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BACKGROUND OF THE I NVENTION Field of the Invention

[ 0001] The present invention relates generally to

mass spectronetry, and nore particularly to

quadr upol e | gWIHABIIOBRANCHEDAGN SR S- |

Description of Related Art [ 000Z] Quadr upol e ion

gui des are well known in the mass spectronetry art

for transport of ions between regions of a nmass

spect r onetROSSISEFERENCE TS RELATED APPLICAEHNSUCHh
ion guides consist of two pairs of elongate

This ppB&HI6E SREns Fridity URISIOSISIE § P 191U.8. FratisRnal Patent
requency voltage are applied. The substantially

AppliSiRE ISR, 60IBIoB 15 bySA 8. BeS oA ehtdidishich A1 BidA8Red Ton
ions within the 1on guide such that ions may be

Guide'/ 88 BRMaA 2W2bEUt substantial | osses along an
axi al path extendi ng between the entrance and exit

ends of the | AGKIGROUNDIOR THH INVENYER | onal nass
spectronmeter instrunents, ions are transported al ong
Field &f thé Dglestiopat h ext endi ng between an i on source and at
| east one mmss anal yzer. Recently, there has been
[0001] Tha prekeit iveation reldidcgdientily apitRsispedtroiets/, and more particularly to
spectroneter systens having nore conpl ex
quadragotdrioh@eides &, maskispécusmeterequi re i ons to be
selectively switched between two or nore alternative
DescripgibhwBRslateBaut exanpl e, a hybrid nmass spectroneter nmay
utilize two different types of mass anal yzers
[0002h Quadrgpdle idh Ada]dreivell knbkn irDths n2es sigctanttphit &ltsansport of
directed to a selected one of the/two nass
ions batwakly Fegichs of A &3S spretrogc R seumentn Gemillp desonibbd; kech ion
bet ween a -
guides consist of two pairs of elongated electrodes to which opposite phases of a radio-

frequency voltage are applied. The substantially quadrupolar field thus generated radially
confines ions within the ion guide such that ions may be transported without substantial
losses along an axial path extending between tlie entrance and exit ends of the ion guide.
[0063] In conventional mass spectrometer instruments, ions are transported along a single
path extending between an ion source and at least one mass analyzer. Recently, there has
been great interest in the development of mass spectrometer systems having more complex
architectures, which may require ions to be selectively switched between two or more
alternative pathways. For example, a hybrid mass spectrometer may utilize two different
types of mass analyzers arranged in parallel, with ions being conirollably directed to a
selected one of the two mass analyzers. In another example, ions may be swiiched between a

first pathway in which they enter a collision cell and undergo fragmentation into product



first pathway in which they enter a collision cel
and undergo fragnentation into product -1 ions, and a
second pathway on which they remain intact. In yet
anot her exanple, ions generated in one of two
different ion sources are selectively admtted to a
mass anal yzer. [0004% Successful operation of such
igfsamdgyseeandamrthveny dmulich theprempiadueste In hetruother spambple, ions
swi tching be perfornmed in a manner that does not
gpuesated injone g tiip d Rt ) wuteg pesclsrtivednadrgied to agngps analyzer.
which is non-mass discrimnatory. It is also
[H094) Pegseesllopsigtior pf pehurash spasOpretsr isirupensy require that ion path
athmags relatlvely rapidly. The prior art contains
SyEghng beprpiommed pa manpeithat dges Rojrrsyityn h'gnnaﬁ'f?ééaé*e degree of ion loss,
criteria. SUMVARY OF THE I_.NVENTI ON [ 0005] .In
andbwhich Sias- W%srfh%fﬁfm%tﬁryaéb@éémdksw& 19rs8itgh petween the plurality of
venti on, ther rovided a switchabl e branched
P?’Lgﬁalgﬁfr”’é‘lé"e &Si‘ﬁi Ysu ng prpr it fRRtaANS eV dfany deyipgsyppable of satisfying
branch section, a second branch sectlon and a
West @t e h connecting the trunk section with the first
and second branch sections, each of the trunk
section and the first and second branch sections
i ncl udi ng at'Ieast_;ﬁgggﬁggp&géggﬁgyéggﬁﬁggmh|ch
opposi te phases of e are
appl i ed; and a val ve nenber positioned at the
[0905111 dbirenrdatdeevithed firet asmrtxsf rthehneesmg umamaimL thelpad ;weadbda switchable
branc{;edxmp Ul Lon tsﬂlat a nk secti I’}. t br: etil E d brancl ti
2o DR st o Pt S @ TR s Bt AfgRnd branch sction,
and@ @Inlcﬁm&oﬂt&dtnh dipedask seqfon bidhvia! firdehiveRend britcB EdcBbns, each of the
vg unes of tPe trunkgﬁnd second branch sections, and
trugk SeEEhSsiET A5 Stonat rateh s ongRcludipef dqastiue flegirpde pairs to
wiidl ppbPe pH&EéHf"a%ac% ﬁEd'h@ncIyrvH%eﬁ%pﬁﬁegoﬁQ BLABGRmber positioned at
sections and inpedes ion travel Dbetween interior
the g pesivpdhotal etpenber binganerable bstveprr aifistposision tharatlows ion travel
be%@ﬁ ﬁll(t)eﬁlopa 4 ur&%‘.nozlihegﬂmag glcfgﬁ ran@lg &b&&fs %1? {n{p%@e fon tgavg]gyetween
mﬁm(shfapmds @ﬂ tbmmmk aall echudigash awcna;mgatdl a sﬁccglé Ipeslitainmyat allows ion
roi i B8R Rl 8 Pt BBfaRio bl ion ve
be@ebNRGHIOAYIIYmeM of helt@SIP AR firkt BrdnBiesedti GRARRELISINE Git st ARBScond
[0005a] In accordance wth a second aspect, there is

brzwp]bwca@ﬁ tgnkgection B@hpq&c@ﬁ@{n@ ﬁe@yzglbé fifst and second Y- -shaped planar

electrodes arranged in generally paraliel, spaced apart relation, and a plurality of planar side

electrodes oriented generally orthogonally with respect to the Y—shapéd electrodes.

