHiglé RiBRimBRAMiEH, the@aHENEY 1chBedean KA EabPed
frequency) and a sane phase or out of phase relationship with respect to

t he fifixdd BCeadltapeevif fixdibc@ipling)lthatid delateah(inchuding bfsposite) teithgpeak RAs
enbodi nent, the series of |enses can have an apgl i ed fixed DC voltage (via

fi xed aeppiudegvhirhconld beramped Wit pgdimessd ppplied & thefirshéensesicorntere
A R I P 210 e e
[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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[ 0029] To achieve the | ow vacuumwi t hi n chanber 130, a nechani cal punp or
equi valent is coupled to chanber 130, as denoted by the acconpanyi ng
di recti onab 2a1rw0a®123so as to enabl e a pressure in the rargedseanoaizent 1

Torr up to about 10 Torr (approximately 1-10 mAdéfRéy)DoMbiNG ®eswaDPdT Y
of al so being successfully operated over a broad range of | ow vacuum and

at nos pinetude, pue ssnstestriolly hietivekto, ahemical ichigation, pdtotoiohieatiboLdndllaber .
[0030] It is also to be appreciated that the el ectro-spray ionization

sour cedesgsptien og mattixgssistedblagendessirptionignization dABPay of an
illustrative exanple, and that the ion transport device 105, which includes

| nvent (OB Enoul ol R mate BRER BT L PRY Y i eBer kel ¢in RS
Ceahni oo 1 B0 B 2BREh oA Lo e A B et g™ “et o

el ect r elestpo-alynamic oe eleesrosstann fdesRigleAs 128 hiyh Banssirt levice 165 V¥E t&bd
include, but is not strictl ¥ limted to, chemcal ionization,
phot o- disaussediin furthardetaddrel ows tadial comfimement mind-fasusisg e idrsswithite oy pt i on/

{7 aner TG LAt bty be AP Bk LG RT 2 okngk Rk B GBR (NG ERanne
132 def ] it Bl ' [ : rQ- I - tic
Foous: PP raisttd Bl podiort ARRINSHe L IEC BB AHOPTI 26 BBS AR P,
det ai | apart@ed dlédtdesdBBiorNSNENUIIADE, T6lealfisng té ele@Rd-dyridthid fbOkifg faHae!
132 are achieved by application of either  a DC voltage that is related

(i ncl utRSandEepargjretieledieodes i35 RE thajuin transporidievice d06 Als efurdwped wi t h

e.g., nmss) plied apertured el ectrodes 135 or_ by oscillatory voltages to
the el gvgwféea%mctmmm iqnsadong wrpehanneb 13kt devieg exit d37 mayeke 135 of

the iopn transport devi.ce 105.. AS. | ther di sqgussed below,. tra ort of
ons. asAREILbfRiNeg a3o0g il Db Gy Rlorme P g AP B

gener apadkgrSuh®@8as M@ tHéGohb akdesined! 1oM% 188/d Bhi tRehdpdet AEA%: 985 A8
background gas i'n which the 1ons are entrained. lons [eave 10on transport
devi cend@dbway farused bestnyaridatesditedted thidtghaipertlire 440 of ektractighleap 45 irite 140
of extraction | ens 145 into chanber 150. The directed ions then pass

t hr ougtharaperghdldEbe dipctaddions thempassrthrough ion guides 155 and 160 and are

delivered to a mass analyzer 165, e.g., a multipole device, which, as generally depicted in
FIG. 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

-12 -



delivered to a mass anal yzer 165, e.g., a multipole device, which, as
generally depicted in FIG 1, may take the formof a conventi onal

t wo- di nerwoanalo4gizadr upol e ion trap | ocated w thin chanrer/usZ@y/oéiranber s
150 and 170 may be evacuated to relatively | owAkaReY DATkEYNIEDGSWO1/PCT
connection to ports of a turbo punp, as denoted by the acconpanyi ng arrows.
[ 0032] thelt@ro ppasitewblamg-tika field geadientsy dd) V@nah ddérexted by aoferercetmansfadr
device_115/ ion_ transport device 105 (e.g., a stacked ring ion guide

( SR G) 326aand g M mméﬁer@tﬁ by the referengs saansral 22% dnissleaving poteninlsasace

Uus. P t fcati Seri al . 12/.1 013).. Such ' ti

'l ot ePE FESiQrfigiiveelefioded iithis LpaIble  BoRnangL &Y Ehat ng
bef or e, g Rl preride bR gad *euﬂra 20b'eRdctidfeb 296V 18 Reb RN OleE o BY 284 ARBESRRIH05
dotted 1ine) of a first electrode 202 that can conprise the ion transport
devi cewhile theidh trafsfet adkett 5 is Mgainingd bdlgrdu®id fdtenkial. Febat duch.a only the

first three el ectrodes 202, 204, and 206 of the stacked ring ion guide
( SRl G cordiguanporHomirdjecteries cabe pintildtegh adskovs iarl G RAwmwibly aboet thiitgkened

(ot eAcPITHESFoER R IRied R sVt cPerBethiont hev s Piavs ob SPoRGZAR Kalterse! ¢
gr adi e{%}lgi’\m[ e% tﬂiry {iaéﬂgdjﬁﬂ&}t (?ige& d 51%1&1? 'i(%ﬂf erigﬂpﬁ‘{ ﬂGZZ’Z‘?) wﬁﬂg a%)bl":_it M{ir n

denot e e referenceé nunera rPeavi ng potential’s are often

appl i eglajebtosies Are SHEW A UIAHIRER 61 @Sty chirddd Hne AR Sama nRs¢eHdvdh a8f +10V
Is applied to first 202 and third 206" el ectrodes, -10V to second el ectrode
204 of sdlicelirsml dirddéd from left tdghbin FIGu2X)e All thiedofd b prodmiing sucted at

