| ON TRANSPORT DEVI CE AND MODES OF OPERATI ON THEREOF
FI ELD OF THE | NVENTI ON [ 0001] The present invention

wo edoatis®igeneral ly to ion optics for nass PCT/US2008/065581
spectronmeters, and nore particularly to a device for
confining and focusing ions in a | ow vacuum regi on.
BACKGROUND OF THE | NVENTI ON [ 0002] A fundanent al

lesighne f S
TOR IRANGRORT, DEVFCEARIMONES DEFBIRATION
the mass anal yzer, partjcularly through atnospheric or
| ow vacuum r egi ons V\higfIEREdFI on is substantially
i nfluenced by interaction with background gas I
nol ecul es. Wile t h. ER ' are commonly
enpl oyed in thesﬁ?ggi%ﬁéi@; connﬂ(gli%al l'y avail abl e
mass spectrometer instruments for ion focusing, it is
[0001] known Tk ptestitanedntion rélxesn gatralfy t6dehoptisifeeBadsSpectrometers,
Iimt,e‘gﬁ‘gue tg the |large nunbers of collisjions .
and mogs, puticelalyip Hevisrlor sepninganckigaesing ipns jromlov ¥asapey region.
| osses through the | ow vacuumregions tend to be high,
whi ch has a significant adverse inpact on the
i nstrunment' s %'gQWROQM%pﬁWEW{’r%W@]N Vari ous
approaches have been proposed in the mass spectronetry
art f i j i - I 6] in.low .
100021 72 yufs FETRASHAN el Bk AR Ueliefons R AR Pl e
efficient trangplortdd vorsdrate sher ioh scurceitodbOMals didlyAes Pattivubitiyt thrauich
| . Rqughly described, the ion funnel device consists
amoso B e SR ies bt St e o
i [ r f i [ m
e B P R e, PO B AREA B, Rt nciic
employad & tkgsctegionabf gommelcallycivhilabie massspetthenstesinstruments for ion

. radi g-freque RF) voltages are applied to the
focusing kg i o ffeakeneo aE R Bk o et o h large
numberk 38 c&libibné OfetiBcelby thOs. CohddGudityCldnQfanSbort [AEses through
device. The relativély |arge aperture size at the
the lowgiagiwe regiensderbtogredigly edhidlohasa digmifieanit adveaseciapaetnaethe
. 8 angd t he progressively reduced aperture size
msmm%{étes:?\éegﬁgsent“glb’@xed" RF field having a field-free zone
that decreases in dianmeter along the direction of ion

[0003] t r avelVaribhesppiyachechist Beer ﬂ@ﬁoie@ iRtHRah4R &%mémr\éfagrﬂfor

. may then be passed through the aperture of a ski
1mpr0v1(§1|g1

o1 Henspertefidiensyar i vemymaiegionsit Onpepproacigis ambadigd by the
ion funﬁjeq AtfiCe ﬁéschg& ino(§§1€1§ 6, 1'6%1:32@ %rg&tit% ett Al algcgughly described, the ion

funnel device consists of a multitude of closely longitudinally spaced ring electrodes having

apertures that decrease in size from the entrance of the device to its exit. The electrodes are
electrically isolated from each other, and radio-frequency (RF) voltages are applied to the
electrodes in a prescribed phase relationship to radially confine the ions to the interior of the
device. The relatively large 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 the ion funnel device are described in (for example) USPN 6,583,408 to Smith

etal., USPN 7,064,321 to Franzen, EP App. No. 1,465,234 to Bruker Daltonics, and Julian
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variations on the ion funnel device are described in

(for exanple) USPN 6,583,408 to Smth et al., USPN
wQ@2@845B24 to Franzen, EP App. No. 1,465, 234 tpCBUS1063/065581

Dal tonics, and Julianet al., "lon Funnels for the

Masses: Experinents and Sinulations with a Sinplified

t al., “TQDFEMNSfor thedvt é?%& 1?9 t N -

A 17082712 (26065t 6084 Es pa? ?@iﬁg‘ﬁ“xﬁk}‘nﬁ‘ apiffitd fon

Funneliak AmesrnSaers dhss Spee,sei.ulld, pp.i IT0BdSe2(20058Nnvi r onnent s,
its inplenmentation in commercial nmass spectroneter

instr ts may.be hindered by issues of cost and
(00041, 0,7 AR ﬂ‘ﬁil?%/f"s}‘."el:éet"ifﬁihéépe gis<d Spcerre Ly inrgisarch
enviro@REHt s TP RINenRion fih B @eREI MORE SpechBmBteP Métrlfhefts may be
uni que aperture dianmeter. This design results in a

hinderqd lyhispigs of et and madufattuabilsy. Aetppicalcon fimgl etilizes approximately

. CO It Furthernore, the use of l.ar,ge nu r. of .
100 o MBIy S OSLIRAE aH Sh: ohSh RSB e
part cowhti 20ld efedgtéd mRmuacRiriy-dooveid Bmpldxitye FuktRertidry8hd & of a large

circuit. SUVMARY [0005] In accordance with one

numbepphyiRg ptasttodss crentes p voorhighpapagitive dadi whishpequires evhiglepower

o [ L sisting of a plurality of apertured
mnphﬁ@f%%#?%Jgggﬁﬂﬁgh are spaced apart along the

| ongi tudi nal axis of the device. The el ectrode
apertures define an i orSUGMMARY al ong which ions are
transported between an entrance and an exit of the

o151y B354 LLOET 8 oL 08 SOUEEL 1 e
is providell a8 SingdfapIaR rabéﬁlﬁ?dp Q@@ﬁd'eg lw@ﬁélpeﬁlé Qfée{rbgg rgpél*‘o flong the

~electrodes to radially confine the ions
longitudinel/ixdeof the dsving Blie électeodeapetiaes defireraniioe cldnnehdongwhich

. | t he devi it, .t [ bet w
oo I e S ) TSI o
voltagd Jo@iR| coupl tb ThedlbdtRId¥s, JuFie8 bsdiMiBFy WIRELY iﬂdaﬁl a}f/)ﬁﬁ)‘f).hQQ

near the device exit provides for proportiona
phase relatipeshijetd the elertredes tyradiablycopfinethe atrisodn otdee tepmpvide focusing

. t t red field that concentrates i.o to th
ot ionsf el TG B8 il n o B G Ree GPac igevBen afacen
electro@dhéreaie® fythe Airb@@RofMEY bRt ERPRIAlVe) MestbLitdrRIRtrode
scanned or stepped manner in order to optimze

spacing pegh e deyics xdprevadasdprpropertiopallyl issreasedtascillatduy Geldas s

[ pe! [ fect I i tudinal ield i.ch
penrnfl AP B0, Rl T P ATn T A Fti
centerlipe. CTieah&shifadesdithy btlladory&oltades Bayvsd teRP6RIy Y atib®in a

el ectrodes. [0006] hi accordance with a second

scanned gh¥elRned Mranger inEderio eptimigs, tranpmission of geréaio fan Pesieeer to

i . Lty . | Y, 8 ert.ured .. .
reduce gf}g%: @?%@aﬁé@ Iéf%%dt% Sfé ?&?I}%ttﬁgl{rﬁ)a}ﬁf)b ﬁe?&%&hlgh SREL propelling ions
along the ion channel, may be created by applying a set of DC voltages to the electrodes.

[0006] In accordance with a second embodiment of the invention, an ion transport
device includes a plurality of regularly-spaced apertured electrodes having oscillatory
voltages applied thereto. The tapered field for focusing the ions to the ion channel centerline
is generated by increasing the amplitude of the oscillatory voltage in the direction of ion

travel.



vol tages applied thereto. The tapered field for
focusing the ions to the ion channel centerline is
w@eoenstoed by increasing the anplitude of the PCT/US2008/065581

oscillatory voltage in the direction of ion

travel .[0007] In either enbodi nent, stream ng of

cl ust . r sql t p. the
0007 G ot 88 R BRSO KB P ORL Bl Bl
droplets petht dowastesaniyiywdrepresdieaegiohy ofhe niks epeetierahiagbe@éduced

techni ques, ipcluding laterally and/or angul arl )
by one gf p geinpinglion pkteehiiques dngludingfaterally apd/or angukaly @ﬁisettmg the
capillafy ARPRIBC: AR £6h FOHARAEBOhdALELRA lalerdlly ¥Rhidlblectrode

| ectrode apertures telative to apertures “of adj acent

apertured eetitive tespdrimrds| o alljaserlt ictvetrodes3o luick pdine-of BRiHEpath.

DESCRI PTI ON OF THE DRAW NGS [0008] In the acconpanyi ng

drawi ngs: [0009] FIG 1 is a schematic depiction of a

mass spect r BREEEDESURIP PIONRIORJHADR AW NGRS por t

devi ce constructed in accordance with a first

enbodi nent of the.inyention, wherein el ectrode spacing
[0008]; 5 nélpnglg&gaomp@r{yﬁg PVEEEi on of ion travel to create

a tapered focusing field; [0010] FIG 2 depicts in

gr eat deta id @i ' ' : ;
0009 3,22 A0S L kb AR SR H R o
transpogixdenisle e onstrugtedap eccondapde slithat firstembsbaientrofitheinvention, wherein
ransport. device of EIG. 2;.10012]. FIG 4 depiGts a.
ctcteog FRFRR 5 iR T drliof bt EVPER! AR HROEH S Reinedicld
to pronote gas-assisted ion transport; [0013] FIG 5

[0010] depi CIFG a2 a€siewch e HEEIN theGbn irBspofiet ic@ A§RPithe mass
devi ce, wherein a tapered focusing field is created by

spectromgtar ©5dilig 1t he anplitude of the applied oscillatory
voltage in the direction of ion travel; [0014] FIG 6

o0 S5 C5S2ABAES PR EEDH 31,80l 1§ Rfgpon

device sf FEa®t ng of neutral gas nol ecul es and ot her
undesirable particles into downstream regi ons of the

nass ctroneter; [0015] FIG 7 depicts the
[0012] 55 G b emFs 4 v Ao frensaert devige havipe an gnglpsaire to

promotb%ﬂs-&sfs&&%iﬁ@ﬁEraﬁ’sﬁ;\é}t?e according to a node of operation
I ntended to naxi'm ze transm ssion of ions being

anal yzed by a quadrupole mass filter or simlar mass
[0013] anal yXé@; § 0616} aBe@nd@nbeginedng of the iapphnspattidevicefwlserein a

taperedsftogps?negdﬁeelggsl clrga g(? b}B Euc}/e%lsitng%ﬁe grr?pltltlage (I)to tﬂe applied oscillatory voltage

in the direction of ion travel;