[0005a] In accordance with a second aspect, there is provided a mass spectrometer system,
comprising: an ion source; a switchable branched ion guide having a trunk section configured to
receive ions from the ion source, the ion guide further comprising a first branch section, a second
branch section, and a junction connecting the trunk section with the first and second branch
sections, each of the trunk section and the first and second branch sections including at least two
electrode pairs to which opposite phases of a radio frequency voltage are applied; a valve member

positioned at the junction, the valve member being movable between a first position that allows jon



conprising: an ion source; a sw tchable branched ion
gui de having a trunk section configured to receive
ions fromthe ion source, the ion guide further

conprising a first branch section, a second branch
section, and a junction connecting the trunk section

e.first and con branch, sections, \ch. of
b DRl e o TS FrPaE neeeb g Iiap® boren
seS@GE b igpbds idndiang @ themetiol Whime f@GL AR Sech@ t$heliBterior volume
whi ch opp03|te phases of a radi o frequency voltage
0fék@6gpﬁ|bra@gt segtiqpganda ﬁ@ﬁg@?smo‘gégqt aliqyysden txpvekfpan the interior volume

of tMnk%btlorti R)Qhé/ iﬂha}/igr J&Fﬂtéqf ﬂge_;lacfbg‘d PRM@AL&iR %Bd’\ﬁfp@de@ ion travel
first position t ows 1on -2 travel fromt
from ﬁenmtmorwgﬂwﬁef tbf: trtnﬂesettrourﬁtkths @ndtriopyolpoe vithe §i rnftfemcb pection; and
fi rstragv éTCO?J mass f'unal zerﬁ tcgrr I ggre% 0 28 Lpee%ttlve ynrfse??fav%?(rmﬁn O%gg‘% l['nisg aﬁld second
brhzhtsBiohd) h@ih Be Hr@labdh®cordfbrinbie sceaqaeteink Ea:ﬁﬁlhalﬁl@mtchﬁlnare defined
and a second ﬁﬁ?ltlon t hat, al |l ows i on travel Irom
b el SfFObY GBS Bt RSO E AR Brfer Y pae] iR agpt rclation,

an\aqlpq{mrpsf Jihgr secandods @H&ﬁedsg%ﬁérhlmrmBgimhlilED@ﬂﬁ%sﬁe@tﬁo the Y-

travel ~fromthe interior volunme of the trunk section
shppedtefpetrgdst.eri or vol ume of the first branch section;

and first and second nass anal yzers configured to .
[0pehpde t1¢caei|a1yce rathaithied 4spess thieroimptoviled i mats spastiometergmgiem,

— comé:?i?i%% ﬂgt"s% seciﬂd JI(;' {DSJ‘CQS Q\%ltéh&&%%mﬁ&]@d %‘0?1%@&? hp\&?]ﬁ: yand second

T Unk séc unction are I né
brﬁnchséctiamie@eﬁﬂa@ ch’nfign&ﬁe@lrepdzlmns felretht fiod esl savond frgesdurces, the

|01F'5 gl&?%fl Ine't[1§; 08%[3 %&ﬁ??affung S‘aczlglg ig:.le K J?iggi 0%1?1{303'{1}% gg’trunl?snegﬁoaﬂ with the
firgEne ketbhd/bradich h&@l@ﬁbaledcy ofdht Brukle®p@mtand G FiRe antsesidd PREch sections
el ectrodes. [0005b] In accordance with a third

ingludjag# leaptisp &lersods pajis teadich oRppsie Bigee of birdodTeauspey wifase are

ap‘f)ﬁéﬁaﬁ '\/ﬁbé’]ﬂemlgér E)§stlt1cﬁ‘1@(gat$ﬁe%9ﬁlgloh QR 2R nfefirber B2ing movable between a
sw t chabl e branched i1 on dguide having first and second

fitisr pomiin Betctloonn trawg Eomitheainterionyekingunf d firg braaehejesiéeon to the
in elqgls voﬁﬁ ﬁf&heqruni( secho n% é;%ggd@p 1%11 QL1 B ??rﬂrtl% ﬁt’elatgrh/%lunie%@the second

her conp runk sec
brpm;h @éduom toainecitt \m@plﬁdté thiertrink ssogion, iaada sicord pt)hﬁon matraﬁbws ion

a ond branch sections 1 runk
RGeS VA SEOHABH AR S0t ORI HP LA G e ok
se@ttonl :BAGhpetiMQoLh- Bl r 6l Bre PREMCE vbﬂm\é’@f fﬁ@ fiPPafdhlsectiPh 8SI8S interior

of a radoo frequency voltage are l'ied; a valve

vohsped theypmk sectins dndie e anglyieh é‘tqﬁ&'\md oeceisliens figmreirunk
sept%n%el:gﬁ}/ fﬁp hest Qﬁts@&ﬁﬁ] bfAnch sections, trunk section and junction are defined by first

and second Y-shaped planar electrodes arranged in generally parallel, épaced apart relation, and a
plurality of planar side electrodes oriented generally orthogonally with respect to the Y-shaped

electrodes.

[0005¢] An embodiment of the present invention takes the form of

switchable branched ion guide including a trunk section, at least first and second branch
sections, and a junction connecting the trunk section with the branch sections. The trink and

branch sections may be constructed from two Y-shaped flat electrodes arranged in parallel,
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first position that allows ion travel fromthe
interior volune of the first branch section to the
interior volunme of the trunk section and inpedes ion
travel fromthe interior volune of the second branch
section to the interior volume of the trunk section,
and a second position that allows ion travel from
the interior volunme of the second branch section to
the interior volune of the trunk section and inpedes
ion travel fromthe interior volune of the first
branch section to the interior volume of the trunk

j 153 anal yzer configured to receive
and ??ﬁ%@? ht rfng’tﬁg E’I%? FUNK %’ '8 rli’l%vﬁés%!ewﬂv ﬁethqugltm aheoplanes of the
Y-shaBSPA 6L RKBE CHpRRRE pRRSs of %gl?oﬁgﬁéh%glgge Jn# 4 appl:cd to the Y- |

are deflned by first and

shap€d 816&tFI§ BnPio/tBE Q@g e!ea:ngﬁg % iaaldt alh Q?ﬂﬂ%:l iBhe w&lggghe interior
Yorp e

apart relation, and a plurality anar si

voluﬁlee@m@&aﬁmﬁdﬁ@haﬂsegmr ally orthogonally with
respect to the Y-shaped electrodes. [0005c] An

[oooenh adivemidmigd, 1bBRePAABSTHhclidh Sy b@%oﬁtﬁ!ﬂﬁﬁlytrﬂgvcﬁ VetBeth a first
swi tchabl e branched ion guide including a'trunk

positiecihd anecdild dogigish. Wikenlthatgdvs BRAMe: iR EAREN 0 RE B Q&‘ﬁmn, the
and a junction connecting the trunk section with't

first braegiciec@ch:i"opmed T hehetabyliknadad allbwas indR GhivRBS u{éﬂmenor
be constructed fromtwo Y-shaped flat el ectrodes

volumey efithetunlnargiafiat brahch see@ansamsel] the pdodhd@biahdh @bt ﬂeclosed"
el ectrodes arranged in planes generally orthogonal to

wherelhethp rmvesientfoftitues be¥ivednahe dusi aat seo6lRbrafonReGiohS is impeded.
phases of a radio-frequency voltage may be applied to