ground potential. Fromsuch a configuration, ion trajectories can be

si mul afai§ctogies Taisea srol rergy of akpuh0.2p slacttonryelis with thednitial yelosify

et i gt PHEeaT SRPE e B e {122 o Mer B Wi ATt Bt

t hi rt Yhé@sbodthpPdgst ori es are shown sinulated for doubly charged ions of the
same nmass (shown as solid lines directed fromleft to right in FIG 2A).
Al'l the ions in producing such trajectories have a small energy of about
0. 25 €]0633) on- voFEG. 2B showhen ieratipdéd cross-sedtional etdvo bf astomppith transfepial

steps bhetween about -22 and 22 degrees with respect to the horizontal axis.
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 -10 V,
and 206, having an applied field of about +10 V, 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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[0033] FIG 2B shows an exanpl e cross-sectional view of a novel ion
transfer device 115/ ion transport device 105 arrangenent of the present
i nvent i orwot2oioieasreg an el ectro-dynam ¢ | ens. | n parti culpamrjuseamlosiz4end 115

of the ion transfer device 115 device i s now pogithiryodidee NaDEIGFR012CT
front surface 126 and a back surface 126' of, for exanple, a SRIG

conf i givrecexpierience the stkangeist fateedee to tudjeld effectsavidémetrio-Kh 2 than that
focusing lens (el ectrode) 128, having a_.thickness fromabout 0.6 nmup to

about 85 shemp indIGn 2Pand:therefoye sugh hulliply erged awaafﬁérgzr@cay@ﬂqqclgtq loses) 2g,
havi ied fiel.d of ab 10 V. | | It

ci oct 1 S ABBY AarkhRaonin Lot entibmal arrafedBons Sfotd Thedliy cbBRe SOPRE o
app! i eghd &@{épal%i@&%@mtiemé b&effls 8t ?fél‘;ﬁ‘ésédﬁﬂv&%brgﬁéj@lu%§%@%rhﬂe&5’ are

shown in Fl Al'so as before, field 'gradients are shown

t hi ckesiudashediecioras ofiRIG. QBs\the otonaésaof dipglysolie arieaed [tuspanil 224,
1.0 V/ mm denoted by reference nunmeral 226, and 1.5 V/ nmm denoted by the

r ef er efleabhuthiredlashed linespary substantiallygimilas. whereas thas is b ebear ylifferenee irhat
t he ar re the fieldis less.than 0.5 V/ mm (within the gradi ent

cont ouﬁﬁe béeawsg,n{%l\yg]sg}s&i%@]%%ﬁesm 224) is larger in FIG 2B, which

I ndicates that fringing fields in such a configuration are reduced. Since

t he el {c for ' 1S, 3 ' Ik i:nl
Char gel o)L oo Es BlkoAS BdbncllaPiiat WA tkdohliguiilSs UL NRIG | oo

due t 02BN o belefictil katbaligengaheelickendd Sec26dé 128 of FBG. 2B (6R9Whe élactrd G 2B
and therefore such multiply charged ions are nore subject to | osses than

si ngl y dynhamgefpcusing liens af enpresentoinakntionsragertsmbe befanfigureé ps aserienof i ned
toward the central axi,s of .a SR The benefits aof the present jnvention
are tht¥ °§’ééﬂ°’?erFei?q¥éo'§D’HﬁF3‘f QH‘SF%&%Eggr(?% eB‘PteﬁIQth d?ﬁ“’ihli“??ew{t tories
of sin |l Oy all ' r

subst ARt RSteLs 12 LI FIG 8], 365 AR MaHPE o g B0 Bllabled T B st

bet weedyhhfmié AseusBigsleRs télefirRes, AWhRR-mird3ads é!dsiﬂi&iﬁgsgﬁob&nb@wﬁeﬁkeﬁpwded
that while the configuration, as shown in Fl 2B, i s a benefici al

enbodi tean jon transfer clegived18laadt thod hatd8uldieléleffecBBSperificallyt, sach a series of

el ectrodynam ¢ focusing | ens of th%ﬂ-ﬁ{ esent invention) can al so be

r econf fyQradnaze lgnsesapdesronfigared a regular thickmess sdor example 29, 129

(as depal £ RY¥s r%rsnh glgmlltl d's %nr\rllml}ph{onalgoqﬁ 1 mm, to enable comfortable positioning 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. 2A4, 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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exanple lens 128 of FIG 2B). Such an exanpl e enbodi nent al so enabl es
| ar ger el ectrodynam c focusing |ens tol erances, which mnimzes positioning
pr obl ens wbenioaspeed to an ion transfer device 115 andpchus2ivensiud fiel d

effects. Specifically, such a series of two or A@RémelDocket NeBIBWO1/PCT
configured with a regul ar thickness of, for exanple, thicknesses from about

0. 5 mm8fphiase ahiffertente (8., drwoanebplase@xhaipleat@npesicht)itienfthé RE-dedtt et
end 115" of the ion transfer device 115 while also providing for the

r educedyiamisdoasing &npsandthesficshvalectroge of tieSRI@egejurktesd dlangtibes an
exanpl.e nmpss. spectrum the hexa-pepti de AL tained with the ion
R P e iR artec b, lean B ta Rietampls oLFIL. S gan s epple! {rhesingl

el ectrg- dynam . i Y| i : r ' 1,0

Conver 2t fTelt 150 e Bl Smp R L SRERL BB Wltof e
now obpledseesiitirédpeditd B2 firseaiRt@bdé BPee SRS if R-tdalbmpasietNss dtRedl SRI G
of the present invention, as generally shown in FIG 2B Froma conparison

of FI GhoveAthanth&present reventiondsant tdlae carstruesiasdimited tRBuch sirtgloletgnani ¢
focusing |l ens reduces the | oss of the doubly charged. ions of ALELFR (nz
374. 8TRMeri{gqyeReY, sAmgsunppktucsapreven am REasTangeanentoMaraewer, the presemte