[0014] FIG. 6 depicts another implementation of the ion transport device, which
utilizes a geometry intended to reduce streaming of neutral gas molecules and other

undesirable particles into downstream regions of the mass spectrometer;

[0015] FIG. 7 depicts the application of a ramped-amplitude RF voltage to the ion
transport device according to a mode of operation intended to maximize transmission of ions

being analyzed by a quadrupole mass filter or similar mass analyzer;



transport device according to a node of operation
intended to reduce m z-discrimnation during an

wo pjosasioon period; [0017] FIG 9 depicts yet aPOL/kis2008/065581
i mpl ementation of the ion transport device, which
utilizes atilted ring electrode geonetry to reduce

[0016] teQ S aﬁgI{)}L‘@ Idg% iofs [tlgén%%y]}ﬂ é__t[b&aof{f%%gggcli %i@ﬂ&%? ﬁol{alég té &% ion

transporingeverset@tingrio aimddeefioperatiomimsgualed t(dmducB‘Em/ZMihls@hmnatlon
tilizes an asymmetric DC field to urge ions away from
durmggnpggqtlaﬂpsmﬁ. gh RF field strength. DETAILED
DESCRI PTI ON OF EMBCDI MENTS [0019] FIG 1 is a
[0017] SChengGCo defbk tybOdholtier inpRARNARES bf ﬁﬁ@%r?fraﬂsﬁgn dev1ce C}Vhlch
I ncorporating an ion transport device 105 construct
utilizesj atiltpdodnedd et dpigedmetry forreducerthoBF fiehd stofngtthia a region adjacent to
th ténventlon Analyte ions may be formed by _
eje )ﬂgg%P%é%paylng a sanple solution into an ionization
chanber 107 via an el ectrospray probe 110. For an ion
[0018]sour CEFIGNEO depidth b F@sher MplehRlation BT ¥ idL&RNpEM evice, which
oni zati on chanber 107 WI || general |y be maintained at
utﬂlZCScﬂn PRGBS FHedd focurge ions awvay fropea msgtanafdigloRE field strength.
together with background gas and partially desol vated
droplets, flowinto the inlet end of a conventi onal
i on t r ansfETALED DESCRIPFION HFEMBIPBEENTSapi | | ary
tube) and traverse the length of the tube under the
i nfluence of a pressure gradient. In order to increase
[0019] i on t Wﬁ@ubhyﬂﬂchﬁ‘mm depiitatdf e mash spdeaomMEET 100ruiobrp:drﬁmg an

TR N ST -
Analytd fo@@ﬁfa@fbetﬂi@l@edf Welécﬁﬁ)s?ﬂe | Pk Ghp [Er’s%llutio%rlnforzfi‘iri§ﬁl%5t1(§ryaﬁmber

depi cted herein on transfer tube
107 viagnesieatrapprpy pesbg 1i10. § Ob@h iohspumt theo ntibicss the ¢lhctmsptagctkchmque

fonizat PR S4By 107 NG RERIY pF RighnigioetFi SF B pumo et prosoure. The
analyteféiss top@thehivith %ﬁck@d&hﬂdf%'aﬁ %ﬁ@pamunﬁ dés%?va@eﬂSdr%l%tsl ﬂo&zh&o the
evaporation of resid sol vent and i ncreases

inlet enﬁlﬂﬁﬁépnmntlamiuw wanssirgube/bliSl (aig @ Hatowirbers aamﬂerryttube‘l)hed

I th tIet end
raver 210, OB A PATRE R 8l il Mg g s
ion thrdughputdront ichingpon t:hﬁﬁb/drqe7 Jdbltipacish edwéHalihdls Ry b¥ ?%&H&%d by
chanber, 130.. As indicated by the arrow, chanber

Subs““lé\‘i’gé‘i!}élﬂlé'a cepillariess %&@%ﬂ@Wé@&W@ tigpstar mbe ferrthe single channel

r t at i
o BT SRR oISy ARERLRERES KBt o i oot
thermalvdolntacbmth A bidvk I2ane 1@ﬁea1edJle chetiidgé BEEONISTaA & iyknbwhn the
but it is
art, heatlng o% the 3n/ gasustreélm plassing through ion transfer tube 115 assists in the

evaporation of residual solvent and increases the number of analyte ions available for
measurement. The analyte ions emerge from the outlet end of ion transfer tube 115, which
opens to an entrance 127 of the ion transport device 105 located within low vacuum chamber
130. As indicated by the arrow, chamber 130 is evacuated to a low vacuum pressure by a
mechanical pump or equivalent. Under typical operating conditions, the pressure within low
vacuum chamber will be in the range of 1-10 Torr (approximately 1-10 millibar), but it is

believed that an ion transport device according to embodiments of the present invention may



believed that an ion transport device according to
enbodi nents of the present invention naybe
waomsaes®iul | y operated over a broad range of |POT/USIHORIOGS581

and near - at nospheric pressures, e.g., between 0.1

mllibar and 1 bar. [0020] It should be understood
be succtggsg%lrl)? E[geéfth(g ;82&%%“}59&’ rahggbjtzl%g \galgugt% Uhd Se%?eﬁmos;?henc pressures,
e.g., betwdandl. T atilliver axdanpdre, and t hat the ion transport

devi ce of the present invention should not be

eing |i ted to use wi.th an el ectrospray

constru
[0020] 5 ot H @é& lfqderSf%‘ dhasfths gpgtrosprayriongasourse Hepicted and
describk@ Hét%ﬁlt ik gfbskﬁ%e@ By, ?%f Lhat s{ﬁt}{v@&aﬁg@é bhd Haethefi8 trgx? ort
used In addition’to ectrospr y ’sour ce |nc
device ofithrripresent iovdntiat isboyld phdmsanstmmeziaetsmremg lanided tease with an

desor on_o trix-assisted |la o .
cectroESE PRSPPI BFIoh 1o VAR DRYUrer OB ionietian dscPpiaupsihet may
be subseikitéd fdi‘ oAkl @t akRiGbrl) tlﬁ%léch%ﬁﬁﬁ? SodrtPficihde ¢ ﬁﬁ?mi%%lf ioftiZation,

et expansion and trave t hrough an 1 on chann
photo-igeizatiend apd las¢ndesorptipmoempiix-askisted daser dessppsion/icheizatim
(NDUJ}QS As will be discussed in further detail bel ow,
di al confinenent and focusing of ions within ion
channel 132 are achi eved by application of oscillatory

[0021] vol t agwme ahﬂy%ﬂ@ﬂid axitele 6L leh@defonidRsRt niben 15L3ATRE ?ét
devi ce 105, is further discussed bel ow, transpor

eXPanS’é’Fl ang ﬁ@V%lltbwggh amicnrehapegl 133 Qeﬁ@dw\vliun ghesinferior sﬁlmmgansport

dorice T BEVH DELEAR ASOREA0 sy RBL S i chins o

ions witiih édn d:Haﬁnel (‘IIB afs athizned By B}ﬁ;ﬂlcah@msf d)S@ﬂM&)ry QB1tdges &s As¥rtured
e 105 as a narromﬂy focused beam and are directed

electmc?eﬁrléggﬁ ioffsnspere davier HiS: e inlirtherdipaissedibebow reagsport of ions

along 1&{‘@(5955111%%(%% gg@g 6%}82?3@?? b% Pﬂ%fl\@%&é g{r lggﬁlé’rgt%% oggltudlnal DC

field amir‘mlbyuiiormﬁhé fibwai thedtsackigroiind gak, invehich tulggorishiee Emtedined. Tons
a conventi qna vvo di me si.onal ., quadr upol e.ion_trap

leave iqnfransport deyies Wéocué%ialwaa@r@ 1259) 5%6%@0 perture

140 of B8rRUES 1AL €45 hﬁo Eﬁ—in% $H Y ThOWR Eé%ﬂ&@é&é?gm%ﬁg{‘g) %uides 155
connection to ports (0] a turbo punp, as 1 ndica

and 16Q &l are doliveered/¥oi d masscamallyza‘rﬂfﬁﬁ c(mlaﬁeavs drgmclﬂﬁ may tdlepthe f@th of a

comvenf S AR e Wk G BT DS B et cGhambers
150 and "0 mRy bé G@a%uﬁt‘é@ tOfeldIRER 16@1%?&%{11% Qg rﬁé:‘aﬂé Qf‘cconﬂfectlon to ports of
successively reduced preéssures. FIG 2
a turbo pumpy wgﬁlcaﬁed by ibee«ntowm aWVhile mm)traahspcai de;vum‘ 10508 deplcted as
t transport device 105 is
occupyjig i aRElF pfetiee Pt yRBpG ARG Ty Hitlira 61 seswgeidlevice
that brid@R t@b o Rbeélchabet et residhat duxc&@i@e@%&&% bres§ilrad. 1 on

(as used herein, the téerm"longitudinally

[0022] FIG. 2 depicts (in rough cross-sectional view) details of ion transport device
105. Ton transport device 105 is formed from a plurality of generally planar electrodes 135
arranged in longitudinally spaced-apart relation (as used herein, the term “longitudinally”
denotes the axis defined by the overall movement of ions along ion channel 132). Devices of
this general construction are sometimes referred to in the mass spectrometry art as “stacked-
ring” ion guides. Each electrode 135 is adapted with an aperture 205 through which ions may

pass. The apertures collectively define an ion channel 132, which may be straight or (as
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denotes the axis defined by the overall novenent of
ions along ion channel 132). Devices of this general
w@orstisoes i on are sonetinmes referred to in thePCEES2008/065581
spectronmetry art as "stackedring" ion guides. Each
el ectrode 135 is adapted with an aperture 205 through
I : :
diseuss B bR S oR §3 FIR8) AR e HERRER, ot Wk aiiihleiPor e
apertur¢saskh Bnmssenhabldadwabﬂlty and mdni:@coswi alllofte®lectjodes i ¥ thay have

| at er t .of. the apertures.
identic§ TS a3GSits AT Gb CORERTEEYOBIF SN e dedercd aite of
aforemértfon8H €PN €67 § 3010 Ptith BVA. bﬁl@fé‘iﬂ %hle}'ecﬁbaggossesses a uniquely
apertures 205 (in contradisfinction to the device

sized amrgm)os%uoscﬂlamm (&g oragie frequaney) WbREE 6quk 672 BRplies osc1llatory

votgeS) Yoyt s MEES) B 960 S GE LG5 355878 0 with o

channel BI{B Q%édoﬁﬂﬂgfﬂﬁé/bre%?fddaﬂﬂ)oﬂﬁﬂérﬁ Ceadil BleBRBdd B3 receives an
oscillatory voltages to el ectrodes 135 to t her eby

oscillatgaiediage that fsieanel in pmplifddiand fipqeanay bheeppiositsinphabe to the