Similatip, nyvovegieapefithe velbt mogidsr anthe tsecdnt @ositicteclotes Sl MY Hanch
toradially confine ions within the interior vol unes

sectiqgf angiopeis thakecand bmah sértisac in tismafR006d iohs M8 k¥ @rollably

: menber, |ocated at the junction, may be controllably

swntchcg{,iggwm iemaratigvdyisy it firg psittwagrindndingithe ¢ amehnch séction interior

position. Wen the valve nenber is noved to the first

position, the first branch section is "opened",

whereby ions are allowed to nove between the interior

vol unmes of the trunk and first branch sections, and

the second branch section is "closed", whereby the

novenent of ions between the trunk and second branch

sections is inpeded.
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Simlarly, novenent of the valve nenber to the second
position closes the first branch section and opens
the second branch section. In this manner, the ions
wooer/gadsbrol l ably switched between two pat ra@pseorm743

first pathway including the first branch section
interior 2b WD 2007/133469 PCT/ US2007/ 010745 vol une
and the second pathway including the second branch
section interior volume. In certain enbodinents, the
val ve menber is operable in-at |east one internedi ate

i.tion, by. i b t.he .

v SR 0 R 8 R 8P b W, 1
. [ . 0007] Mo t t.h I nbek. ..
s S5, P58 BT 5V PR on
bR e 5,0 A 5 A, P Ry SRR 350 o

. suitable means. -3 WD 2007/133469 PCT/ US2007/ 010745
SecHOBRI EF . DESCRI PTI ON OF THE DRAW NGS [0009] FIG 1A

o0, MSBHES T BB, B4 B QR A . e
e BB B B 19 B TR kB,

i l]ustrates ersgective vi ew of -the sw tchabl e
-Pﬂﬂ“ﬁ?ﬁﬁEﬂgﬁfﬁgﬁgﬁﬁPﬁ§" systemof FIG |A wth an upper
Y-shaped el ectrode renoved to nore clearly show

features of the ion guide; [00111 FIG 2A
illustrates a top view of the sw tchable branched ion
guide, with the valve nenber in a first position;
[0012] FIG 2B illustrates a top view of the
swi t chabl e branched i on guide, wth the



val ve nenber noved to the second position; [0013]
FIG 2C illustrates a top view of the swtchable
branched ion guide, with the valve nmenber noved to
wonoinsas medi at e position; [0014] FIG 3A il peistsesmsoras
a first exanple of a mass spectroneter instrunment
architecture enploying a switchable branched ion
gui de; [0015] FIG 3B illustrate a second exanpl e of
a mass spectroneter instrunment architecture
enpl oyi ng a swi tchabl e branched ion guide; [0016]
FIG 4A illustrates a perspective view of a
swi t chabl e bBPBHZHBPESCRIPTION OF EHE IBAWINGS 3 second
enmbodi nent of the invention, wherein the valve nenber
[0003)s 5| i &5GB1 3A ilinsialst a PeEsPogsiva virsy el witobabie braskhed ipp guide,
val ve menber being at a first position;, [0017] FI G
accordingite p fisst embedimenp af the dpventen, Wheiping valye member isgiyaable
branched ion guide of FIG 4A, wherein the valve
betwsen gelestehBSIIBH noved to a second position; and
(éOOlS] FIG _4C illustrates a perspective view of the
100144, t c h&Pel B lnsEaesia pespestive xieyt of the gyitchable hrnchsdion guide
t he_val ve nenber has been noved to a third position.
system of {53 ol pyisianyeppepdTshapshei ootreds removegita mopgtiearly show features
DESCRI PTION [0019] FIG ITAillustrates a perspective
of theipp@rides a swit chabl e branched ion gui de 100
including a val ve menber, 140, according to a first )
0011} rhodi FErt2A HRSUElRF # LAPaHFY o thervitcable Branghadden gede. vwith the
formed, frgm an .ypper Y-shaped planar el ectrode 11 QCa
valve member jng AEst RONHOEed el ectrode * 110b, and a

lurali f.side electrodes 120a,. 120b, 130x, and .
012501 kit % ulsirmene fap VigK SRt sptchhle,Brgpehedjign gty with the
respect to E$ﬁ Elangs Qf. Y-shaped el ectrodes | | QCa
valve ;e moppd torihe Secopd OYIBO  and si de el ect r odes

ol | ectj .define a first _hranch section 132, a .
1001306 FI A ST i v of Mol g 19beiads it the
aé nction 38.cgpng&tin first and second branch
valve member moved 0 an intermediate p%smou,

[0014] FIG. 3A illustrates a first example of a mass 3pectromeier instrument
architecture employing a switchabie branched ion guide;

[0015] FIG. 3B illustrate a second example of a mass spectrometer instrument
architecture employing a switchable branched ion guide;

[0016] | FIG. 4A illustrates a perspective view of a switchable branched ion guide
according to a second embodiment of the invention, wherein the valve member is slidably
movable between selected positions, the valve member being at a first position;

[0017] FIG. 4B illustrates a perspéctive view of the switchabie branched ion guide of
FIG. 4A, wherein the valve member has been moved to a second position; and

[0018] FIG. 4C illustrates a perspective view of the switchable branched ion guide of

FIG. 4A, wherein the valve member has been moved to a third position.



sections 132 and 134 with trunk section 136. Wile
upper and | ower planar electrodes 110a and 11b are
depi cted as having nonolithic structures, other

wolzb@plieseant at i ons of the branched ion gui de sBEYUS2007/010745
utilize upper and | ower el ectrodes having segnented
structures. [0020] As is known in the art, ions may
be radially confined within the interior volunes of
the branch and trunk sections by application of a
suitabl e radi o-frequency (RF) voltage to the various
el ectrodes. Mre [ [ ;;gg confinenment is
achi eved by appl of an RF

v 5 it 9y b
20 120 130
inchudie el e b 101 AEORRIETD 2T TR Fy B%P@%%ﬂched
ion gufl 1PRS roied BB ek esisﬁ*‘?op'%?g%k FodtiiDa 2 & el & -shaped
elecvoaaﬁai&i Wﬁtg of $8E sftclspatloBBbpdoor. 8 ehﬂe@‘%ﬁlg?%ra oriented
T
gene Yo a%%%ﬁy8?“@?“§N§Pégﬁég§%pgﬁ?gh e%%héﬁ?opef |8§§qab The
orthogﬁ)e(l al l Xxde € ec (li]cs ﬁetgll%rleﬂede}gg 8 gf%g b{ﬁi%fl%ecgi%ﬁ 13§ l“Jacs!gcoa branch

|umor oen I'nterior

sectml{ P_ﬂl ?lf!:lugﬁ sécQ%nl 196 p{ngv qgcti&lnl%hlcgn&e%?h% B gtid éeggnd %ch

0 assI s dsing ions to approprlate

secnor%)il?:ﬁ an!l '%G)%c%%tﬁ)% l%fG '\Qﬁf ﬁp}cxdgﬁf lBﬁr pi\%ﬁ%lcg@gdes 110a

acce era I'gh vel'ocl t elt
o 1Y R bR b 0 bl i 6 e
469
gu%%ﬁa&%ﬁ%a%%%?ﬂ%%‘e s 03 %ﬂ%‘*?sv@% S
[0020]' nt er agf is%o%tl'ﬂ_ﬁﬂ: LA &Q—ﬁmﬁ 9%1%2:&11& ﬂh&m
oduct i ons ragnént at'i on nmay a e carried out

volumés”of‘%ﬂ@bx%cm deb AR, ra?ﬁﬁédn%ﬁ o‘f’ﬁ ﬁafbHJ A8 %requenc (RF)

upstream or ownstream I e 1on pat romion gUI

t
volge il blRflelcEEARS MURDPORLANC bl ob ifiemithd ?F%%‘%ﬂé’y
applyiri(/%!l)%ﬁ:gsf@fﬁ%ﬁés preis Rﬁ@&l%g@'(&lﬂ;ph@d,tf&eex@nﬁ e, by REASAisHREL 144) to