o BRSBTS MBS R SRR LS 1
el ect ré}gﬁe&fro-ts%c?fgkﬁ%ihg)léﬁs‘? wWiPBirfthe!lBides dpfehi Ao &ghp&:'r tﬁic‘f&l\}tggsg ggﬁ( Baye C

focusing | ens, 148 V(p- at 680 kHz, wth aAttorney~Docket 965W0L/ PCT
180 phasapplidd fixeh O (oltage (vam physicall coupling) eberipkelatod @ndadait ¢ i WP €

t he RF-el ectrodynanic fOCU_S(I ng Igns and the first el ect(r ode of t%lgﬁglg?G
encourtherpeak ffoamplitede orbichisdutdibe gampediwith exghi masxapriiefliothefigstdend e of
FIG 3B can, be.applied.to the, single.electro- am c focusing | ens
enbodi%ﬂf‘nﬁﬁglaﬁ%g Ppgﬁaglr@:l@ F’é‘dﬂ@ﬁ%‘%ﬁ%ﬁ&out of phase with respect
to the first electrode of the SRIG it is to be reenphasi zed, as stated

above, [Olbﬁe'ﬂt the RiGeRtlen RAFEYdOhd s%r{élgiolfj (ﬁjé&sg§c§r? Ase HEQQﬁehiKﬁ {Bhet O such

single s, sane frequency, Ssanme anp or even an arrangenent .

Mor eoweries efaalphesrplitidevait frequetdy @ld phas(pid & physieal ¢@splifg) ek $@sing a

embodi nent that collectively can operate as an electro-static focusing

| ens, saineg phasetdreoutef phwse Rfarlatldnsbip, eagul 8rdagreek meitls respant todthe 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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an applied fixed DC voltage (via physical coupling) that is related
(i ncluding opposite) to the peak RF anplitude (which could be ranped with
e.g., mswpapplssrd to the first | ens encountered al ongrchasbangsdusli nal

direction of the SRIG [0037] Mre often howevesttores DiikeENo $965WO P CCRN
have an applied RF to the series equal in anplitude and frequency and phase
(vi a aaligrysentdf thewplertwgs. AH ohtha electeodesmaayp hase identivallysizaqohaysertiRes

| ati hip, e.g,, .180 d : tl t to.the first electrode
encountiBh Aaf WGHEE$iEeq BRETTTE gl oxalliake 616 PO caRETEY ) YolinEs OPEse iand
4 h [ di nent can
a1 gnt Pk HERPASaBp LR ARy bl ol BlerhPRE So it P grea e doichat
appl i eghdrhilayhfitksaaH wifHIRal ddifitne PRSI PanABH THRQ 1SRRI CRALAARY uﬁ% e
wherein the series conprises a sane phase or out of phase relationship and
a saneSRIG didyf ler dividéd eoenmnfigudtatios arterein alpfddetemiinedplutalite ois t he

first electrode encountered along the |ongitudinal direction of the SRIG
[ 0038] elagirades argr inferdeavedswith a pluselityeafdither eonfigured elratended shyhatef er ence

U. S. Patent,. lication, .Serial . 12/125, 013, entitled Lon Transport
Devi cor ARG IS B TRF T R crUpLy volfaRs tﬁahfstcipmﬁs it phads paisBpects
| e? ' r
Genor af | en amarerg, Vol AecHhpHad € et ERcirOURE in o (RFGRCRY UhBhEbhefl, the
rel at i fisqeregulat amplitiidegiittar aggfiac eillass; v6leagistra fioph abbee0 bMH2 dphe
mass spectronetry art as "stacked-ri ngp I on gui des. Each el ectrode, e.qg.,
]

204, ako awowd Midzargl from abguibihipp do aboutdChV pie(peakeotperak)ghewhdained ons

may pass. ..JTh ertures._cqllectively, define i on channel, which may be
strai gwpl}rwf%‘i?@aa ,St‘iﬁ’é‘ﬁé‘)ﬁa%@“%wttqli‘eﬁ?%eé]ﬁéﬂ QrEPYYy tisppreseningvenbeneesl / pCT

align I t : ldentically
A L R e S e
radi o- §ihBRENGELribel iR GfcoTPBFAEd by refdrefce Uis, P&?éﬁttpppfwk%n?g@ﬂiéﬂm.or y
vol tages to’such el ectrodes so as"to generate a fiel'd that radially

conf i NEY 126n@13mndhthusxanastilipecidwien rlahades kelafihe tetenteraiteal] idrefurirke up
the SRI G may be divided into a configuration wherein a predeterm ned

pl ur al flexicestasdinawn gad deserbed i theaary.danpartantly, she pbpye dessribedreructure

OO b oeffds 8l RIS e I FRRRRE KNS s 36 B RS IR PFondihale il S Y
device exit. As an additional configuration, the electrode spacing can gradually and
continually increase in the direction of ion travel along the full length of an ion transport
device 105, as generally shown in FIG. 2A. In other implementations, electrode spacing
may be regular along one or more segments of the ion transport device length (e.g.,
proximate to the device entrance), and then increase along another segment (e.g.,

proximate to the device 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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to the oscillatory voltage applied to adjacent electrodes. In a beneficial
arrangenent, the frequency and anplitude of the applied oscillatory
vol t ages woeofowmamzabout 0.5 MHz up to about 1 MHz and f romusbaaine®@d3 up t o

about 400 Vp-p (peak-to-peak), the required anpAitbiists IDeikesNe! 3965WO1/PCT
dependent on frequency. Moreover, the present invention can be configured

wi t h akemtnalrreggedandtler edgecat theqdatepaestahlick atectitieal SBhfiectérisde thei t, as
simlarly described in incorporated by reference U S. Patent Application,
Seri al of@llatpyy apd/opPs” ¥plagdsuIcah utilize fewer el ectrodes relative to
conventional ion funnel devices as known and described in the art.