[ a fer r
ot SROARN P HREH 0 LR E R SRS hay oo
d1V1dedt 1hﬁia pl&raﬁhtbuaﬂ firsteledfdes DURIngIEatddORH{E B pYurbliry oPRERRH e ctrodes
hase to the oscillatory voltage applied to the
220, Wl&ﬁ}hs dishelestrades 2 dasceiviag g ppatiatary wiltege ﬂ)@az,syppgstmphase
2

win o oA RIS b L L FL SR 205, 15
implementation,ftbe frequehcehetimplitede 2flthe apsitid\dseillatny 06€dgel ated.5-1

h h
itz a3 FOEVort st o b eamr b anide being sealy fonsadent on
frequen%?olt sﬁbulﬁ b%%BteQﬁhat tﬁ?oﬁlﬁgﬁé}to?q ?ﬁ?dets hgsf d%f QNG ){heafn&lres has

[itude of the app OSClI ages ar
been 0110865} drbivtazilyg aod Sipudd Bot\le-contnedke llﬁﬂtﬁhe\ h(t)ventldSletor mlpaftﬁﬂllar

T O TR T S
50 mm KGR heEbbtivBer! Parld BIKIESrdABS ﬁﬁ@fbl thO ARFEs&d Qlltérre"i‘éc'tljo}iet: opacmg

and shoul d not be construed to mt the i1 nvention
near thexdgyigsaaxiti amloartransprivedevide ehstotatabiesicedidmioearith this embodiment
h
o the i RHEAR Bt P 1 P R ARD s B S o e
device @se6bddddeBPNIIQ0Y 828 RESIAR eEASHH thetQhted hﬁﬁ:ﬁd'aﬁglgs cited above.
spaci ng near the device exit, anion tra sport device
constructed in accordance with this enbodi ment of the
[0023] i hvent'P6Fraid @ tapered sleatricyfiald thiat fosuses e ioas m:a nm beam

. l,at i . At | |
proximfE BV Bt P B RARKERA D SULIIEL AN B e
direction ®If &dretaviell bnu i &ho Wi i Gk bfdsaabe e UIPAPZ3Y2 095 & Bahfends well
tapered electric field that foCuses the ions to a

as the af%ﬁmatwoeaé@ mlipnek pharticla) dhat dee redial pargiratiothef an oscﬂlatory field in
a stackédqjﬂ%' dﬁ)ﬁ' g{;{a@ s 5‘ o?&!tl%gal% t]?e ﬁgetr f c&gdei{%%ﬁ#?nf e?ﬁgn e 127,

Ion trave
electrod(es ees a.rglativélPeNsely Spae@3®hich phovadesimitsl 148l field penetration,

thereby producing a wide field-free region around the longitudinal axis. This condition

promotes high efficiency of acceptance of ions flowing from ion transfer tube 115 into ion
channel 132. Furthermore, the close spacing of electrodes near entrance 127 produces a
strongly reflective surface and shallow pseudo-potential wells that do not trap ions of a

diffuse ion cloud. In contrast, electrodes 135 positioned near exit 137 are relatively widely
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as the aforenentioned Julian et al. article) that the
radi al penetration of an oscillatory field in a
WGEL@SHE™19 i Nng i on guide is proportional to thePCT/US2008/065581
i nter-el ectrode spaci ng. Near entrance 127, el ectrodes
135 are relatively closely spaced, which provides
spaced, (WichgHoviadh dtectil €fRubBREE oAl (AR 1o IS |
P wi de f%?%lld-freeg 1r eqgl gn gr oSndt%éOF%r%?%ﬁrd@ﬁ%FH%%9& field
penetratieinsind eadb wingofghofiditideehtghnethfthe cantal lonfitadingpixan deis
. of . ions flowing.fromion transf.er tube 115 into ion
believell e HRE rejasd R idefi B BrdderBatin aear deuist ayt 4 7 will ot cause
signifi€in€ fon' 10684 BedAB i0RMre RB6R IivarBHRONEES] &iSid tﬁ@ﬁ#@(vel a}ong ion
reflective surface and shal |l ow pseudo-potential wells
channel 432. Hoonesxemplapy inoplsmentatiordof fon srnspont delvimed 05) the longitudinal
. ast.. el ectrodes 135 positioned near exit 137 _ar
inter-efe@0dXpheip® (Rl 8 B vallis o S0 phER sretiange, 12710 Smm at
devicefeizus7.ng of ions (due to the greater radial
oscillatory field penetrati on and narrow ng of the
field-free re%i on) to the central |ongitudinal axis.

[0024]; ¢ 5 Tpéhq BAEd anphedimers, e leeireds spagingés depicted as gradually and

- . . Spacing: I Vi C Pt 137 will not
cominty S LR FHE AT DF RS LEYE B enkio b o
device tl 0Svatrothbxeintpdethéradtiony| deddde BRicing B Ebe AlgRE alodB one or more
chaﬁnel 132. hi one exenplary inplenentation of 'ion

segments ghtisden trapsppit devigs lengthdeigomgprimatatalthe davige etranes) oang then
: - ’ r . . (o .
e O SpeinL & o Fn L BeiGRib B Bho iR et
implenfen@tiods enpadlineatesighia vehiel theaitetropaspacingiificrdae of £6tepped
s gradually and continually increasing in the
rather@?? g@?}l@ﬁﬂ ®fon travel along the full Iength of ion
transport device 105. hi other inplenentations,

[0025]€l ect NOgRr SR BchdiBohsRE o!, §@idtAhe Biégﬁﬁ%%ggi{éﬁﬁ?% ggglﬁtively high),

. segnments of the ion transport devi
lons trayebng theoughtion traespdehvderiee d A maydeyomestdlleh@ ., itnppahwithin wells

al on nother se nt (e, . pr.oximate to the device
betweef R0 Ry AERE Povusht atFcie e et von &Verggme the pseudo-
potentiblt Barii&®. To ASidIRis pfobMih ChlohBitndh8 B AER xﬁalga&l a‘aaeted within ion

increases in a stepped rathér than gradual” manner.
channe] d3by prowifhng & BIG dliage sortce 2ndat applies a sétof G haltages to

rat i ressure is relatively hi. , .lons traveling
clecrofB33 1A aRP BRI BetinyBottios SBipbshif hutison pEfor e
depend{rig ¢ the poRPIBEES the trandgpoyredl lohs PERSBRENRISE DOHeasdibts in
they do not possess sufficient kinetic energy to
propellgigdpestoparddeviseardfolddtaad ensiresthatryndesiredteapaing dbes hotsoccur.

Under S5 el A 00 ) B LS e
to elimiragd st#lfipg bLidnawithin ioh tRsMOddvagaDst On eliafilte @EMDdihaRts, a

. The applied voltages increase or decrease in the
longltugm'a]e,]egi fighd gray ibg gensratge by applying suitable DC voltages to auxiliary

electrodes (e.g., a set of resistively-coated rod electrodes positioned outside the ring

electrodes) rather than to ring electrodes 135.

[0026] For some applications, it may be advantageous to have the capability of
selectively operating ion transport device 105 in a trapping mode, whereby the ions received
through entrance 127 (or a portion thereof) are retained within ion channel 132 for a trapping

period of controllable duration. Trapping may be achieved by causing DC voltage source
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depending on the polarity of the transported ions. The
| ongitudinal DC field assists in propelling ions

W owansrodevi ce exit 137 and ensures that undesPCEUS2008/065581
trappi ng does not occur. Under typical operating
conditions, a longitudinal DC field gradi ent of

225to %ap%?]/ éﬂrp?b%ﬁatfr ansﬁ&l@é esGib! g%ﬁﬁuo?nﬁé @ieur&?e qf35 afl ?hereby

generate atind poeentis, well 'dh@tnagalztll;{bonﬁhesﬁﬁnsf | Wihen ey désirablerte k¢ltasd the
ges to auxiliary

ions fmg% it p%léwg @évtféff 3 ?@ﬁﬂﬁlﬁi ¥plagey areemgyeds and igps traverse

e e hSp LG, 91301d SUPETUNS 0 G4 I AT PABBI o
optionah tqldgltudlhaldh€ field. Ilrlalyvalmanab:f\xhlﬂ tachenus, 4 et bﬁtraaveﬂllng DC pulses of

e oG BB 8L S 00 Gl e BB which

incorpdrRE&h¥eth Eﬂe?éf&ibe?ﬁ‘éraﬁﬁﬁ&d t@)%?ecﬁ@&esal 36 kAR ddeeireird trapping

are retained within ion channel 132 for a trapping
volumeg éhat ete pybpagatedrabérigthe tengthy eftibm transporslovieg 105y Ithneay also be
. chi eved b sing DC vol.t age sour 3225 to .
desivao e P oG AP S oS B rion PPl 105 o
for exaﬁi'pﬁ:c bépRERS pdtdRtiARAnfeRFifPKoBANELAS, 8f fphatiBR b? M Abbility is
that axially confines ions. Wen it is desirable

des1redt @nrt@mmédqvm 0 rveilifpreferabbynbe axaal bpelengatkshandéor ol bet he

mamtallng& Ettlt Efau?eq h Cﬁrgs?sﬁeq% ru% géﬁ?gv er%d c%nod‘?fra 188%15}; ?%gr{lggemi

separatidﬁfdflﬂ@ﬁQﬁVﬁlf diffeeRSaobititiey. adi ent and opti onal
| ongi t udi naI DC fi eld hi a variant of this technique,

a set of traveling DC pulses, of the type described in
[0027] y. s, ﬁeﬁtsaﬁwnmﬂ%%gfachz@lqctweé%ﬁ ggyeengst of @gsgpare plate 310

I
adapted Rt Qb Gl apBRGEDES A holiaBb Y, Bhue coun and
manufaoturimgroests meayhierrgducod bymalmlhgﬁntatha@eﬁiﬂagmwdd@loo?m@nhbad
length of ion transport devic 0 als be
dimensypng %P%P‘f‘é“%s%? £ Blate 319 Wﬁ?@v %ag alalraalt %ﬁﬁﬂ%ﬁlly
conducti®&matrialisRcH &nstahﬁ@&ss%m br gsgg Cfh .41% drative %n&fiéﬂpﬁ,%e

separate 'potentially interfering |so aric ions
electro@ﬁemay he fqrmetlybyld@posmntg (to by apopkeate thecknessoandtavens paitable area)

1 f bl b |1 t d and/
a condgfive SRUTRL piiBe GoBLIEEIP (061 e Srich i)y dabardo fb apature)

of an nﬁ{lﬁﬁ{fe LubsRARINER 29 BRF 8dcd ﬁﬁfed'@i?é’ihﬂ’lﬂfafﬂs Qé%ro?EbﬂHl‘lctlve
i ons having different Ilities. [002 shown

traces maty Hbhe @pw&@bﬂww the daltﬂzﬂ Segmyamhhs leége Qﬂth‘apbltpjlmeetabhsh

et G A GRS BTAC Ble BTh Gl

impleni¥RtadbA©F 1ol tﬂﬁlsﬁ(ﬁﬁﬁ@lé‘@%%b@adh%@éé%ﬂe PY5 Wi 1hfe7d] Qfmensions of 25
i nt er changeabl e el ectrodes of identical dinensions and

mm byZgenmya thigkngss offf). amen,3mgd arpirpuloeapeiarg 305 kayingadiemeter ofi2-15

an electrically
mim.

