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BACKGROUND OF THE I NVENTION Field of the Invention
[0001] The present invention relates generally to nmass
spectronetry, S@Wi‘(’?ﬁrg%ﬁﬁ‘pg gﬁ@éﬂ I%{ %?@ upol e ion
gui des for ma . Rel at ed
Art [0002] Quadrupole ion guides are well known in the
mass spectronetry art for transport of ions between

regi ons of Lt LUDER ally
Gescri bed, CEQERREFRRENCITTOHR! RTEDABBLC STRSL" ¢
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substantial l'y quadrupol ar field thus generated
Applicgtion Peyal I%‘bréﬁ???e‘?s8li3o‘nsf\wntﬁnﬁﬁh9ﬁber}tﬁ dg§idichable Bragched lon
_ions may be transported w thout substantial |osses
Guidg], des emMayi 12 ZQQg-h ext endi ng between the entrance and
exit ends of the ion guide. 100031 In conventiona
mass spect r omet BACGKCROUND OF THEANVENTIOMNnsport ed
along a single path extending between an ion source
Fieldnfdhelnvkstiont one nass anal yzer. Recently, there has
been great interest in the devel opnment of nass
[000HpBut prosemt arvesticn eglates geniema)lyntormass spgritemetry, and more particularly to
architectures, which may require ions to be
quadapbiedbn geides fovi ihadsespedredmegers. t w0 or nore alternative
pat hways. For exanple, a hybrid nmass spectroneter may
Desctiptibnn aERéMmRddAff erent types of mass anal yzers
arranged in parallel, with ions being controllably
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not her exanple, ions may be sw tched between a
ions between regions of a mass spectrometer instrument. Generally described, such ion

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 the entrance and exit ends of the ion guide.
[0003] 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 se!ectivcly 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 controllably directed to a
selected one of the two mass analyzers. In another example, ions may be switched between a

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



first pathway in which they enter a collision cell and
undergo fragnentation into product -1 WO 2007/ 133469
wEFOWERe07/ 010745 i1ons, and a second pat hwayponustw w0745
they remain intact. In yet another exanple, ions
generated in one of two different ion sources are
selectively admtted to a nass analyzer. [00041
Successful operation of such nass spectroneter
instruments require that ion path swtching be

perf or ne ggla nannggpupat does.not result in

fons, G & SECGeA LR ISh (h% TR itk 4T ¥ opiteg xample, ions

non-.mass di scrjminatory. It is also desirable to
geneiBiath BionE of b TGN PRI ESATE Seler ey Ried ey Faass gralyzer

rapidly. The prior, art contains few if any devices
1000ﬂa§&spﬁ§ﬁéfop§%w§p§ SRR MaskSPECEMEter ingtrumejganitorthatipn path

_ I NVENTI ON [ 00051 Roughly descri bed, an enbodi nent of )

switchig berRestasmed iny a mManssr thakdeesmeeresuit in e usacceniable gates of ion loss,

branched ion guide including a trunk section, at |east
and whigk is nopgm, serinpingteryy Itdealsp dasirablae savifchbstwesn the plurality of

connecting the trunk section with the branch secti ons.
pathwiiys relativily aapidlybr Ehe prigeart contsingdgw ifeanyalesicesi capablef ofmatisfying

two Y-shaped flat el ectrodes arranged in parallel,
theseamitieraa. pl ural ity of side el ectrodes arranged in planes

general ly orthogonal to the planes of the Y-shaped

el ectrodes. Opposite phases of a radio-frequency

vol tage may be applied to the Y- shaped el ectrodes and

to the side el ecSUMMARY QORAIHHE INVENTIONe i ons wWithin

the interior volumes of the trunk and branch

[0003]ER S ughilys desdcHiB6E hnAmbdditae NEITIRE prebét advedtion tdkBSthe form of a
junction, may be controllably noved between a first

switcAISIE braHehéd fbndu@CRRRIdRRSA frifil se BRIt HAL ¥fd $RBEE branch
is noved to the first position, the first branch

sectiGHRCAAPRjuntioR B&iHREing MBRNERYseLOES with ShSbrafMPE cliBnd OHie trunk and
between the interior volunes of the trunk and first

brané,?igsi’ée%h&ﬁﬁs} ;t;\ﬁ@&mﬁmﬁtf&% 806 qﬂ%a@%&‘ RAGNe18@fdded Grr! ged in parallel,

ose er eby t he novenent I ons between

and 2 J13KLPOFsiSECROT R ARGHe APRIIIANS ghferhffP SRS konal to the planes of the

Y-shaped electrodes. Opposite phases of a radio-frequency voltage may be applied to the Y-

shaped electrodes and to the side electrodes to radially confine ions within the interior
volumes of the trunk and branch sections.