| mpor t gy heqalioue. descll ped ahuehuLe, crent ssimd aRer efh slechilipé el d

that f the i'gns tTo & narrow beam pr oXi

an addifei PRaly Keitbh@dah ia%ugﬂélfD@_ @&t&@%&é@% '&Hsdﬁ@Ech{rﬁﬁﬂé%h%d’ra?élﬂb
continually increase in the direction of ion travel along the Tull Ié%gth

of an ieferdricanidfoPatedenipplicafion, SesiadBlvend) 135, Shdwhat appli€s a 8.of IDC eblteges

i npl ement ati ons, el ectrode SBaCi ng may be regul ar al ong one or nore
segnent@elgetrodes, iegh elackiosies 2P4.R06; aeshawmimFlG. 3B, The arplied soltagesiaciease ce
entrance), and then i.ncrease .al on npt her,. se nt .., .proximate tp the
dovi o6 CEeeRRte i R REHER G ar B o nEpeRHineatt Btorhas e PrS ettt

whi ch ﬁ&lﬁogggfﬁﬂrﬁgéigfcﬁ%i fi&Hre%éﬁgssig]' ﬁe}co eﬁﬁ%ﬁ%ﬁg t6RLRE Fx deB20d %iAdHah

manner . ectrodes of t ro- atic or electro-aynamc

f ocusi agdlepparegrthaetnd@ssindd ﬂr@lgpie% davy ref BREus Uraler qypical ppahenghahditions,
partially or wholly fabricated froman electrically conductive material,
such a¢ lengitudiset DSt feld gradinrdof 1-2Vy/ ram g sudficignt tocelbroiriaite atadling af ionse

el ectrode structure be fo d by depositin 0 an appropriate

t hi pkné‘é“g‘“&r‘i‘é’l‘ levérarggé{ﬂqvam %fr fi?é&?g%téﬁmm Yo Shigrite Shtobinedtcant r
regi on L1 i . 7 .

i nsul at1 é%ﬁ%ﬂé@gfggagﬁ%ﬁngg{-l%%[t&ggggﬁg | rlhg P Pﬁ?te’%ﬁglé%&%egg%r sl.halféY set
of condugtriowes [HAGRSWID Y. 2! 88t rdspeSdlyRdaReE MRE et th6déd S6dI8YndPELRIddNO.
3965W01/ PCT central region and the edge of the plate to establish

el ect r ithating @levtmides masthieo thdretasing leleatrodys, angl/el entrdoles\204t 20f¢ as shiwwadn

[ 0040] _To prevent pseudo-potential barriers fromstalling ions, a

| ongi t &8ndB- DC fiel d may be created via a coupl ed DC vol t age source, as
di scussed in incorporated by

[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 entrance 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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reference U.S. Patent Application, Serial No. 12/125, 013, that applies a
set of DC voltages to electrodes, e.g. electrodes 204, 206, as shown in
FIG 2B. wbeomppabized vol t ages increase or decrease in tireTdisc@otseas of i on
travel, depending on the polarity of the transpattottey Docket NocBIGSWO1/PCT

| ongitudinal DC field assists in propelling ions toward a desired direction
and enspa@sgihgt padary ord mmeppitery rdaye sediste the coaxintumdexpplipdivedtageper at i ng
conditigns, a longitudinal DC field gradient of 1-2V/ nmmis sufficient to
el imi ndP@VBtR 1 ing of ions within an ion transfer device of the present
invention. In alternate enbodi nents, a longitudinal DC field may be

genera y apphyi [ t t i.Ld gLy, el t
Snouny 100521 ZPERSIS R, Pl BaFhs Bt Rt BFRALIED O o
the ripgdal aeld &dBsdicd Vg Sltl@rrfa? ihEIRE e IR BSIR Df 16ngitu@nRY iREessird4,
206, as shown in FIG 2B. [0041] To generate a tapered radial  field that
pr onot efecarodiegipatiog ardongitadirallyfihcmasingyosaillatdry weoltdgecfmplituds toatreatd ¢ke
structure that makes up the ion transport device (e.g., 105, as shown in
FIG 2mypereddieldpl i t ude of oscillatory voltages applied to predeternined
el ectrodes increases in the direction of ion travel, such that each

el ectr n1€. 0., 1204....206,, as _shq WA recei toky

vol tagig@lslgreat %? aéﬁbtf?%’ﬁg‘élc?nep‘gﬁi@w{e&fi 66 Seg r’(?agse%fzﬁaq@h%%l}'géﬁ ie:gé;ﬁ 28,

di r ect iggfan chibed@niiptre®9AtH Lt@&i%nh}’ iOtOEHAERSs. MR Ferdf ¥ PhRE UeBepfibiafites et
of attenuator circuits (not shown) coupled to an oscillatory vol tage source
(not shorsmpe ths eheotredaspd as eowdéfinge a ativanl ionhdhansel, stiah as,ybutaldt digeitdtho an
frequency of about 0.5 MHz up to about 1 MHz and an anplitude that varies

f r om aSothapsd iop chanegl sutamagyptejorchanaelges sigulasht digaagseddngncorporatyd by