[0028] Ion transport device 105 may be constructed in an open configuration, as
shown in FIG. 2, whereby the gaps between electrodes 135 are open to and communicate
with chamber 130. This design allows gas from the ion/gas stream to be removed through the
gaps between the electrodes. Electrodes 135 may be assembled and aligned to each other and
fixed at the prescribed inter-electrode spacings using a set of insulative support rods and
spacers, in the manner described in USPN 6,107,628 to Smith et al. In an alternative
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conductive material, such as stainless steel or brass
hi an alternative construction, the el ectrode may be
w0 ooosesoly depositing (to an appropriate thi ckPeEESHNE065581

over a suitable area) a conductive material on the

central region (i.e., the region radially adjacent to
. o . . . -
implert B RAZAN U FhorBn BTolHRMGE 11 oo UR Iy R BB which
obstrudts theekrenteyutBds of pas filepalss ineal-clxetrode pagshe chanberadl30 and thereby

[ .and. the edge of the plate to. estabplish )
preserss dE G bigdhie %w&ﬁ%n& fgle RO aortion e onphapnebcThis gas
flow aséRts iR9Re SPERDF fns %lotng RhCidh chﬁﬁiegggf‘ﬁl’lg% hﬁ(ﬂag %e ned t? provide a

transport device 105, é€ach electr atera
longitudinabP$] field 06fhexBpandastjbedmbovg. Refetringind¥€. 4fanCenblosue 405 may

and.a circul ar aperture 205 havi.ng,,a dia r of 2-15
be forefi fedhn sty FRRRER T AL 01 GUS RIS B SR b tisvaisd
within eficl8durONGTuERNEd BWoRthdRits 485, WIONx b fteBel2tro¥dI§IBRY at the
the gaps between el ectrodes 135 are open to and

desiredcvntynsiand aravidd ednnedtionb ot thaoscilitory agd optionad DGO veltagas
fromthe ion/gas streamto be renoved through the gaps

D ME R SRR R -

secondntdir&ie df tetigvertoaC I esifrasi1a ¢he B, 2Sdnibdan&@! elédtrodes 505,
i nsul ati ve support rods _and spacers, in the nanner

each olywhich ivpdapied Vot igentirpllp sged apesivire AOberaegularly spaced along
the long'{t&cﬁﬁaﬁ% is\./ﬂigglle&p&ﬂ% %? 9&1%8%1%9%:%&: BPloh!cRA oefl 510. To generate
nay be in

ectrodes ocated an encl osure,

the tapedod cddiallfdd that proitueesdi igle foncictéptawe effidasyfat devitdentrance 512
rode gaps to chanber 130 and there

' - el b
and tigl%n f@?ﬁ?&%&c tiie 1% bam i dgviee grt g s the mpliirdagf gssdllatory voltages
applie@ﬁcél&ﬁ%geMSLih%as‘%fin ttﬁkedife‘eﬁoﬁ B%ﬂg'lllavel-rg\{c% HA%ab1 gl\%tro e 505

assists in the transport of ions alond the 1on channe
receiveand osallatavovaltagt ef greetdr draplitudy redative tb elegirbdudiin dle UpStream

. .field . of the t descri bed apove, Referring to FIG .
directiop. ?J&hg IBHERS S ngﬁﬁsryrf@tag% anpiyde 15 TeBTeRentedRy theigrmphydepicted

in FIG 3. PROGIERY o&filld%@rt\%ﬁagée%q%%g&ee&élﬁf%ﬁgm%ﬁgé H8Y% fGttenuator

nmounted w thin encl osu usi ng edge nnect ors
circuits432), conpledtio bscilldtbuy volthge seeireeci25o dn @paniptgnantationef ion

desire al.ues an rovi de .connections for th :
transp ol e AT B Spae P et conyb s the egelitory
voltageeRiacéudicy ¢F10.4-1 MBRAAd afl@¥bERide Gt ¢RRSIFIHE 564 00?8?‘? at

accordance wth a second enbodi nrent of the inventi

device gptranga t5d 8 $a 4160 ¥p abdepice pkid 81 ehlig reghieed moxiesind Oplitude

each. of .which is adapte ith,an identically.size

of the AR il Vol B iaet o p Rty Sriag epdrine, 550 may be
reducedl ag atitixidi; AalidéPdpacing t@%,e lsBLHROGES itk eerftors InHt e EdeMhe

. define an ion channel 510. To generate the tapered
maximprcipalied veltage tn 400 Y-t BE oltapgsouren(nat depatedic coupled to
electro&ésfﬂogl, %’%%p&?y ads%%/ Sf15C %%Iterlg%g iy thselrilzanner described above in connection
with the FIG. 2 embodiment to generate a longitudinal DC field gradient that assists to propel
ions along ion channel 510. Alternatively or additionally, longitudinal ion transport through
the device may be facilitated by locating electrodes 505 within an enclosure, such that a

relatively high gas flow rate is maintained within ion channel 510.

[0030] In the ion transport devices 105 and 500 of FIGS. 2 and 5, a substantially
straight, unobstructed ion channel is established between the device entrance and exit.
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and tight focusing of the ion beam at device exit 515,
the anplitude of oscillatory voltages applied to
webk@stusmoues 505 i ncrease in the direction of iPCI/US2008/065581
travel, such that each el ectrode 505 receives an
oscillatory vol tage of greater anplitude relative to

Howev(e&)e%,gll{: 1%1{&2?@ %défaﬂlta[gtlggusute%%ﬁﬁ @% g{er 1S§ ttllragégjr ey fce &5] %ﬁs«?%estﬂe{ﬁmng

of neu@ilafl ndﬁéﬁul&s ecduStérs Eh@undi:sol’ﬁb&ddlﬁ@:iléte thto st lbbvat-pfeysure regions
vol tages may be del.ivered through a set of atfepuator .
of the FRFSPREEOBLTY, mﬁhyémPW%%@gm AP Beipe j1as 2gd redigigPumping

requir: ts. I’Refglrll&l @r%%h %ﬂ 95}15 'dgﬂcé 5@513 m?fctéélecﬁbtq{?corﬁcgates

, el ect 1 g are space centers
multiplehfeatossitd [mp@ie;stmnhmggﬁ nhutsalaarfd (ﬁheremdysma‘blefpﬁstidlesvtdz

and an .anplitude th f 50- 100Vp
downsEFATR SYEGE on 1ansRo0 dstibe OhS 1 CopSTRAeCL oA T Dighly Ol Apgtiired
electrod f@id &% J@glédﬁg% Pk i ydecabad ie 6@5’ BbdigshASRidck@it8 W¥vice

voltage IS ndent on the inter-electrode spacing,
entrananGR Oyayd h)eeqoadi seted eleptrodds|622 ipesjtianed aigacesitaciemige @elt ¢30. First

ctetr R )3 8y RS R S4B e AU BBRELSSh of
secondjaé’étﬁfd@ ddt 6280 Uphee 1rodLi&&H th RHBEnR @20 vidByh RRRFMsRr &Bk 645
DC voltages in the manner descri bed above in

havmg;mmz@ket theniswitetally oéfs¢tivdth spaehtedthereenten of agertetie£38 o the initial

electrqlds Hg kﬁg?%%se&ﬁgiﬁ @P%ﬁt‘ &Iﬁ){agﬂﬁt 33 SI:‘IT%I‘I:I segmerrltocﬁgrleof hasa

centraPOS bikigMigdt iy anglulhlﬂlg" dffedi 1ca111@'rbyt db%ﬂﬁ?’() Rmthtx’@é@ugﬂ@ thé Eentral
device nay be facilitate %a ocating el ectrodes 505
flow awistdefinediby hacraeisrad apertirps €3vatIn addisions thy eenfernsiof apggames 640 of

[
sesond YRG5 R G oA o B0 e L3R
apertuf3 @35, suah i ab &in-lofkiglit Sdth axighitbetwrealiisd sutlet eflionarnsfer tube
channel is established between the device entrance and

645 anghthe consrabaRarturg 6o thebexiidenihiant BigBiyaanngr, @B#Mege?wwefoﬂow
an arcﬁ:ﬁ@ p£t[1 ?Jrge t%g;fédfl $Boh Egﬁsg)%gscf @%@ hxg)ﬁgﬁ [ a erture

nol ecu ers an Vate ts In
650. IUllilﬁ(el thyveial pre @) ithe ttaggtoms ofhetiads (wgethes pethit ghmtaes charged

part1cl§$l§ﬁy(f1% ulpén%g %\étgﬁg‘qgélgtg %@@ téqglygq%éjgxfe 65(%{&'@()) g%t%rqgg] que anneq 605 are

not afitﬁ%t@??g?fefé%téjc?%' Cl%ssgpée rée lg}g@l'e%s%ﬂaﬁth%ra'ﬂ %ﬁfﬂ?ﬁ’é @]]ES cf glds and

eat ures to e stream ng of neut
so the atiedls amdleigh-nadsk parpialet ltemldes colhidel wnhhsthe sxtlrd Sruefycezsrﬁ eldcomdes

transport d \{I ce 605 i cons%ruct I ur al 3/
and d(blpotgﬁ%q, g @Sélg?ritlgaeit ig pofed that gm@p tl?r}ﬁ t]ta ion
transpgft l48bice h@s‘é%{eﬁqg r&fike &leanfif d§bf‘ hQRaR Iﬁ‘%} &i‘f’egx%ta tﬁé’el&fﬁﬂd@@to

entrance a second set of el ectr
definepnsS- thapnda cbnacdhjaam}n Intilnitiche of cantwk gas ﬂlﬁ?@thrﬁuglsﬂne 10n channel may

als0 bEAGE e Gt 4 QY 0o Bt S psaga R 6385408, which

consists essentially of a solid plate positioned in the ion/gas flow axis. A further reduction is
streaming of neutrals to the mass analyzer may be achieved by utilizing an ion guide located
downstream of the ion transport device that has a central axis that is curved and/or is laterally

or angularly offset with respect to a longitudinal axis of the ion transport device.