Y-shaped electrodes 110a and 110b and to side electrodes i'20a, 120b, 130a, and 130b. If
desirable, a suitable direct current (DC) component may also be applied to the electrodes to
provide mass filtering of the ions, in a manner also known in the art. As is further known in
the art, an axial DC field may be generated by the use of auxiliary rods (as disclosed, for
example, in U.S. Patent No. 6,111,250 by Thomson et al.) or other suitable expedient to
propel ions axially through ion guide 100. An inert gas, such as helium or nitrogen, may be
added to the interior of ion guide 100 to provide kinetic cooling of the ions and to assist in
focusing ions to the appropriate axis. If fragmentation of ions is desired, ions may be
accelerated to high velociti-es, either within ion guide 100 or prior to entry to ion guide 100,

such that they undergo energetic collisions with atoms or molecules of the buffer gas. Ions



menber 140 is configured as an elongated armthat is
rotatably pivotable about a pivot point 150. The
desi gn of val ve nenber 140 nay be nore easily
wodosessided Wwth reference to FIG 1B, whi chp@E@i2067810745

ion guide 100 with upper Y-shaped el ectrode 110a
renmoved. Wiile valve nenber 140 is depicted in the
figures as having substantially straight or slightly
curved side surfaces, in a preferred inplenentation
of ion guide 100 val ve nenber 140 is provided with
opposi ng arcuate surfaces having curvatures that

may dgpursieigedoe|velagity drerapiéoncwith a sqactivk gas and dissediale énto pfoduct
side el ectrodes 130a and 130b. Val ve nenber 140 nma

ions. Jeagraanatignimayralsmbe carded out dm prgoranerg sellision/maatien cells placed
(e.g., stainless steel) or froman insulator (e.g.

upstreant @Iﬁ%‘)ﬂsﬁm in the igmpate fow ion euidsdABuct i ve materi al .
Val ve menber 140 is placed in electrica

[0021 o nrruniTha rpbwayifelipweddysipaewithiaden gede 109 @rdemrmd &y

el ectrical contact with one of the side

contral bt pastios g val e besp A o hecoigmede theFICk 4 crthedingent, valve
vol t age suppl such that a substantially . )

membpy 349 tyronbgure as an elongpiprbarm dat is metataplyivatable ew f pvet point
ions along the sel ected pathway. Because valv

150. ﬁﬁﬁé@ﬁlgw%a!@ mpbe 148 ey dsinets sraly Qli'femeﬁuvmhzr@ferﬂfnéﬁ tp FIG.
i, nhonogeneity, the field that an _ion ex eriences is

1B, whuchdepicty ipy spidg dPR malbtepet Y ispapeg slgctrpds, L {;‘?adﬁ’g‘ot’??’e While valve
first. or secaond branch section. [0022] In FIGS.

membez §49 ispglepiptad g thfighes asfyving sg%%tawlia s&ttorﬁbgl?t%y %‘ﬁ""d side
in which ions _are ted to avel en. t he

surfagesy 18 a;pgpteryes Hﬁf%%‘“%‘?"g‘t"?'lf?ﬁé"’% gude ah5 Yalge o5 S’Fﬁ’ }4l}is provided with
bhranch seg¢tion 132, and are |quded ron1 ravel

OPPO%%& Hewate tH °Fﬁ1‘f3é’|“?&)‘f“f\’/%}“i?ﬁ§§‘t BEeE felxpatendir eggsponding
BB ARzt 0 AL 2 RO S
. R A NS S 1 L o
o R B e 5 S
communi ; xcem Q\,Etﬁ I?he side glt L& Qi%s, i{no extarr]neplé éy Qlccmcgltclogtgctlwxgm one of the
side electrodes or via a separate connection to the RF voltage supply, such that a substantially
quadrupolar field is generated that radially confines ions along the selected pathway. Because
valve member 140 is i)referably configured to minimize fieid inhomogeneity, the field that an
ion experiences is essentially independent of its position along the first or second branch
section.
[0022] In FIGS. 1A and 1B, valve member 144 is set in a first position in which ions
are permitted to travel between the interior volumes of trunk section 136 and first branch
section 132, and are impéded from travel between the interior volumes of trunk section 138
and second branch 134. As will be noted in further detail below, ion guide 100 is inherently

bidirectional, and may be configured such that ions travel from the trunk section 136 to a



[0023] The switching of switched ion guide 100 is
illustrated in FIGS. 2A and 2B. In FIG 2A valve
menber 140 is set in the first position discussed
woabonves4ed n Which ions are allowed to travelpdrarszeEeo74s
the interiors of first branch section 132 and trunk
section 136 along pathway 202. In FIG 2B, valve
nmenber has been rotated about pivot point 150 to a
second position in which ions may travel between the
interior volunes of second branch section 134 and
trunk section 136 al ong pat hway 204, but are inpeded
selected onm qfiths brangleieptens. o1 @rn%wslarcfrpm 3 8elegterhonexf thpranch sections
t runk SﬁCtIOﬂ 136. Movenent of val ve nmenber 140
tﬂﬂmﬁ@?ﬁé@WO? 86first and second position may be
cconplished by one of variety of nechani snms_known i
I00231 he ar ¥he S‘PW%?‘?@“W’%WE“F‘{% 004¢ jliyptrated in FIGS. 2A and 2B. In
el ectronechani cal actuators, piezoelectric actuatars,
FIG. 2y, yakyigimembes d 40 iy 55t W the figst Hﬁﬁg@? fiscugsad; aboyg.dn Whichjigns are
general ly desirabl e that_sw tching be perforned .
allowgdpigitepvel Behvess the Birriosseflisst ranohystiien higrangftrupk secfign 146 along
menber., although the t switchin
pathway 202. gt 28 Byraiye vﬁv’; Wéﬁt?‘bag"é)ﬂ&&ﬁ”?‘i Roint 150 to a second

configurations an Ilqﬁéjons of the _mass

Pomt*%rp'gcw*r F‘ap’ﬁ?gi’ AR VBt ﬂ*éae%%b@a‘ffwam 134
I 4 I I
a ipleeehie Aot P E: Bpt %s%ne@ﬁ%@%ﬂ%%&ﬁ%@e% first branch