300- oseigrinse Sapienk AprRaloR, s N 24785 i SudtEataiReyiient GliPeq
: : . : . ‘F
R e R S o e Skl K
Docket 1oWer-po&uEd tddidnsobthietadssp@ctrofiedér, tigereby ﬁnm\@iﬁgts lesnoigduce
al s

t he maxi num applied voltage to | p-p). [0042] 1t shoul 0 be

r ecogniratids amdreduEng punmpiggeeqfivemgatier ati ng a t aper ed
[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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radial field enbodied via a SRIG may include one or both of |ongitudinally
i ncreasing el ectrode spacing or longitudinally increasing oscillatory

vol tage awpl2otoude1280 create the tapered field. [0043] | rcadsemon243 he ion
transport devices 105, as generally shown in Fl #tortBy DUckefN6.3968WO1/PCT
configured wth straight ion channels. However, it may al so be benefici al
to arrid48] t he eltécto belanderstasd timtdehhilathesinvantien has beet des@ibedsinch as,
but not limted to an S—shafed ion channel or an arcuate ion channel, as

si ni | aferjuRetiiuwdtdthedat desaintiprpiereatetherforegoing desgripfiomsgntensledda,
Seri al, 2/ 125 13 . .,Such _an_ arrangepent reduces .the streamn

ot r szt Bt Bt theiePeR o M ATRGEER vERNISEREREY fRRgopRar the

| ower - i f t e Lk ' j

o1 gnal Sp e O o e B KL fch EoLe e WIBR RrRe o
si m | atHeffotlb®gdns sliimsn i ncorporated 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 electrodynam c or electro-static focusing

| ens(es) 128, as disclosed herein, but positioned to be at least flush with
the front surface and before the back surface of the el ectro-dynam c or

el ectro-static focusing lens or collective | ens of the present invention so
as to also reduce stream ng of neutral gas nol ecules, clusters and

undesol vated droplets into the | owerpressure regi ons of the nass
spectroneter. It is to be appreciated, however, that the present invention
provi des a beneficial aspect for such an arrangenment by constraining the
directed ions to the center of the ion channel, as discussed above in
descri bing the aspects of FIG 2B, to prevent unintended fragnentation of

| abi | e anal yte nol ecul es fromcom ng close to the el ectrodes and thus being
exposed to regions of relatively high RF field strength. Att orney Docket No.
3965W01/ PCT [0045] It is to be understood that while the invention has been
described in conjunction with the detail ed description thereof, the
foregoi ng description is intended to
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illustrate and not Iimt the scope of the invention, which is defined by
the scope of the appended clainms. O her aspects, advantages, and

nodi fi catworneie12di t hi n the scope of the foll ow ng cl aiPas/uAkeconney3 Docket
No. 3965WOL/ PCT What is claimed is: 1. An i dttorneynPpckét NieBO6EW QKRG si ng:
one or nore electro-dynamc or electro-static focusing |lenses electrically
coupl edvhat i8 cfdimet il ectrode that conprises a plurality of longitudinally
spaced apart el ectrodes that in conbination with said one or nore

el ectro-dynam ¢ focusing or electro-static |enses, define an ion channel

al ong which ions may be directed; an ion transfer device having an outl et
end configured $oAnHan teisposidedce, eamprisingiveabl y positi oned between a
flush position with the front surface of the first of said one or nore

el ect r o- dynani c©Be ot mereralecitarelynamicois¢lagirpstatissfognsingdenses elessriesdlyk

Focust RguPlsrBa it gleEfore 3Ty rapehat phgelSeb CaB ALY SHcrd 2 y
il .af e . i ' : .
o) oot r SEBEOMAIE iR OF Bt il ke e 81t A Rablic Bog of | 1ge

sour ce etdbio-gutietbrises, Aping ah ik chahhaldfoh® which st maypRIdik&ite®df sai d one
or nore electro-static |lenses, said one or nore electro-static |enses being

coupl ed to sai danlio &lainbfer eviledriviRegn oot BEd abRfiFeFLOSEiHak 8hidrdtutlet
vol t ages; wherein at |east one of (i) the spacing between adjacent

el ect r eddss nanatablyi poditienedrpbivwestea Hfish pesitiopl witl the €idrit atifaye vbthteages of
said plurality of electrodes increases in the djirectioon_of ion travel. 2.
The i ofirgtofisaihene geinQre elgctra-dynamic grlegrorsiatickpensing fenses andbeberied one
or nore_e [0-d m ¢ focusi | enses egual i.n_ anplitude and frequency
put " outs P SBTAEIRR FetBERIT e RERF Bt PR of BRI 2l by o
| ongi t yghiadhd enseaagd apart el ectrodes. 3. The ion transport device of
claim1l1l, wherein an RF is applied to said

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 at least one of (i) the spacing between adjacent electrodes, and
(ii) the amplitude of the applied oscillatory voltages 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 with respect to the first electrode of said plurality of longitudinally

spaced apart electrodes.

3. 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
in-phase with respect to the first electrode of said plurality of longitudinally spaced

apart electrodes.
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one or nore electro-dynam c focusing | enses equal in anplitude and
frequency but in-phase with respect to the first el ectrode of said

pl ural i t ywof20loomgi28udi nal | y spaced apart el ectrodes. Att ecmas20090ke2t3 No.
3965W0L/ PCT 4. The ion transport device of AttaiweylDooleeNai B965SWOHRETCY
applied to said first electrode of said plurality of longitudinally spaced

apart el ectrodes fI?neQBnQraQ'lsEBﬁr &Aticd 6@(%'1%‘@)’%@%1%1%%&@% 11 g%p?flli%d% nor e

el ectro-dynam ¢ focusing ses. 5. The ion transport claim 4,
wher ei saiddirdt ele¢tredeof sdidgduenity 0|f $ortgitwkinalbe spaceduepy elebtrodbeisi dfa
transport device of claim1l, wherein a DCis applied to said one or nore

el ect r giftargny féeq@m@sam%hﬁdn@ sid pre @r pEPSleciedy hamiq focpgingtledsaso the peak
RF anplitude applied to said first | ens of sai d pI uraI ity of |ongitudi naI |y

spaced apart el ct des gneoun red alon the ection. 7.
The ion transpoft VT BFoR ré??ﬁ"ée %\,ﬁ ?‘B ‘?8?@?&81‘ PR | on

transfgrt“Qgé/méefré@u Xsabl y positioned before the front surface of the
first of said one or re electro-static focusing |lenses. 8. The ion
transport device of claiml, wherein said one or nore el ectrodynam c
f ocusi ng | ensesb.cdinerios ¢emmappttudediced of dbinel cehereinyia@iis applied togaiienses
having a sane phase relationship. 9. The ion transport device of claimS8,

wher ei ﬁn% ar oy ﬁkecﬁtﬁ)a%téﬂ? langes bﬂ‘élﬁllgrﬁ t1§e$D&V@é@g%§txaalqot%pé 40 thopeak ng.