[0031] While the RF and optional DC sources and connections have been omitted
from FIG. 6 for simplicity and clarity, it will be recognized that RF and (optionally) DC
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second el ectrode set 625. lons are introduced to
entrance 620 via an ion transfer tube 645 having an
wouiaes7othat is laterally offset with respect POT/UB®08/065581
center of aperture 635 of the initial electrode of
first electrode set 615. lon transfer tube 645, or a
Itagds Sy REQTRALCHJAES 60 in G dYed ga il i
Vo agi S e{yn%%l[pgr Fy of %cset (typ?)ca?ﬁly?ﬁ%y a oute % Mwlt ﬁ'oﬁnécﬁ@ﬁ with
FIG. 2 ries gt voltages biequehamplitudd and appositedgfabesadayple appdied in a
centers of apertures 635. hi .addition, the ce rs.of
sequenfigly $ipFuding 78 i 18 Seemteie e UM ougRn Be cal DT voliages
havinglafpBiles ¥octdakBglor Wbér@as'ir?iﬁ%ﬁé dikQ:1i8ASR iR thR%l A bE Bplied to
centers of apertures 635, such that no line-of-sig
generatgat lhngiridinad D efiolde bndpiecestain eondifons,ahmay habémnficial beapply RF

645 and .the central, apertyre 650 of .exit | 55.. hi
voltage ity Bt e LD o Mot eron eiiligHe s R isisei the
amplitide of RRI1@8ed dpplib& Bd1BctRfdes ONfifst ABGRRIe seteMs) & ordBEl o reduce

pass through l'ens aperture 650. Unlike the analyte

the strangthsof th\BF thicl] experenagd byfionsdravelinginthe dpsteh pertigh off the ion

i ghs s . char rtkcles such as undesol vat ed
Chameg?lg{]pﬁhg% gyé%c{] C%gﬁf\%‘tee% 9‘? Jgﬁgrg%%tgfr%) entering ion channel
605 are not affected or affected to a | esser degree by

[0032]t he r a3nd doasdqubrdeasfahbyladbifidttige the@gisrof ¢hd iogltAasfepfube (e.g.,
... SO the neutrals and high-mass particles tend to. )
capillagyy withgesnart 19 theeendig] loagiuding] axis of thesio dapsppskdeying, aidescribed

above, F&On%fmoi@ﬁ§w§1hﬁ1%@<£10%eﬁ?%)§@£ﬁtthg QectHdeg ﬁnﬁ%l?ﬁxeﬁéﬁ?}b&%&ﬁ@&d to

ementations o Ion transport device
regiond af relatvelg high RB fichigtehgtheintview of theyinaeasarig &eldserength with
. electroges to define an S-shaped . ion channel, _.
proximfit BiLa Girodrs ni 3y cee wpidvhded fggmRniHen pblabinanlye
e SO B O R Rl e et bfon aipin from
off-axig gmantrodickipn afe raprsadnitall pf the depgis dapanetliniFIGShe andhp.gas

flow.axis. urther reduction js.stream.ng of )
Referrys % O IC: RebrigE crabspory Aseiec 905 5 Brme FBywplygalcy of
electrodds d1ioaiaoglgqacrk&%%gweﬁae%gIi&elaa%&r&ﬁvyp%iﬁg aMneldirk&iford (Mon travel.
transport "device that has a central axis that is

A set 93 610 elgctaonts ere tilted vaithereapdoy taozachathek and tp roinfteléd aléctiodes 920,
suh hE R ek 8 I S Bl R B PR Bt

adjacerRREbcEOARE q&d’c@ﬁﬁn%@vt_ﬁisQﬁ@ﬁ%&ﬁelﬁ;@&gfﬁemﬁbﬁuaﬁsp%ﬁrdevgg 905
W

_sinplicity and clarity, i be recogni zed t hat
has 1ntgmjec(c@§p ismq:mgsyl}at mgmﬁggglymllbreatab@ﬁ edf top transport device

el.ectrodes. 6 in.th ner..descyd bed above i.n 1
505 pof L ARER Rt PrtSrulTRY b AEESTS G O VR ailrpg i e
expans@iiI 30t eniiRa el frORAAS ikl Al ag R FreMtiyve BSthe RBIre§fdntihganter-electrode

. sequentially alternating pattern to generate the )
spacingszd ithe cptyercs@fi% ofripm ganspertdevign 0HCAS & naderbaboyas R dield radial
l. i i ' [ [ he, di tion

penetraggginlé%ga?srgg Y/vgﬁ ?rﬁg%%a%i)ngq%%%-leggﬁgfegs%agﬁgr gPée reéluge({ fterle¥itrode
spacing atBé tide oppdsittto tHe@hpillatyngkey reqdistimdecrensdtddiAR1d pdnetration,

mag be beneficial to apply RF )
and thus the ions in jet expansion 930 are exposed to lower RF field strength relative to an
equivalent embodiment having parallel electrodes with symmetrical inter-electrode spacing.
The lower RF field strength results in less undesirable fragmentation of analyte ions within

the ion transport device.
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vol tages having a | ower anplitude to el ectrodes of
second el ectrode set 625 (relative to the anplitude of
woRo0s050ages applied to el ectrodes of first elRPCT/USHOS/065581
set 615) in order to reduce the strength of the RF
field experienced by ions traveling in the latter
porti - I
0031 - andadC FoHEeset o ARy S L B R R o Eproblory of
uninteraded dtagnieptatibh.s Antiomgandpertabevise 8003 meluidena pluadiiti ef electbales

e.g., capillary) with respect to the central
1010 ofgicusF rsreadnd e stioce rpcing b e chdon avel. Tons are
introd388 &tb BRANRBIBY 8F ioh IrahdfiRtt deQRe 1005 bs Q?E't %};ﬂé@ﬁ)ﬁl 1015 via an angled
d Il theteb d 1o

. approach the el ectrodes and w h e expose
capillaryei26n dn géntraslistinctien tp the HIG.Rrembalinest roartginkport dewiceel005

aoes o e PS5 E05 Sl BlERCPER, SRRA0H Ftiubea
proxinfate@TBééiaé bPele@foded PO 1(El084t8d M}g}ﬁ)sﬂ@{(ﬁ‘ﬁb' @S of Eﬁﬁﬂlary 1020. A
possi bl e solutions to the probl em of unintended

suitable veligesris apnlisd ta PGs¢legirade d ML D geariate 4 tdiallytaspuioetiioRC field

epresent e t esk gns icted.in FIGS. 9 d .
that i Tl REGHY Efec a0y OBt ANar B &P bGP device
1005. TaisictRcO@Budes ckPusiRCLIIthO1Bna tPhighatrbhgth RF RI&LENi QIR ear the

910 havi ng increasing average Inter-electrode spacing

electrofes anddherebyaprevers of reflages uninjesded fagmentgtion of analyte ions.
el ectrodes are tilted with respect to each other and
to no [ ) t I
o03al, 701 ok 51008 19200 S e GO SR v
been omittdd fr@s FEGS. 9 andatl) wewoid winecdssagesmpheitgy e RF dnd (bftichally)
a, segnent of ion transport device 905 has

DCvo tfi{&regnr‘%aglf@%%ﬁ’emg Gelierfgdes thereod in theirganner desstipgd above in
connechiBR Wi FIeL 21 e RE ?@lt&fes bﬁ@qtfaf Qrﬁﬁgt?a% %g(feéﬂaﬁgg% Plﬁa}sgsr may be

~ positioned opposite t0 the exit
appliedia5 seiquentially hkernatiie pHtiegniegzenemite thetaditlyanafinimgIRM, and DC

ti f .t h illary. exit) relati .to th
voltag IRy B BtIAG Pt g oo e e apets figesian of i BHEmay be

appliecﬁﬂocéf%nélfateié)lﬁngihﬂfﬁw(ﬂfd fidlgvi ce 905. As is noted above,
RF Tield radial penetration increases with increasing

inter-el ectrode spacing. The reduced inter-electrode
[0035]spaci Agsheuld beeresoghizedghasghe chriqudsdorggmetatingyp tapered radial field

Ul.l S ecy d radial fiel enetration and
embodle By b EIG G 85 S emilios s B PGl 130
combitla@ivRi.RRanfib@trenspbftIRAHcH nfas!iAdlidEoteDradtEStIbY ghRiMally
) enbodi ment having parallel electrodes with symretrical
increasjng dectiode spacingeord pagitudinally hecreasingrospitiatary voltagerasmjitide to

e sirabl.e fragnent ati.on of anal yte .
ereate ETReI Ty FRTRRRS bAFE b OFRERIE i Ghs PP olinca wit
the phys&ar apeartbchniqued|.¢.glongitidifalBpdcRAGAg aferhiftd Wizk N embdiRed by the

robl em of uni nt ende fratgrrent ation. An ion transport

device 215910@%1 nddSPN Rel0dh28 to Spuitheh pl. tAltaspativiebs endaedepicted in the FIG.