ositioni f val ve 140 athir
sectiof § 48 prd ik e bt Moy feetl of BVe e rP&tween e first and
osi.tions. In thi ernedlatqvgoiltlon ch i.s

second P DA% B PoPORIPRShed dY g eV P kRawR 9 fhe ot
mcludlér&ﬂ l:fgéggﬁgleg&tgtzéc e a&%lﬁg}in ,I:})ge%o %—:ggétgatgrrs,aﬁ] %Eauhc

exa lon str

acmatﬂsow%a?éiwflg ATERE #aﬁ@ﬁn%@&n%ﬂkémfﬁ\?%s %}%F%Pﬁr%’ﬁmed
rapidly Py FAFvG B ER OL R P T, LRI 5 P switching

t he trunk S ctlonl

h
Speedta#‘éfs?*slafst“ﬂv jiea ‘ﬁ SF“A’% ROt AR eetions of the

mass Sﬁggﬂ’?f{le ﬁr 1g§tnt%ent m w %&{0%. Ih o 100. nt ! HggldatsZCond
[0024?0SI ti i kertai t her e en%atlo %)% Ql%ngfped%gxy %]ndg' %d, 1it r?%; \@Ik!eatﬁfantageous
equa Ion O trav ng rn e

to perEl taplagilﬁoﬁizg of valve member 140 in 2 third position intermediate the first and
second positions. In this intermediate position, which is illustrated in FIG. 2C, ions may
trave] between the interior volumes of trunk section 136 and both branch sections 132 and
134. This condition may be employed, for example, to combine two ion streams flowing
from the branch sections into a single ion stream flowing through the trunk section, or
alternatively to split a single ion stream flowing through the trunk section into two ion
streams directed through the first and second branch sections. While FIG. 2C depicts the
intermediate position as being midway between the first and second position, thereby

effecting an equal split between (or equal combination of) ions traveling in the branch



WD 2007/ 133469 PCTI US2007/ 010745 sections, it may
al so or alternatively be desirable to enable
positioning of valve nmenber 140 in one or nore
wo bei3sRdi ate positions whereby ions are PCTL/US2007/010745

preferentially (but not exclusively) directed into
one of the two branches, i.e., to direct unequa
portions of the ion stream traveling through trunk
section 136 into first and second branch sections 132
and 134. However, those skilled in the art WII
recogni ze that ion transn ssion be severe

sectiogshjemap plyo phﬂmwew&fl%w%tw%émomemps 06}!2&&%@%& 140
t he |nterned|ate position due to distortion of the

in ONGQFFAPIG pYFARCHate PeptigrE Ty ipgs arg preferentilly (bytyet explesively)
two exanpl es of mass spectroneter instrunent

directgd inip precefihe sy brapehes g -1p direrisnequshprertparcofthyion)stream
the first example shown _in FIG 3A,  branched ion

travely\g; througlpunk seshipn 43@ imte §rst apd sespachbrychiseraens 134 and A34-

stream generated by ion source 302 to a selected one
Howsygr, those aew igithe w34l speapxize that ivg Arapmisgor may e geverely
generated in ion source 302 (which may take the
advcrffévr Hppacse whien 1aive megpbeg 140 it H’lﬁ‘ﬁ’éd% thednteupgiizte Pegitiep due to
| ectrospray at nospheric pressure chem ca

dmmﬁ@%?é%?ﬁ@ﬁﬂﬁﬁh%ﬁ?dor a pul sed source such as a
trix: isted desorptio zatlo MALD
0025, TGS S5t 48 ot \HP CRPORE: SUne Shebkpiics ftrument
travel ction,1l endi n t he
architgrorg s AW RERLBA o Erig 200. TSRS At EEhetile STamprLim . SA.

ther fir ction 132 or seco

branct s Bt 160 i Forplgy et OB S S ion $Er i eSE5E5Y by fon
. | | .

sourc 502 to'h sElbetsl ng s Ca Bt &1 Bt 4’&%? s 38 o a6 pifaﬁasfaﬁ?ted in

. io re.djrected into fi.rst br section .13

fon sauBi 303 (Fiieh o5t e, E Fomt, g xRS hg &% FOInYSD ib5 Sopspe ugh as an

ciectfzsmyoogng}’}ﬁsﬂ? B i P B3 ara bt sk

Si

matrif Soetticll 19t oo TE?EE’?’%‘%P&O@%EQ i%ﬁ% Bk Sy 7 SH0r g section

_ 136 a{lcﬁ&av%ﬂowa?a \l.lgnplﬁ pcn hel ]i?os:t orr]laLC S%atelfglooer (tge ions.

arge ratios 0 pro

pass lgto%e i%ge%'g)g F‘]ﬁ%&% of %qgeryf%rgt b%'ar?%:% % 1%-9 E‘.@Xmg Brad ch gec%on 134

erent se any one
(or both, if valve member 140 is set in an intermediate position.) FIG. 3A depicts valve

member 140 set in the first position, whereby lons are directed into first branch section 132.
lons directed into first branch section 132 travel to first mass analyzer 304, where the mass-
to-charge ratios of the ions (or their products) are determined. Similarly, ions directed into
second branch section 134 travel to second mass analyzer 306 for determination of their
mass-to-charge ratios (or the mass-to-charge ratios of their products). First and second mass
analyzers 302 and 304 may be of the same or different type, and may comprise any one or a

combination of mass analyzers known in the art, including without limitation quadrupole ion



conmbi nati on of mass anal yzers known in the art,

i ncluding without |imtation quadrupole ion WO

2007/ 133469 PCTI US2007/ 010745 traps, quadrupol e nass
wol2odiBERe el ectrostatic ion traps, tinme-of- fadigo07/010745

anal yzers, magnetic sector analyzers, and Fourier

transfornfion cyclotron resonance (FTICR) anal yzers.

[00261 FIG 3B depicts a second exanple of an

i nstrument architecture, in which ion guide 100 is

configured in a reversed orientation relative to the

FIG 3A exang mheregé: ions flow fromthe interior
ps. gypdrHeels mass AliareclesHogARe ion tans perRkHiskbanalgRs. magestic sector

the interior volupe of trunk SeCtI?EI nthis
analyzers, ﬁ'ﬁ? Sourieg ﬁ’aﬁifPﬂ’é/’Wci‘g’%ﬁ?% é%’rﬂ“r’*&zi"ﬁbl y
direct an_ ion stream enerated géhthe sel ect ed one.