10. Th t d h

rel atl %1 @n;ﬂ%g)\r}]i ﬁlggvslﬁﬁcfg Séa\%}falftn %%ﬁﬁbnﬂgﬁ;nﬂs P %Sta%ﬁians port
devi ce, dﬁtrt%t&wdts HEGIRkReP Rt QH@}cg{r%fﬂHlﬁale&?&ttfo‘}Pynam c focusing Ienses

or said one or nore ctro sta es conprises a single
el ectro-dynamic or electro-static focusing | ens having a thickness from

about 0.6 nm up/.t TheliontrahsPortdevict of lddeim 6/ whesdin paid owtdotictd ¢ffsaid ai m 1
wherein each of said one or nore
ion transfer device is moveably positioned before the front surface of the first of said

one or more electro-static focusing lenses.

8. The ion transport device of claim 1, wherein said one or more electro-
dynamic focusing lenses comprises a plurality of electro-dynamic focusing lenses

having a same phase relationship.

9. The ion transport device of claim 8, wherein said same phase

relationship is provided by a physical coupling.

10. The ion transport device of claim 8, wherein said same phase

relationship is provided by a capacitive coupling.

11. 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.

12. 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
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el ectro-dynamic or electro-static focusing | enses conprises a thickness
from about Attor ney Docket No. 3965W0OL/PCT 0.5 mmup to about 1.0 nmwth
sai d one WO 20wv@sEBect ro-dynam ¢ | enses or one or nore eCeaiSL@INt@YS C

| enses providing a collective |l ength of up AtoaieyuDo&ketriNo. 3365Wid/POT
transport device of claiml1l, wherein said ion transfer device conprises a

| at er a.5afnf uptto aBeut B0 rAhd with d4id Bné 08 Resre d&tf18yAgMi€Elen8ls SPbkk ghe or
nore el ectro-dynam c or electro-static focusing | e%ses. 14. The ion

t r ans puordre gbeciroestafic idraespioviditey @ colledtivedengthl aftuyr o almdutymnsource is a
radi o-frequency (RF) voltage source. 15. The ion transport device of claim

1, wherein the i tude of the_ appli oscillatory voltages to _said
o

plurality of | ohyilt§dPRATANPPeHHedceplfain lewherinsaidiondzansier devier

direct] f : . j n rt device of claim1l, wherein said
pl ur al #%pg e% %?\a\&g}{a&3?1%#5&%{6%28%{5%%?{?‘ rgf}gec%#% esceé‘gﬁ‘b?'ssaég Rl rst set

of el efidredREtRALAPMIRLE driléétrd BificI (BaYEHg I&lsasi on With a plurality of a
second set el ectriodes, wherein the osci I%atory vol tage applied to said
first set of electrodes is opposite in phase to the oscillatory voltage

appl i ed to sai dl4dbendn $etnspbriedeite ofddasim 1,/whéhen thaosqbatorgevitage of cl ai m
1 wherein the apertures of said one or nore el ectro-dynam c or

el ect r RECEIY &1g eé&wn%r@&vamg%wgcw urality of longitudinally spaced
apart el ectrodes define at | east one ion channel selected from a

substantial ly i i hannel. S-sha I, channel , apgd an arcuate
i on channel . 1?5" %g%%n atrillrS ﬁﬁfgcpd;eﬂmeﬁcll%g gf@ggg?ﬁ\%f awl?gﬁ‘éfiﬁ OP ﬂbe spaci ng
bet wee b PESMatRk ¢ ChItapeStoNaid Plitkal o \dcadi y spaced
apart € }Zlgj%rodes in%r eases in thg di rgg{)fialgﬁ%ﬁlaﬁ%&gg?%haé\fgﬁa%g The ion

t r ans pelettrddes inerezxses irathm direattver efithavadi d i on transfer device conprises at

| east one el ongated capillary for carrying ions fromthe ion

source. Attorney, Docket No. 3965W01/ PCT 20. The ion transport device of
claim1, whereilp: d e don Srneparideaiicareh il 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 set of electrodes is opposite in phase to the

oscillatory voltage applied to said second set of electrodes.

17. 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.

18. The ion transport device of claim 1, wherein the spacing between
adjacent electrodes of said plurality of longitudinally spaced apart electrodes

increases in the direction of ion travel.

19. 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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conprises at |east one elongated capillary for carrying ions fromthe ion
source having an outlet end adapted to a position before said one or nore
el ectro- swatnn/dsenzses. 21. The ion transport device of elcaiused9ocozher ei n
said at | east one elongated capillary conprAstesnesuDoclgitNd. 306FWEOA/REGENNel s.
22. The ion transport device of claim19, wherein said at |east one

el ongat ed capi | 2@rThedehitraspatt deviesidf @hirkNgwherdih@aididrstrhrifegdavigé ed and/
or laterally offset with respect to the central |ongitudinal axis of said

i on tr apepoises delepstconeodongatedsapilpay foneatreing ioosfrons ithegyioresourom source; a
mass anal yzer; and an ion transport  device |located internediate in an ion
pat h bBAVEERT ALtk eRted 30 d RITLIGRRLO T ARe o RErs BRCEP ATt devi ce
furthe goprising: one or nore el ectro-dynamc or electro-static focusing
| enses eéctrically coupled to a first electrode that conprises a plurality
of longitudinally spaced apart electrodes that in conbination with said one
or more el ectr o2Uyhelibe tABPSkdevate 6f @&ink 99 SivAbiein keREaTeadt@nene an ion
channel al ong which ions nay be directed; an ion transfer device having an
out | et elomgatsshéapglliaryccagoptises mektiple don Flow erahrieds. noveabl y posi ti oned
between a flush position with the front surface of the first of said one or