6 embodiment and described above, the aperture size of the electrodes may be varied in a

stepped fashion such that the ion transport device is segmented into a plurality of segments,
each segment having a plurality of electrodes with identically sized apertures, wherein the
aperture size in one segment is different from the aperture size in another segment (expressed
in another fashion, each electrode would have at least one adjacent neighbor with the same

aperture size).
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1010 arranged with increasing inter-electrode spacing
in the direction of ion travel. lons are introduced

WO paos/1510@0 i nteri or of ion transport devi ce 100BCHBESH08/065581
j et expansion 1015 via an angled capillary 1020. In
contradistinction to the FIG 9 enbodi nent, ion

{ h . : ' :

0051 a02BEKs Y5 AR OED ISR gl

increasprgaxrierateetrode dplaeingiimthealireeti@csofiion @avel Oskh lap d@tdﬂglice depicted in
it th it  of i11ary 1020. A suitable

F1 2 GBS e e S b2 BB . o

transmis@6h @l YerR§ YORRE it iSedR¥A 1 ih &tk thid fn%ﬁ§-té-9%ﬁg?ﬁ% (/98¢ the

el ectrodes” 1010 and toward the centerli ne
transmitted menso i other vords 10003 giveni valuefdf @ppliedRIF velkagexheson e of

e SRR S ke, S B
m/z valub AHFER ANk At m A0 Ys§ effRMtly kOB tolibnd Igavﬂ%t Sffefeheh/z’s.

al though the RF and opti onal sources an '
In some gifigiens, drrsabe eeriséeil ortemperdlly vary the @8pliidaodl theppbed RF

volash SR ERE B QR lahs s B 08 o B BB er
are at 1628t fwrew iR IAGvhicleme Rmﬁﬂtag@ﬁm? beRaf&d) ieFdrdatl oM he tfie®f mass

2, i.e., RF voltages of equal anplitude and opposite
analyzgsptibized toeagquiee hp prase specha.alnsmaisshesteineterdnstaments wigizing a

. i al nfini.ng. fiel d.,, an
contimfifs b ab R NGEERS SRR Rl R HOB on B i BRfpen
that, atiany piven distangtondnioas withih 4 fiaxeal ramgy oDRY/Ap el tRehsingtted to the

generate a longitudinal DC field. [0035] It should be
detectof E%@ AihsegowRsifcamrOmnoBeiNs giids Mass spreHemater i raay be useful to

vary th ﬁggfgﬁqn%% ?pghi%g )t/& relidh &?K}%ggg adviy od l?g)lilg‘h%% thI% rt]ﬁﬂs%ﬁ&& S

e utl Separa
efficiencgmifionatin tre, rangesof, m/ats ety tranamstpsal detabead oethemyass medlyide at

one or baot | ongi tudi nally increasing el ectrode
that poih g & Iﬁr@‘%@ kigste yojtagssapalied ieghe geadringlempss filter (or
comcnfn RO RS of DL RRE R Bl oo
order teprogiengdelyichimgeitee piiyof thatransapaed/tietedtod gus (4rid thereby generate a

mass spef g BRnkU0F SELE K aBRemied o B e od ehibgiomdpansport
device Blviafied 8bncufrleNtly R HaBmisaRt &lyevidinbdg: ik |tﬁ‘1el) QransmissioP of ions

enbodi nent and descri bed abdve, the aperture size o
having ntig’s én thetrangedwingtyarismitiealy de¢ad tédrbyeths meppahl yzzs hTheRE woltage

.. that the i.on,t ._devi IS, nted Lnto a )
i o RS SRR bl ot TR oL PP on
speciesPbr @b fistead 88 vitdiddlinl BBl Sipliok Hhé BH/ABPdndERSmanner.. FIG. 7

whereln the aperture size in one segnent is different

depictsitheyariatien apthetRlF emplitede applisd to therions tramspart dewicp mathdide,
whereby the RF amplitude is repeatedly ramped between predetermined amplitude values

over a period corresponding to the scan period of a quadrupole filter mass analyzer. In this
manner, the transport of transmitted/detected ions to the mass analyzer is optimized, which
has a favorable effect on sensitivity. If the quadrupole mass filter or similar mass analyzer is
being operated in “parked” mode (transmission at a temporally fixed range of m/z’s) rather
than scanned mode, then the RF voltage amplitude applied to the ion transport device
electrodes may be maintained at a static value that maximizes transmission to the mass

analyzer of the ion species being monitored.
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i n anot her fashion, each el ectrode would have at | east
one adj acent nei ghbor with the sanme aperture
waewe)isodD36] It has been observed that for anPCDIS2008/065581
transport device having progressively increasing
inter-electrode spacing in the direction of ion

travel |G ] j ¢ )
100371 o2y o5 D bk iR BhE] S bulief ps iftyzers such
as quadropdlagen taips\br inbtriment$ thansse anshermediite Gorestone upStream of the
ximzed wll increase with the ss-to-charge ratio
mass an'ﬁmr)’ FIEhee Fiehdon e dbe fBRYUAT ObTREF vRltags applisd tq the
electro@és/dThy Rh4nSo ' ée%e%e‘(ﬁhétﬁﬂ%d erfoll QutiRg gvhicr% igns are

transm ssion efficiency of the I ce may be
accumulated vdthim theguash andlpter oo mgerwdiatgstarec dn tmiliustrhtivevedanmple, a

N R T -
transm{¥8d%n B6r iBRIBLVisd Rlativelyl16WRRL A I Dhe R Yoltdae aﬁfﬁHHJquﬁleﬁrv?ried

the applied RF voltage in order to inprove the overa
over the wyeetipmaeriod €ypically in a/steppedios continuenp fashiod, hitatmerkepmplex

re | east two S . ich the RE voltage may be
modu i e ke I g1 BAR 4955 e it PR s hEreasca
for ions!haihg BidgteRsiREl tighRer hile s NBSSre3REEiniFlebntABSS the injection time

spectroneter instrunents utilizing a continuous beam

period i Hyigle pnto g plusalify of copeiupsibeparieds, Which aray or mayitiot he of
equal dgﬁz{ﬁ%n?%nﬁlsﬂ\h%ﬁal[%%g g% g@f;}?ﬁagﬁ%ng%lg{gegg% %%Igfllegcp tg'rtgéc’ }O%Q}ahsport device

during eachnEithé subdpdrivds heitldl the R @dltag being r@hbaid ARWEIhE RidFVals
conponents, of the mass spectroneter), it may be useful
betweep gonseeytive g erfton, ity pgodap BY ivatyingthe Feaximppmyipp fransspission

oS 5Es TSP ! AN SRR

analyzdrieaynmes doselyapproxdmatetthé pmilationi of ibnsproduded bhe Bburce,
n s applied to the quadrupqgle mass

) d/ DC ) )
withouf Yhetugﬁescralal\ég{@ggﬁﬁm Jeging'otieh gelovami foaythab wanldiaseyr if the
amplitl%d((;:ﬂ)? R RE %ft@e%llégggﬁ%qﬁe ﬁﬁgﬁ#ﬁ&% ?é\{iﬁeeé'i@tftfo%gs IsmAh@AfHed at a

progressi ange t
fixed valuatisighoatfigeiecti@rperipds Sekeatiort dfthe byplipdneitags maymaks into

ectrum, the anppli e of the RF voltage appljied to
accoun [ T g as W@fﬁ%ﬁtﬁﬁ RS FEHYZehevIC é‘oibgg?f&r"i’@cbe
realizef B G dda bk YordsQnidBiké magseal{aﬁﬁﬁelaﬂﬁ){t Qﬁ}ﬂgt'@isde r(%cﬂfﬁtor 'b@logg the

i me) transm ssion of ions  having in the ran
range di@etegtableam/gin. t t ed/ det ect ed by the mass anal yzer. The
RF voltage anplitude may be varied linearly with tine

ST A R OR
an inj e&t%'ffnzﬁeri@@%ﬂ éRdHhiplBROM&Dondifi 6 thé ab@RnAhtfor R0 AT dPRap mass

of the RF anplitude applied to the ion transport ‘
analyzeren Hus oample.itheinjegtien pprjod is elividediings! thregdeniponent sub-periods,

Whereb&gcﬁﬁ gg%%ﬁté{ger %%Slgeﬂgtth%ee Qo6& F\}ee's,[erf)is of %c?ea 1|n|g ta}'ln%‘ﬁtude. In one

specific implementation, the amplitudes applied during the three steps may be calculated as

follows:

I/1 =K* \/(m/z)low

V,=Kx*[(m/z2),,+[*(m!2),,—(ml2),,)
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over a period corresponding to the scan period of a
guadrupol e filter mass analyzer. In this manner, the

wao e@sspore of transmitted/ detected ions to thePCEES2008/065581
anal yzer is optimzed, which has a favorable effect on
sensitivity. If the quadrupole mass filter or simlar
mass anal zerr-s-be’ i ng operated in "parked" node
(trans%i%iq* "@/tz)aghterrporally fixed range of mz's)
rat her than scanned node, then the RF voltage

anplitude applied to the ion transport devic
whereig|Faclz e Hajespeetivalyithapmptitudes of tag apnlicd pasifletopnygliages at

o n . Q
O
valuesiofigt/z foreid ®ne oPintyresny 18 pabistalit<hthwsmay sdkgzfor sxanplk, the value

guadr.upol g i traps (or jnstrunents.that use
of 0.3 iy} Riinpdivable fonsiagt (5 pthngamy ore phetveend Gl YD Hhe values
j f 1 3Rl faphical user
of (m/é\)%T,{(Zzéz%}?gg g%f?é%ﬁ % t%)eostu gﬁéeﬁl %21?? odes hfoeg gﬁwﬁit?%ﬁgtar%;%% por t
interfackewt ey alvernativety bagedeetdddry aueinstorment comepllen ircicconlagcawih
accunul ated within the mass anal yzer or internediate
stored SfifSFId- i an illustrative exanple, a value of RF
anpl i tude may be applied at the begi nning of the
[0039] NJ ,ectARHoﬂgﬁrFIgdsfaﬁ@thermwxﬁp@ﬁlgtteﬂr&mcsan@ﬂeséﬁb@ thens
having relatively low mz's. The RF voltage anplitude .
applicationtdféhe BEvobageon@rpregressivelebicreasing &shiod, %tswﬂé &p rgeogpized

a_stepped or contin ' . .
that tnF SRR S B Y Byt SRR, Pl St By R Blon.
Furthethiadie, 49 @ed s, @i tefrhd filsgREdondind fdrestoatl Ao be icomsrued as

_ havi ng _Er ogressively higher mz's, _hi a re]ated
requiring| speaifie tamnsal seauence fos @pplymng therBFpoltages, put ipstead g used
. | nt rak:L LY 0% = pef: , Which may
Slmpl}}o@ %ﬁ@te%k&# dgscltelhg% S}ggﬁ%&ﬁggﬁ |%%,&bglﬁgﬁg gs\siol t ages of
ifferyn mpl it ude re ied to the.ion.transport