[0026f; [ ¢ Rt é@d&g&cﬁhw ’fa% Pameple phan instrument architectyreip Swhich ion
136 )

guide 13 4 G pEwed %?@r%ﬁfr Stk el 1 e PR %waje’mrebv

ions Rl BpGafe siesior Rolae 9f e BT Sre P Braeeh setipbiato tog foterior

volume el 3 1 367 11 Bl b, Y D liﬁﬁp[&’é%fonrﬁtoﬁggﬂably

_dxmtﬂg#g%‘%%@;éﬁ%%.tea%w a5 RS0 ma 12
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take che HHS igﬁ%&gg%f'wgwﬂlﬁ%eﬁﬁf%w“% 30, & T link Svithous

lnmtaﬁ? %1?56 ?g%%om%@s&ogﬁ)rﬁhfa Varﬁvan%r Stgﬁt sa?xpe olrgc’iAffcrentopes The

posmgn gf" \tral\%nnazgxlnger 1'30 cu:” nn%;h\nj rangﬁﬁ% aBmstltedl 0{(]) olnknﬂ%eﬁ(tlon

ravel 1w ections

136. f ﬁ? %IBOJ] EﬁvalYleorﬂg’ rO 5ﬁ9mttf1é‘l B t %gs%l | Or\]vhcl:sg oA AT, dxrected

ravers en t run SEC ron an ent

from fiPin %H%:X $10 Ju‘%(ﬁ’}@ﬂ b%&l%@ég{?%ef; 2 a@lﬁxlatéfe%rﬁhlg%ca &MB& When

valve B-Ien{tg? 1%% ?%Jﬁ’%% ?‘gg‘rﬁ %tg‘gg"ﬁtd(?g‘é% ll ‘5%5] ﬁg%%é&(d 1511;' g&lfrce 312

throuéi{]ggtll;%ﬁg&%x ES%E?&) ?% ih{oShintBRa4 I?f‘fé“ bi3 %ﬁ%é*&@ﬁlngeﬂ'z% §do

are 1ntended only as ilTustrative

pos:tl&mmh%%h@é, 1&%&%1%6, Qhé@h'oﬁpmay 8441 #3AP5Rh branch sections
inio trunk section 136. Ions entering trunk section 136 may traverse the length of the trunk
section and enter a mass analyzer 314 (which may be of any suitable type, including those
discussed above) for determination of the mass-to-charge ratio of the ions and/or their
fragmentation products.

[0627] It should be understood that the instrument archjtelcmrcs depicted 1n FIGS.
3A and 3B are intended only as illustrative examples of environments in which a switchable
branched jon guide may be uiilized, and should not be considered to limit the branched ion

guide to any particular application. Those skilled in the art will also recognize that two or’



branched i on guide may be utilized, and should not be
considered to limt the branched ion guide to any
particul ar application. Those skilled in the art wll
woab®aszieeogni ze that two or -9 WO 2007/ 1334G9/0S2007/010745
PCTI US2007/ 010745 nore sw tchabl e branched ion
gui des of the type descri bed above may be conbined in
series to provide switching anong three or nore ion
pat hways. [0028] FIGS. 4A-4C illustrates a second
enbodi nrent of a swi tchable branched ion guide 400,

havi | | dabl 0Si L] bl I nb 410... . .
more SR B RS b AR st ST B St i
upper.and | ower _trifurcated ectrodes 420a and 420b,

to proyi§ Switching amah KERE HIBI00 BEIBESY140a and 440D

oasE i SO SER st e 7B o
s §00 P UMY SRR P i, SRR G i a0
. 445 450 455, i. 6 d | i .
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s L
i R L e
cteco BRBLARSL 55 <y TS Pk et 435 Ak o 4o,
and juh%%%'@%hh , ﬁg.ﬂ?é’m%ﬁée&‘?ﬂt%%é’bx%h&tpéegﬁons‘!ﬁ%iﬁ, ARIBGh in the
-~ |n_a I;Gp I oOn genera _y transve:se to e —
act, orffft el o kel sl volthdtre SR8 R A MBnEl b sice
electr(}/&tg?ﬁgf I&J‘ enERiSa sﬁsﬁahqg?@ﬂ%g;%ga}% , %aan@%% EShREE 1t to the

ng novenent.

interid Iy havi ng a set of channels 480a,

‘“‘“ﬁgﬁL angkggbc ?g?%%ggt'erein. Wiile not shown in the

[0029[)' gUI egyidki}fe GPRARNGEA 194 iﬁgﬁoé RLELFhpIshDE i&ﬁgﬁ%oﬁé(bly sliding
ne or nore connecting ers that provide

valve Wﬁk{;ﬁeﬁ S Jbaﬂe%asﬁ gﬁemzy\@inmrg&m difebon Bg frail%eal Yside

out substanti y I'npeding ion flow F

elecmgcfég gfr)éaeand%@i} af AR WHBYofRRinkS kGehd®s8 tishetPrhich the ends

of valve member 410 project to permit its sliding movement. Valve member 410 may be

implemented as a block having a set of channels 480a, 480b and 480c formed therein. While
not shown in the figures, the channels will be laterally bridged by one or more connecting
members that provide structural integrity to valve member 410, preferably without
substantially impeding ion flow. For example, each channel may be bridged by a set of upper
and lower U-shaped connecting members having ends respectively secured to the upper and
lower surfaces of valve membef 410, Channels 480a, 480b and 480c each have substantially
constant cross-sectional areas and have edge surfaces shaped to match the curvature of the
electrodes defining a corresponding branch section: channel 480a matches first branch

section 445, channel 480b matches second -branch section 450, and channel 480¢c matches

Tlo.



and | ower U shaped connecting nenbers havi ng ends

respectively secured to the upper and | ower surfaces

of val ve nmenber 410. Channel s 480a, 480b and 480c

woeaehsbmye substantially constant cross-sectgTovsebe7/610743

areas and have edge surfaces shaped to match the

curvature of the electrodes defining a corresponding

branch section: channel 480a natches first branch

section 445, channel 480b matches second branch

section 450, and channel 480c nmatches -10 WO

2007/ 133469 PCT/ US2007/ 010745 third branch sectio

third hggrch spgtignedine nhaive membee 4 ) isplaged in decddeat F%famumcanon with the

nication with the side electrodes, for exanple

side %%?‘Téa%%fqr FE"’APPIS&H (MRS pomtRsh withong pbthejsifle clicrersseda 2

or via a arate_connection_ to the RF voltage

separdl ﬁwrg?m%te ¢ R&tvoltaapephinfichitha 2 ghbrRigly qradryrqley field is
ener Lhat, ially confi |ons al ong, t he

eeneraE U B A CHTYS 18P RGeS ST DR PEgauspe dive member 410

. nfiqured to ze field,i eneity, the field

is m‘?%%ﬂ{ gﬁﬂil’&ﬂ“@%%?' ey, e%gﬂf@? 3P 10D FHRETIEAGES it essentially

{ L the f t third
BRI et ire o i

t hi d 400 d t d b
oo bR S8 5 SRS O BBy e

positiph pf g V@F%E%r'@%befﬁf}?hg%‘iﬁgﬁ 35 Espfbive S R ydygmemper 410
inits B Feqnd 8%?%905{3 B i i BP0 L P iog bwecn the
interi i WOl o DR SEEIOpHop 3 6%k Bite  S6Ein 18 a'*ﬂ?@esn Gy te
preseed df ol SPfoles) EteRf e isuiBf Fojfimes ot B, 53104 4ad Sboond and
tird Gt Q04 4B a3 s@ew&.&sgggm%m meg Eh%rsegond position,