nore el ectro-dy .c .or electro-static focysing |enses and before the back
surface of a dezf'rlﬁ'& lgait@r@RBr‘b‘ilevﬁ‘iﬁ%tc%l?’é'&#?'o‘ygﬁ%ﬁ@d&tq%?%@?ﬁo static

f ocusi I - . i | I C ' o apply
| ocus! DbeRSeapIR ARGl WAL oKL AEF, SAUEERCOINLIN R0

el ect r RuteaNgBffset AEELFsPBEL t53hE cBhiaAbhENulina® hRBIJTRHRBiI0H trandory Ol t age
source configured to apply a DC voltage 'to at |east aAttorney Docket No.

3965WOdEACH.

lerfs

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

an ion transport device located intermediate in an ion path between

the ion source and the mass analyzer, the ion transport device further comprising:

one or more electro-dynamic or electro-static 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 or electro-static lenses, define an ion channel along which ions may be

directed;

an ion transfer device having an outlet end configured so that said
outlet end is moveably positioned between a flush position with the front surface of
the first of said one or more electro-dynamic or electro-static focusing lenses and
before 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
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portion of said one or nore electro-static |enses, said one or nore

el ectro-static |l enses being coupled to said plurality of el ectrodes having
appl i ed osoi2bloatsry vol t ages; wherein at | east one of (PLTiUse0®peRUNY

bet ween adj acent el ectrodes, and (ii) the adgtarhexBooketthe 39pHWE@UPCT
oscillatory voltages of said plurality of electrodes increases in the

di r ect igytieh of ealdt sV mo2é eledie-stRSSleBBAS b4idMR b, mdte EledirBlstatic MWhsdei N an
RF is applied to said one or nore el ectro-dynam ¢ focusing | enses equal in
anpl i t dengaemliffled qoemicdyplovalityf ebdctysivies dawirtghapelsesboscillatothgoltages

el ectrode of said plurality of longitudinally spaced apart el ectrodes. 25.
The mass spect r onethereingit ledshione 28 (i) WiesEcingbetRFeensadjpqent etbctrodesi d one or

nore el ectro-dynam.c focusing | enses_equal in anplitude and frequency but
i n- pha@diy hher%@gbefzé% of § mRliesk osgilkaderyord tagres Of sidapluralitytf of

| ongi tudi naliy. ed . [t el redes. 26. The mass spectroneter, of claim
23, V\/né?é&nﬂodaegfﬁ%g%%%é@%%gﬁ%@géSPéoé} tara¥‘$rst el ectrode of said plurality

of longitudinally spaced apart electrodes is of a different frequency
applied to sai d2ONEhOMmaBD5Sectctfiétel Ham 23, haedteinen RENS 8ppliéd to JAl8 MASS
spectroneter, of claim26, wherein said different frequency is tw ce the

f r equemnag.or2Borefdectnaslynapec foasitglensés ejual i 23 plithde and feeddenicy bappl i ed
to said one or nore electro-static |enses having a fixed DC voltage that is
r el at e@Ut&f Phasqwith neepeahse theitiest glastiosg qf@agieplglrahffys@f lpagifudinadly; d

plurali t)f{ g{ I o?gig{c%di nal ly spaced apart el ectrodes encountered al ong the

| ongi t GHRTAL 2R 8???5‘29. The mass spectroneter of claim28, wherein said
outlet end of said ion transfer device is noveably positioned before the
front surface 0b5fiR iabSbpQirciRétdr, UIR1RM P WhEbRCIA RFSS aghféea@&gﬁung _

| enses. Attorney Docket No. 3965WOL/'PCT 30. fhe nass spectr ter of claim
23, wheneior raatectel ecteo-diynantie fadusintg ledyesarjual froanglitgdé and éfequenpy baes a

plurality of electro-dynam c focusing having a
in-phase with respect to the first electrode of said plurality of longitudinally spaced

apart electrodes.

26. The mass spectrometer, of claim 23, 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.

27. The mass spectrometer, of claim 26, wherein said different frequency

is twice the frequency.

28. The mass spectrometer of claim 23, wherein a DC is applied to said
one 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.

29. The mass spectrometer of claim 28, wherein said outlet end of said
ion transfer device is moveably positioned before the front surface of the first of said

one or more electro-static focusing lenses.
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sanme phase relationship. 31. The nmass spectroneter of claim 30, wherein
sai d sane phase relationship is provided by a physical coupling. 32. The
mass specwoansi@si23of cl aim 30, wherein said sanme phasePCelsR0000602HD | S
provi ded by a capacitive coupling. 33. The AmosnepPotkaMNud. 8965WGEI/RCTH 23,
wherein said one or nore el ectrodynamc or electro-static focusing | enses

conprises a si ngh.erheaadPipeetionsdtcr HOThBR D3 KERGN 3aid bk B fHrE pRIAbOUL
0.6 mMmup to about 8.0 nm  34. The nmass spectroneter of claim23, wherein

each oflysainic twesing lepses @ineptises-alyhaaiity ofreledtestlynastiaféausirachisiing al enses
conprises a_thi (F;aness fromabout 0.5 mmup to about 1.0 Mmw th said one or
nmor e eP%‘E‘FrP(;‘-aa? atienshiRses providing a collective length of up to about 8
nm 35. The mass spectroneter of claim 23, wherein said ion transfer device