[004013 evic eit &%troﬁ’r‘?dmélsr@ﬂ’ogftﬁqt ﬁ"’ﬁ% 8@9 Jp&prtopdias RerhdeRd ‘ﬁﬁg
conjun¢@bh #9 tRe L a1 RIRYASt ALhrBEL, tHeotdgbRip\dREG piidh WeRended to

consecutive injection sub-periods. By varying the
illustrate idroeh linsin thersgopmoidhe Biyertian. ci ency over a range of

mz's, the resultant ion popul ation accunulated within

the mass anal yzer may nore cl osely approxi mate the

popul ati on of ions produced at the source, w thout the

undesi rabl e di scrimnation against high or |low niz

ions that would occur if the anplitude of the RF

vol tage applied to the ion transport device el ectrodes

is maintained at a fixed val ue throughout the

i njection period. Selection of the applied voltages

may take into account the nfz range of ions detectable

by the mass anal yzer, since no benefit wll be

realized by introducing ions into the nass anal yzer
that are outside (above or below) the
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range of detectable nfz's. [0038] FIG 8 depicts an
exanpl e of the variation of RF anplitude with tine
wa@leosnszoan i nj ection period, for exanpl e corr eRBEDONING 065581
to the accunul ati on period of an ion trap mass
anal yzer. In this exanple, the injection period is
divided into three conponent sub-periods, whereby the
VVE(HBEAXDltage is applied in three consecutive steps of
I ncreasing anplitude. In one specific inplenmentation,
the anplitudes applied during the three steps may be
1. An maltcnbpdredevas, tahposisg: V2 =K * m z)low +f *((m
z)high - (ml z2)low)V3 = K* m/ Z) 1 wherein F1, 2
and F3 are respectively.the litudes .of the | i;e
St eg Ry Saab ot ARRLde 9ETniRlah it b Sone
which 8B trdnSpdried] eWhdTehd pRility dfHlechiobes REMESdapweRl With A€aperture
| owest and hi ghest values of mz for the ions of
through whinhdens may gragelcandst ant < that may take, for exanpl e,
the value of 0.3 and . is an adjustabl e constant

. Q.4 Davi J
iR g S35t S e OFRPY bEolD lreed Wopt teagt o
portiorbofth@?mkd]ﬁy bfiglestiodeper at or via a graphi cal user

interface or may alternatively be selected by an
instrunent controller in accordance with stored

oyharepiakleastons of (NherprgRg Peeeadiaeent FectERdcsmdHii i
amplit{l/d;ﬁ)i%f atgegéj[%p%i'ég 0duas dh*agfst ereaRRid #RUIREHG ofliBf nBFel.

progressivély 1 ncreasing fashion, it
shoul d be recogni zed that the voltage steps can be
2. Theappltiarsportrdesivg of chem Inivhérsin ordy fwrspacigg betwieen hdjacent electrodes
i nve tion..Fuq;hernDre, as used herein, the terns

increasef prsthe dUeeiPEAAY YRl d shoul d not be construed as
requiring a specific tenporal sequence for applying

3. The {08 tBsposd deRBR%f clith 1) AabRaromy eheti@slitsdddH thie bsplidaatiBatory
and distinguish different values of RF anplitudes.

voltaggsooa®3ses in the dirgctinn efrielefraYddod t hat while the invention
has been described in conjunction with the detail ed

d .pti o rrenf. 1t f I rd pt i '
4. TR PO AR RBaLPLSA O, HERRTAPRLRRLD
longitidiee MG feld WhtHGh AleNbn Ehanfel to @ssistriafdspeampatev ioas between an

conprising: a plurality of longitudinally spaced apart
entraneq @gancdof il iopichymgh i on channel al ong whi ch ions

are transported, each of the plurality of electrodes

5. TheBhMAndHEPIS e Urtclhids, AREFSHE means for generating the longitudinal DC

field includes a DC voltage source configured to apply a set of DC voltages to at least a
portion of the plurality of electrodes.

6. The ion transport device of claim 1, wherein the apertures of the plurality of electrodes are

aligned to define a substantially straight ion channel.

7. The ion transport device of claim 1, wherein at least some of the apertures of ones of the

plurality of electrodes are laterally offset with respect to apertures of adjacent electrodes

8. The ion transport device of claim 7, wherein the ion channel is S-shaped.

-16 -



t hrough which ions may travel; and an oscillatory
vol tage source configured to apply oscillatory
woisagmws to at | east a portion of the pluralirgr/U82008/065581
el ectrodes; wherein at |east one of (i) the spacing
bet ween adj acent el ectrodes, and (ii) the anplitude of
t: r t ' o the
o The {3f LBRBEHEREILIBh OE YnGh GORR SR TREL oV co
of cI aim1, wherein only the spaci ng between adjacent
10. Theliextrampes device efislesn 1 nfutther aimpestnganeodisiuptor tintaxpeked between
3. Th n transport device of claim1, wherein only
two adtaﬁ%tltﬁfFﬁFrPtl‘?f’de of the applied oscillatory voltages
increases in the direction of ion travel. 4. The ion
11. THeligNERpbrtdRVice 8f Mhin® b akRRrdin the!igadfis HeBMRin a3jRentBER RS des
for generatin a | ongit udi nal field within the ion
1ncreasghgmdg¢11)t1@tbcggurgmon@ tanetravehnsport of ions between an
entrance and an exit of the ion channel 5. The ion

12. TR obr BYGE Br i sl i Bl HEaRERs Rpitaory

voltagdsGhdéragies gadusley mahd digevtied of wnappkl a set of DC
voltages to at |east a portion of the plurality of
el ectrodes. 6. The jon transport ice of claim1,
13. Theren trarﬁppﬂélealﬁ@ Pt el [ owherpia the efr%lfat@ryv tagq saufGeggagadio-
£ o define a substantially straight ion
requec anne*g EH;H f'El'he ion transport device of claim1l,
wherein at | east sone of the apertures of ones of t he
14. Theliom trhaspyrtaieviet of tlaimal éswhwreinl th¢ pluadlity obélestaddesiirichudes a

plorali TR TR e ) a1 R BHGR H P N AR

electrotl@s theieiBebry volk: abﬁl"ed %QH@HF&E Elebteydes Be % oﬁbéshf@ il phase to the
whérein the 1on channel is arcuate. 10. T

oscillatoryveltagetappliead todhosecondiélastiodes.ur t her conpri SI ng a jet
di sruptor interposed between two adj acent el ectrodes.

11, The i an tran s \
15. Thedgn Frﬁréspg tdﬁglé: o?%ljglanééhﬁl\{%r% ﬁ? %%F r?snc rtlée R graeflty o% tl:iectrodes
are idegfiedllyalided. i n the direction of ion travel. 12. The ion
transport device of claim3, wherein the anplitude of

pplied oscillatory vol tages I ncreases gradual |
16. Theﬁ("t* Hénsd’PFt@@thé AT glaim énwtlrratrlé e phualitygEelegirodep arrrélrﬂ@ﬁ @ first set

of elecﬂgaésﬁsﬁf‘on&ﬁ Q‘(gg&e]l tovwgé'v?éerbnhgﬁceoa?ﬁ' | ée%rﬁf bt Xpélgcﬂﬂ)%es
source Is ar IO requency

positioned adjacent to a device exit, the electrodes of the first electrode set having apertures
of a first fixed size and the electrodes of the second electrode set having apertures of a second

fixed size, the second fixed size being smaller than the first fixed size.

17. The ion transport device of claim 1, wherein at least a portion of the plurality of
electrodes are held within an enclosure that inhibits outflow of gas through gaps between

electrodes.
18. A mass spectrometer, comprising:
an ion source;

a mass analyzer; and
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vol tage source. 14. The ion transport device of claim
1, wherein the plurality of electrodes includes a
w@bkwmsabioty of first el ectrodes arranged in intRCT/E52008065581
relation with a plurality of second el ectrodes, the
oscillatory voltage applied to the first electrodes
R RoddRifelRedifie 9 idn

AP SARRRR 4 TiceTo B R chedi 105 o AIpJAEE 12560 source and
the maks andyrer, tthdewitmasmit ddvadermdlpdinper ei n t he apertures of

t he pIuraIity of electrodes are identically sized. 16.

The ion tr ey of cl ai , erei.n. t he .

ol ur a1 4 RS B lobeFEtall esefaleaepipds EBfingn ion channel

e,harg rvﬁréﬁsorrsoasé trh&?sﬁte@%ar@ﬂthe bRirdlitf 8 tleEr IRk b %%dapted

and a second set el ectrodes posi tioned adj acen

awiile g aperaxé throughewhick cans oapygrayel;ahé first el ectrode

set having apertures of a first fixed size and the

el ectrode C I

aper t uarne%s%ggorgr vglt e ds%*u%e %agﬁéurgcg %t § % os%\ﬁ agoqry iV)oléraages to at

Sledst a@@ttnﬂlcﬁrméblaralwaﬂelédiﬁ)dés rst fi xed sr ze. 17. The

ion transport device of claim1l, wherein at |east a

portion of the pluraljity of electrodes are held w
an enoVBaIBIeat le3sk onerH D Thesspaging bedy esp agiasent ﬁketr@rlpsglaw) the

nﬁéﬁ'ﬁ@e &t RE Sgﬁ%ﬁ%smﬁ%ogﬁy&?a%és RfGlds ‘?Hﬁ{e directio aof fon t travel.

I SI Ng: I on sour a-mass anal yzer; an
transport device | ocated internediate |n an ion path

19. Tltﬁernmespectttomdtezrmf stamde, whoretmmlmpaﬁag betereen adyecandn
trans ort .device i.ncl olln a plurality of

electradgs, e e@ﬁ‘?sr’rﬁeffeyfgﬂﬁg%a B&AVelo| ect rodes” defining an i on
channel along which ions are transported, each of the

20. TIRY Mﬁ@'sﬁéo{rdﬁﬁet&l oFeldifdes whereliora allshlithdd baRe Afifiicl edllatory
hr ou whi ch ions may travel; and an oscillatory

V01tagwm¢wg@83®thec§1@recmﬁ ofjonéavelo apply oscillatory
voltages to at |east a portion of the plurality of

21. Tlﬁé 1?1%3 Sﬁg&%n%_ \é}% c{f%i fnals %E cO s%% rgtte%] tfgﬁ%(%%?a(t élg

8ctr 0des &n
longitidigal wﬁbﬁdmﬂﬁﬁ ithe iah @hahneDiotadgietSin ithCtEBRHES of fonk between an

direction of ion travel. 19. The mass spectroneter of
entrangg gfidamexit ofitas wnchame) t he spaci ng bet ween adj acent
22. The mass spectrometer of claim 21, wherein the means for generating the longitudinal

DC field includes a DC voltage source configured to apply a set of DC voltages to at least a
portion of the plurality of electrodes.