run Section secon ran

depicR 3 0D 4435% g0 HEER Ol b s VP HTP S cion
Gl T PGl

runk éec I on Irst an anc

460 aif getcég&]?raﬁ A&ﬁ ﬁn ﬂ? c{: ﬂ)]gal | fi the's e¥18r %m@%g tfunk section

posi tion, plcte
460 s At b Blra b FrcBELIRhE L P LIRS iy kaé‘%%%@%%m%@@wéﬁ fpoved
to meQLIP&ESs%Jﬁ? hé{iﬁ@tgd M@I(‘i.'&t(f rlbﬁ’ fravel is permitted between the interior

volumes of trunk section 460 and third branch section 455 and blocked between the interior

volumes of trunk section 460 and first and third branch sections 445 and 450. Movement of
valve member 410 between positions may be accomplished by one of variety of mechanisms
known in the art, including without limitation electromechanical actuators, piezoelectric
actuators, hydraulic actuators, and magnetic actuators.

[0031] The embodiments discussed herein are illusirative of the present invention. As
these embodiments of the present invention are described with reference to illustrations,
various modifications or adaptations of the methods and/or specific structures described may

become apparent to those skilled in the art. All such modifications, adaptations, or variations



vol unmes of trunk section 460 and first and third
branch sections 445 and 450. Mvenent of valve
menber 410 between positions nay be acconplished by
womoer/Bg46vari ety of mechani sns  known i n t he ROIWUS2007/010745
including without limtation el ectromechanica
actuators, piezoelectric actuators, hydraulic
actuators, and magnetic actuators. [00311 The
enbodi nents di scussed herein are illustrative of the
present invention. As these enbodi nents of the
present invention are described with reference to
that rgly upen the tgashings ofthe prgentinvintipe.nd drreughy whigh ghoag feaehjngs have
of the methods and/or specific structures described
advanged, thejgete argsongigrapdoiet ber within dlacespinid and seprieof thgepregent inpgrtion.
such nodi fications, adaptations, or variations -11 WO
Hence tlarpe degnpiors@nd depvgogy shpglust bp gensidered in gdimitipgsense, as it is
teachings of the present invention, and through which
undergthed that gla@rﬁswgtsnm&en isiengradlimited tgronly the embodiments
) considered to be within the spirit and scope of the
illustrgtedsent i nvention. Hence, these descriptions and
drawi ngs should not be considered in a limting
sense, as it is understood that the present
invention is in no way limted to only the
enbodi nents illustrated . -12 CLAIMS 1. A switchable
branched ion guide, conprising: a trunk section, a
first branch section, a second branch section, and a
junction connecting the trunk section with the first
and second branch sections, each of the trunk
section and the first and second branch sections
including at |least two el ectrode pairs to which
opposite phases of a radio frequency voltage are
appl i ed; and a val ve nenber positioned at the
junction, the valve nenber being novable



between a first position that allows ion travel

bet ween interior volunes of the trunk and first

branch sections and i npedes ion travel between

interior volunes of the trunk-and second branch

sections, and a second position that allows ion
CLAIMS$ avel between interior volunmes of the trunk and

branch, .sect i.on i.Jrpedes ion travel betvveen

1. ASW% :E)?e ?ra% elﬁirn?\g gg'fjg iog?pq?;mank and first branch

S@ﬁhmw{&tiomﬁﬂ’fre! ratdresdctisrs ta sepohdleanctdsdntiancind a Junction

sectjons, trunk section and ju on are defi
connegtingdpe Yok sesom Wity g ipandse o brél*@b%ercga%% g afrita%gru“k
sectiorh angﬁl@%‘?s@lahé{ sBB5@ breheh ﬁéﬁ&%%éﬂﬂﬁé at IE84tdlvb @Iéctr@!ﬁjpa?rs to

[urality of planar side electrodes oriented

which gmrtta ph3sesrof Ragdindicnyenly tvaltacespie eppliedoarthe Y- shaped

{?a%é’ r?lgr% er &)Sltl({}l% a?ﬁ\e ﬁﬁcﬂgn CEE a%l@ébmee;lnéhg}gﬁgﬁgh{bb{%@%

ve ne es a arm'ro
betwemoa fitst p(ﬁntlo'ﬁhaaﬂ allowg Usrdeavef batwaeminisrionbeumis of the trveak wed first

oranc{ g 0 S o S SRR S T tsecons
branchPRSHorfs! 8RA & RBchrit Bdith thalaows Rf tlabé! Hetwith ifRabl Wiumes of the
to the interior volune of a sel ected one of the first :

trunk agf gesasldtiandby sastiRnsand impedes ion travel bebypagunigacoiumes ¢hthe

¢ kilndf pass fromthe interior volune of a
run« e Il}éggtsreagb@ﬁ%&rgis the first and second branch sections
t\rdlerme therﬂrelrarmir sarohd beanol se¢dhens, tiunk se&ioni amd jurgtioaee defined

oy first ) e St PRSP o AT e g Seoed aar

relatior %hw@q}imrhlh? of Plafki §ide MBtittiRs ofielithe gbneraky Srembgbadlly anit respect -
the interior volunes of both the first and second

to the Y;phaRen alesdioredhs. 13 7. The i on guide of claimi,

wherei n the val ve nmenber includes an armrotatable

about a pivot point, the arm havi ng opposed arcuate
2. Thedon gaide of ¢aini hgzvmjemahwme webeainciuded yn ammat#ipblg about a
pivot pcmte correspondi ng side el ectrodes.

3. The ion guide of claim 1, wherein the valve member includes a slidable block having

multiple channels.

4. The ion guide of claim 1, wherein ions pass from the interior volume of the trunk section

to the interior volume of a selected one of the first and second branch sections.

5. The ion guide of claim 1, wherein ions pass from the interior volume of a selected one of

the first and second branich sections o the interior volume of the trunk section.

6. Theion gUide of claim 1, wherein the valve member is movable o a third position that

allows ion travel between the interior volume of the trunk section and the interior volumes of

both the first and second branch sections.