conprises a |at f with res t to the center of
sai d one or mrg'ghggﬂg%%%{/eﬁ%%gétgé0@@%@??8’-‘%’%‘5@%s%@fzm%gh?séenses. 36. The
nass s paatioNsmpes %Viggéwgﬁhygq&grc@hghhge oscillatory voltage source is a
radi o- frequency (%F) vol t age” source. 37. The mass spectroneter of claim 23,
wherein the anplitude of the applied oscillatory voltages to said plurality
of | ongitudi nal 33 Ravess spratronedtes of okém 0 evteasiesaid satne phiasect i on of
travel. 38. The nmass spectroneter of claim23, wherein said plurality of

| ongi t telptany Péﬁﬁ%@dﬁ‘gg’%a SARCHIVSRIPEBEpr i ses a first set of el ectrodes
arranged in an interleaved relation with a plurality of a second set

el ectrodes, wh it {tor NO 4, 396501/ P osci || at vol t age
applied to sai ?flﬂ‘se tlﬁgégst époe’rc H@ﬁ%ﬁ@?@ g3,0‘15§%r§1119 gaﬁaorb%%rs@oir%&{eﬁgo- °
osci | | gyAamiv et tlRe@o3PAd i%@u&iﬁgqgﬁzﬂzs%@ e8@lsi le%ﬁﬁgﬁgqg&si%nzhe mass

spectroieter of claim 23, wherein the apertures 0f said one or re
el ect r baviyganthiclaress frech abest @6 immf ws tsalhout 0 sen. and said plurality of

34. The mass spectrometer of claim 23, wherein each of said one or more
electro-dynamic or electro-static focusing lenses comprises a thickness from about
0.5 mm up to about 1.0 mm with said one or more electro-dynamic lenses providing

a collective length of up to about 8 mm.

35. The mass spectrometer of claim 23, wherein said ion transfer device
comprises a lateral and/or angular offset with respect to the center of said one or

more electro-dynamic or electro-static focusing lenses.

36. The mass spectrometer of claim 23, wherein the oscillatory voltage

source is a radio-frequency (RF) voltage source.

37. The mass spectrometer of claim 23, wherein the amplitude of the
applied oscillatory voltages to said plurality of longitudinally spaced apart

electrodes increases in the direction of travel.

38. The mass spectrometer of claim 23, 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
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| ongi tudi nally spaced apart el ectrodes define at |east one ion channel
selected from a substantially straight ion channel, an S-shaped ion
channel , woadosw4ar2suat e i on channel. 40. The nass spect POTAS2009060283 ai m 23,
wherei n the spaci ng bet ween adj acent el ectr Adtosney Docket Nut. 3065 WO1/BET

| ongi tudi nal |y spaced apart el ectrodes increases in the direction of ion

travel osdllatofh Qrol'fﬁgé appHed 6 BEidefirsotetdf 2l ébtrbiles \féﬁ@};;pbgitesm phdseroth@nsf er
devi ce conprises at | east one elongated capillary for carrying ions from

t he i omscbatory vattage egplied do paisl secomd et ofi electezndesone or nore
el ectro-dynam c. 42. The mass spectroneter of claim 23, wherein said ion

f devi i I el d. il f i
BECEARLy A SREE p EEALC
i d - j I f clai
21 2B oRG L EFRLER, 5 Skl LR, THRTIRG SREPLOATRLSY o &

flow CI@fg‘iﬁicﬁnal‘FﬁSﬁ)de AP s cePREHELHBNRS alleadt! AHeToft hahel RIdtte@frdndt | east
one elongated capillary defines at an outlet end, a flow axis being angl ed

and/ on substantiblly sthfgletiomichiinnal speStshaped hen cleanindd] andagiaradite@dn axi s of
sai d iog mﬂsmrt device. 45. A nmethod for transporting and focusing ions
wi t hi n€8a vacuum or at nospheric pressure region of a nmass spectroneter,
conpri sing: providing one or nore el ectro-dynam ¢ focusing | enses

ongi tud nal 1y S SadhnsbRln ey SiaRE s Ehe bR e ide Bl ol *t et
in C0n’ﬁﬂj&@éﬁt%leé‘&édbssﬁis‘ai&ﬁﬁl&Ii?f@ﬂ%n {taaid0 8l @phACSdtisdsenses,
define an ion channel al ong which iong may b i rect gd; positioning an

out | et immrdagef imthe direttianef om tdewelce bet ween a flush position with the
front surface of the first of said one or nore el ectro-dynamc

41. The mass spectrometer of claim 23, wherein said ion transfer device
comprises at least one elongated capillary for carrying ions from the ion source

adapted to a position within said one or more electro-dynamic.

42. The mass spectrometer of claim 23, wherein said ion transfer device
comprises at least one elongated capillary for carrying ions from the ion source
having an outlet end adapted to a position before said one or more electro-static

lenses

43. The mass spectrometer of claim 41, wherein said at least one

elongated capillary comprises multiple ion flow channels.

44. The mass spectrometer of claim 41, wherein said at least one
elongated capillary defines at an outlet end, a flow axis being angled and/or
laterally offset with respect to the central longitudinal axis of said ion transport

device.

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

ric ure ion of a e eter, ising:
atmosphe ress region of a mass spectrometer, compris

providing one or more electro-dynamic focusing lenses electrically

coupled to a first electrode that comprises a plurality of longitudinally spaced apart
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focusing | enses and before the back surface of a desired said one or nore
el ectrodynam ¢ focusing | enses; applying oscillatory voltages to said one
or nore eweabridiaan ¢ focusing | enses and sai d pl ural PCY/US2009/060243

| ongi tudi nal |y spaced apart el ectrodes to gattraceDacke Ne3963WOEPAT: hat
radially confines ions within the ion channel; and increasing the radial

el ect r iefectiogled tiatriatcoaibination witlesddloeetdrafiof ele@foldyddtic focusing

lenses, define an ion channel along which ions may be directed;

positioning an outlet end of an ion transfer device between a flush
position with the front surface of the first of said one or more electro-dynamic
focusing lenses and 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; and

increasing the radial electric field penetration in the direction of ion

travel.
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