23. The mass spectrometer of claim 18, wherein at least some of the apertures of ones of the

plurality of electrodes are laterally offset with respect to apertures of adjacent electrodes

24. The mass spectrometer of claim 18, wherein the ion transport device is located within a
chamber, and further comprising a pump in communication with the chamber for maintaining

the pressure within the chamber between 0.1 and 10 Torr.

25. The mass spectrometer of claim 18, further comprising at least one elongated capillary

for carrying ions from the ion source to the entrance of the ion transport device.

-18 -



el ectrodes increases in the direction of ion travel.
20. The mass spectroneter of claim 18, wherein only
wao bh@sasple t ude of the applied oscillatory vol t BOEES2008/065581
increases in the direction of ion travel. 21. The nass
spectronmeter of claim 18, further conprising neans for
28, T ol e Bherdl ht & HasblohEfanklB L fry fnctudes
multipénion losechantelaan exit of the ion channel. 22. The nass
spectroneter of claim 21, wherein the neans for

enerating the |l.ongitudi nal. field includes a DC . .
27. T J#ss égecélg)meéeér ocf SPT’%F&Er b4 erteBchgB 6{ ]§asg ogggapdﬂ%eﬁnes at its exit
portioty @ LARANAY flo¥ Bis, tBA&piltarP Aol ATy Wfind 1dd WiRtdsh¥ct @S a central
_electrodes. 23. The mass spectroneter of claim 18,
longitugieal exig o4 the iensmendferdevisk. t he apertures of ones of the
plurality of electrodes are laterally offset with
e r f ' nt.electrodes 24. The ..
25 HGEREShSH Ay RAET ER 1] ob2G B RGN B enposone
intermbdiaedn tid iofl @uthdRtwEenl the Rhathnypdridevie dandekss At zer, the

. further, conpr_i sing a punp in comrunication with the
multipgleAam gride delipiag Acantil Agpaidingl ads thakis\giisel with Frspect to a central

longitmgﬁl{s ok?ﬁ{ewgﬁ‘ ?’acﬁpg)lrt%ﬁ?igé.o Torr. 25. The mass

spectroneter o , further conprising at | east
one el ongated capillary for carrying ions fromthe ion
29. Theouasseptaronteterenfictaiinde, whereingthe amast amhyweoincludey & geadttpole
he mass spectroneter of claim25, wherein the at
mass fﬁ@éQPefBWS tﬁg MLt ogs E‘%&}Pg P‘é‘?%it‘%‘?zl@f&?c@gow}”t“inm Sé?chﬁ‘? range, and

whereifnltﬁ%_&hm&%%ltaggsoumqs %?&ﬁ%taﬁﬁgggwﬁﬁn itﬁ&@&ﬁhg%qlied

wherein thé at Teast one capillary ines at 1ts e
voltaggrap tmaxmmezedmaphsisaioy thidoogh tieiien tradspont dpvice af pn§ hawingwiass-to-

bej.n lLed with respect to a central | ongitudinal
Chargea&%lgsg‘g?tﬁgﬁ}ge ?e\(ﬁd‘??tt‘?drrﬁﬂ% er device. 28. The mass
spectronmeter of claim 18, further conprising a

30. ThethidsRpédronRerBficHemPOsvhéeRate RidRapBE Atk it BFerhi9IB to
path between the ion transport device and the nass
tempoeghy|sgarethe selpetedriange,poiddhe essillptors & oHege selreg iscodiguresl to

l. ongi i hal  axi.s.t is.offset with respect to a
aymarm) QTS| B8 mfloc s o1 B Blfeei Pl EREE Bonadon.af e
ions belflg trdfenifted by Seefhipeleahasoffiltet aithatbBintWhamel n t he

mass anal yzer includes a quadrupole mass filter

operable to transmt ions having mass-to-charge ratios
31. Th mpssspecteonresertod ¢laimdgeWhers the 81263 sPectiemelst FeTnpRissp gn lon

trap, légg{eEiﬁlgalg%tg#ﬁﬁgg fhe i(ﬁlolggﬂil BYREHe tdh t?egﬂsb'(ﬁ% dé\]?@e, TR Wi 4iGns are

injected during an injection period, and wherein the oscillatory voltage source is configured
to vary the amplitude of the applied voltages during the injection period.

32. The mass spectrometer of claim 31, wherein the mass analyzer includes the ion trap.

33. The mass spectrometer of claim 31, wherein the amplitude of the applied voltages is

varied in discrete steps.

34. The mass spectrometer of claim 33, wherein the discrete steps consist of first, second and

third steps.
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vol tages to maxi m ze transm ssion through the ion
transport device of ions having nmass-tocharge ratios
wowaokitsrothe sel ected range. 30. The mass spect PONBSBNS/065581

of claim 29, wherein the quadrupole mass filter is

operable to tenporally scan the sel ected range, and

t i i i D i .
35. THgJfastSfcsofieRior K 3 U ife kgl MBS it recond and third
steps aveOdal @deeed hofoltawisiti ze transmi ssion of the ions being

transmtted by the quadrupole mass filter at that

point in ti The mass spectroneter of claim 18,

wher ei K 4Ké:ﬁ@§)@pect rometer conprises an ion trap,

| ocated downstreamin the ion path fromthe ion

transport device, into which ions are injected during

an injEptMDﬂJpﬁrkggﬁgﬁﬁdnwhﬁ&ﬁknnﬂhQWQsciIIatory

vol tage source is configured to vary the anplitude of

the applied voltages during the injection period. 32.

The mags_ ?{ ter of claim31, wherein the mass

analyzZ% ?ﬁﬁ ’%ggg?he ion trap. 33. The namss

spectroneter of claim 31, wherein the anplitude of the

anpl be | : : ., : .
here R R Fip L8 S EpIRNRRG i yIes
the firssependcowdshisd steps, (2., arsldedn)d.»andresprctively tlaplowsst, andhaghest

SS ectrometer of claim 34, erejin the applitudes
values GF TR TS o8 oL eesi R ORI GABRE BPeogsRupy o e fitamt.
follows: V2 = Km/ z )low+ [/ *{{ml z ) hlgh - (ml

36. A fnethddM¥or trM%Tvatﬂfg'Hn&)fMﬂsﬁ% iodew Bhin aHdw vac@iifl of @tndspheric
respectively the anplitudes of the applied oscillatory
pressuegiegion ©f aamass prectrometer, copwsiigand third steps, (m z)
iow and (mz)f,igh are respectively the | owest and
hj t v z & t [ ' r ol o :
SRSl g PALESy ol B BcliaPTy Blech S} &2h cldgBoft being
positioiied djdcdn®to trleass oy dthereleunddé bavisg agideatisal wpirhira size) thev
vacuum or atnospheric pressure region of a nmass
electroggedelpipganion chamel plong ghigh 190 WrYey 3dp) urality of
| ongi tudi nal |y spaced apart el ectrodes, each el ectrode
bai o . . '
B I RlsAG B i 8 of FRROIANS fEhiiffe an lectric field
that radially confiies iasfwithingheann cbannehandiel al ong whi ch i ons
travel ; and applying oscillatory voltages to the

PhidleBling YheThais] SELHORER Peed A A MR @ReofbS 6F fohGralet! ¢

37. The method of claim 36, wherein the step of increasing the radial electric field
penetration includes increasing the longitudinal spacing between adjacent electrodes in the

direction of ion travel.

38. The method of claim 36, wherein the step of increasing the radial electric field
penetration includes increasing the amplitude of the applied oscillatory voltages in the

direction of ion travel.

39. The method of claim 36, further comprising a step of generating a longitudinal DC field

to assist in the transport of ions along the ion channel.
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that radially confines ions within the ion channel;
and increasing the radial electric field penetration
WO pooshg7odtd recti on of ion travel. 37. The net hoPCD1S2008/065581

claim 36, wherein the step of increasing the radial

electric field penetration includes increasing the
e B B o e 0% cldttrodes
have aggturestod dififarentisizest ep of increasing the radial electric

field penetration includes increasing the anplitude of

t he .appld ed i.l lLatory voltages .in,the direction.of
1. 1o e RELA FnGR b Rkl ARl Bl of the
appliedcs20idhaicsy R@ltazest ep of generating a |ongitudinal DC

field to assist in the transport of ions along the ion
channe] . 40. The nethod of claim 36, wherein at | east

42. The methadeftclaipet! Biereethg agphitydeys adjused ot maHBYZeHEAnsmission of
e i B} H6RREa 8 L BLRRLcoh A5ty 718 (TR BPdaPifl e

anplitude of the applied oscillatory voltages. 42. The
43. Therptettod affclaiinad Ipnwhigreindhe meiphitideds adjpdted indd#sdrete atkpsi gtk a
. to maximze.transn ssion. of the ions being transmtted
period %ﬁnﬁcﬂm UG A QU RSFAIbIo8 tHRss filter at that point
in time. 43. The nmethod of claim4l, wherein the

44. Tha ki %pédﬁoﬂnét_eﬁgf Hainee7, I wheif eSS I8rafityeitel Aol BinBludes a set of
eriod of injecting ions into a dowistreamion trap.

tilted Cﬁﬂ@@ﬁeﬁaﬁhsb%@&@fﬂbﬁ’éﬁ@i elegtraglesiilefirdirg a plage diat ist dom-parallel

. al ity o lLectrodes includes a se tilte
with refhett @ e desiRed By BBt s Edhe Shthardhe raspinichepeen
adjacerfl efecbdtg iQsrRAlRRA®N aRade dfIhd R tRASHIH &vidd dppodiRSBERS cdplary is
a plane defined by an adjacent electrode, such that
Smallertrﬁlgtlgwcdnﬂg% ng srHcgean the pthet sideles is smal l er on
a side of the ion transport device opposite to the

45 Tog R o o PO 21 Fyer Kb bR 15C HeERRI DiBtapea
proximat te h aideoZ the ibt trahspiortaiemiee ioppditedo e capilaty. odes

positioned proximate to a side of the 1on transport
devi ce opposite to the capillary.
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