8. The ion guide of claim1, wherein the val ve nenber
is controllably positioned by an el ectronechanical
actuator. 9. The ion guide of claim1, further
conprising a third branch section, and wherei'n the
valve nenber may be noved to a th| rd position

7. Thpégmguide efglainr, wherew the eaive srembies includek as eow raiatabledibout a

pivot é{/@t t@%}'a‘ﬁg (];Q\nﬁé] 8Bpos%8 ta'ro%%te s:lurl’age'gér t&avmgacsv.gwgt r%g gﬁ?sgantlally

matchbfg&h@bﬁd’é&ip@]ﬁdlwmdéemﬂbm.a trunk section.configured
to receive ions fromthe ion.source, the ion guide

further conprising a first branch section, a second
8. Th® foﬁ"&ilmesc#%Faln@ﬁ"wﬁéTgmﬁhé VAGE hféﬂnb%p@%ﬁﬁburémytda@.ubﬁémsy an
section wth the first and second branch’secti ons,
aedﬂéﬁﬁﬁa@ﬁaﬁﬁ@mﬁfunk section and the first and second
branch sections including at | east two el ectrode
' pairs to which opposite phases of a radio frequency
9TwmmmmeMMMmmmmmmmmmeMMwmmmmm

, v rrber hei n ween a
membptigy b Boved G P oS DaRTT NS P AoUe! R e ok Section and
the thitdBresdndechigd. ume of the trunk section to the.

interior volume of the first branch sections and

i npedes ion travel fromthe interior volune of the
10 A SHE h .or volune of the second
_ agﬁg% se@ltel%gﬁ%qe'jn gonHFgHSHglond position that allows

|amnomswrede fromthe interior volume of the trunk
me of the chon branch

sect. interjqr vol

1B R Rest B s Mo A b e o D Seahd fons
from theGbrisairce) thed ibe glii Mlstree ebinpisib® the interior vol une

of the first branch section; and first and second -

a first hranch sertion; AepsonhRNeLsOR ANdeipagiion Fenpedtiag thaeunk section
with thé ff2fald %@oﬁ@?rafnbﬁ $kcti Qdea%ﬁga? E%anc %@Hlo?l%ﬁ'tﬂé‘ﬁrst and second

wherein the first an secon secti ons,
branchseetidnsincusting atreast by eleetratief faire do whigh bpp@:lfeauhdswcarddlo

f_requen%'g%ﬁzlﬁ’%dargl g@%r el ect rode_s qr ranged in generally

ced apart
a valve member positioned at the junction, the valve member being movable

between a first position that allows ion travel from the interior volume of the trunk section to
the interior volume of the first branch sections and impedes ion travel from the interior
volume of the trunk section to the interidr volume of the second branch section, and a

second posiﬁbn that allows ion trave from the interior volume of the trunk section to the

interior volume of the second branch section and impedes ion trave!l from the interior volume

of the trunk section to the interior volume of the first branch sectiorn; and

first and second mass analyzers configured to respectively receive ions from the first

and second branch sections;
wherein the first and second branch sections, frunk section and junction are definad

by first and second Y-shaped planar electrodes arranged in generally paraliel, spaced apart

relation, and a plurality of planar side electrodes oriented generally orthogonally with respect

to the Y-shaped electrodes.

N € -



relation, and a plurality of planar side el ectrodes
oriented generally orthogonally with respect to the
Y-shaped el ectrodes. -14 11. The mass spectroneter
system of claim 10, wherein the first and second nass

anal yzers are of different types. 12. The mass
11. Thspstmssrsgﬁ@tomet%rwﬁ@m offclamdOpyngreingpr et and $REODE MAES

an arm rotatable about a pivot

ana[yz%rgarﬁgf f%%#%?e nmass spectronmeter system of clai m 10,
wherein the valve nenber is novable to a third
interi

h I I h _—
2 TGS AP VAT TP g on o

rotatab®f aHet dpitBEpdirtr St and second branch sections. 14A
mass spectrometer system conprising: first and

second ion sources; a swtchable branched ion guide

having first and second branch sections respectively

configured to receive ions fromthe first and second .
13. Thé arass emcmmetemsﬁeanofgm.rdé Of wherhirthe g@wprriesibggisgnovable to a

third po§|§lef|me§av¥snlo? ﬁ'@v?ﬁ? h%tﬁrggrﬂ]or%gﬂﬂ% ftl‘ﬂeqtréﬁl(esetc (H{% the interior

secon ranc sec

vqumeQ@FBotﬁfthéﬁ‘rﬁt driddeoR@Bidnom sédtidné.he first and second
branch sections including at | east two el ectrode

pairs to which opposite phases of a radio frequency

14, An\{%! oL PErorRiEr &RiRdrh &bmpisig! Ve menber positioned at

unction, the valve nménber bei ng novabl e bet ween
first amdsaseqooéudn gnredsat al l ows ion travel fromthe

B bkle VMRS 8 B8 el R LR Rbend S Te brb el
configutdday eécef\xeqmg faemitné Rist ad secohdiive solircehehs emgutﬂeb‘ua!rmh

section to the interior volu trunk ﬁg ﬁﬁFénd
comprigggis Kl SAe4RISpY SUTRGAN CHRECATY BadnRee o e Ths B

secondtﬂ?&dh%béﬁdn%reé/&{ SRe f?lflnli é’lﬁ:tl&eﬁﬁmﬂk ir1260 s8EsHd Pahchisdctions
he interior volune of the trunk section and i npedes

mcludmg@m leastiwel eldatiogietiialss inwlich epPasde phasesrof a radio frequency voltage

are applied; 7
a valve member positioned at the junction, the valve member being movable

between a first position that allows ion travel from the interior volume of the first branch
section to the interior volume of the trunk section and impedes ion travel from the interior
" volume of .the second branch section to the interior volume of the trunk section, and a '
second position that allows ion travel from the interior volume of the second branch section
to the interior volume of the trunk section and impedes ion travel from the interior volume of
the first bi’anch section to the interior volume of the trunk section; and

a mass analyzer configured to receive ions from the trunk section;

wherein the first and second branch sections, trunk section and junction are defined
by first and second Y-shaped planar electrodes arranged in generally parallel, spaced apart

relation, and a plurality of planar side electrodes oriented generally orthogonally with respect

to the Y-shaped elecfrodes.
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the first branch section to the interior volume of
the trunk section; and a mass anal yzer configured to
receive ions.fromthe trunk section; wherein the
first and second branch sections, trunk section and,

unction are defined by first and second Y-sha

ed
15. The mAsy sReckemeierawstam pfa?i@l@b”r WhsEsIR nRI TS} apd Sapene fon sources
relation, and a plurality of pl anar
mecjéﬁ%e eygctrodes ori ent ed generally orthogonally with
respect to the Y-shaped el ect r odes. -15 ‘15. The nass
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nﬁaa&@gbmneem&pggh[oneter syst em of cIa|n114 wherei n the
val ve menber includes an arm rotatable about a pivot
point. 17. The nmss spectroneter system of claim 14,
wherein the valve nmenber is novable to a third
position that allows ion travel fromthe interior
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I'n an i nert or reac

brancrmtzcbrfs tadﬁbadtemr ‘t’d’l@ne of meﬁmnk sgdlonmes of the ion
gui de to provide cooling or fragnentation of the
ions. 19. .The ion guide of claiml1, further
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assi St in propelling ions through the ion guide. -16

volumes of the ion guide to provide cooling or fragmentation of ’che ions.-

19. The ion guide of claim 1, further comprising means for generating an axial DC field to

assist in propelling ions through the ion guide.
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