[0006] A valve member, located at the junction, may be controllably moved between a first
position and a second position. When the valve member is moved to the first position, the
first branch section is "opened", whereby ions are allowed to move between the interior
volumes of the trunk and first branch sections, and the second branch section is "closed",
whereby the movement of ions between the trunk and second branch sections is impeded.
Similarly, movement of the valve member to the second position closes the first branch
section and opens the second branch section. In this manner, the ions are controllably

switched between two pathways, the first pathway including the first branch section interior



Simlarly, novenent of the valve nenber to the second
position closes the first branch section and opens
W p@78836hd branch section. In this manner, theCT/Gs2907/010745

are controllably sw tched between two pat hways, the
first pathway including the first branch section

interior -2 WD 2007/133469 PCT/ US2007/ 010745 vol une

and the second pat hway including the second branch
section interior volune In certain enbodi mnents, the

val ve menber era in at n Menmma
volurgE and 1 secong RgEY g eﬁsw%ﬁﬂgméa?cm%lwt?rtmkvokme In
cera A bR R ORI i fé gse@gwg%g R e posion

i nvol ve a pivoting and/or sliding notion. The va
wherglsnioap mayymeee baweenihednink ssedqrpanskbatly thy ’férfb@rctateﬂm@tbranch

magneti c, el ectromechanical, pneumatic or other
sectiensi t abl e neans. -3 WD 2007/ 133469 PCT/ US2007/ 010745

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0009] FIG 1A ‘
[0007]| Mosementef the palve prembiey mayiinvelué a pivosing@ndieir sliding motion. The

branched ion guide, according to a first enbodi nent
valveohember mnay ba contmollabcaciated by plezeclretmicemagnsetisi ¢lettadyhechanical,

bet ween sel ected positions; [0010] FIG 1 B
pneumlaticist vtheesuiabpemspesct i ve vi ew of the sw tchabl e

branched ion guide systemof FIG 1A wth an upper

Y- shaped el ectrode renoved to nore clearly show

features of the ion guide; [0011] FIG 2A illustrates

a top view of the switchable branched ion guide, with

the valve nenber in a first position; [0012] FIG 2B

illustrates a top view of the swi tchable branched ion

gui de, with the



val ve nenber noved to the second position; [0013] FIG
2C illustrates a top view of the sw tchable branched
WO ew7asd4ee, with the valve nmenber noved to anPCT/US2007/010745

internedi ate position; [0014] FIG 3Aillustrates a
first exanple of a mass spectroneter instrunment
architecture enploying a switchable branched ion
gui de; [0015] FIG 3B illustrate a second exanple of a
mass spectroneter instrument architecture enploying a
swi tchabl e branched ion guide; [0016] FIG 4A
illustrates aBREtlSP g SN0, E DR
branched ion guide according to a second enbodi nent

[0009F t he FHuelA ilbustrawkarperspetiine view\of anssvitehable draichedivunyguide,
novabl e between sel ected positions, the valve nenber

accolitng@ @firsheinbbdimen® 61 thedfiver|tidd I wherkln vAlle nlemlsk iopiestable
a perspective view of the switchable branched ion

betwget siecd¥d pdsitiens4A, wherein the val ve nenber has been
noved to a second position; and [0018] FIG 4C

[0010] | ust r gl@SI BIRBEERS atﬂevs?emmwi@& of iR SvitdhabRMrenched ion guide
branched ion guide of FIG 4A, wherein the valve

systeREOPEIG. N2S Wiffhh {E}Ssﬁé? Q-E&f@d ElicirddPRMdve@o nidte ¥arly show features
2007/ 133469 PCT/ US2007/ 010745 DETAI LED DESCRI PTI (1]

fthé—%?ﬁ%ﬁd ;I G IAillustrates a perspective view of a
© SW t a‘gl e branched ion guide 100 including a valve

o S TR 0 DGR oy . o
o . | 110
Vﬂv%gﬁ%ggg‘s*{]@ﬁg??ﬁh ar el ectrode a and a | ower

rodeé 110b, and a plurality of side

120b, 130 d 130b.t ha . . .
o013} Pert offC 7 Hieat Brom i8S of S stiichrel e Bisndicd in gy, wit the
)| anes_of Y: h% ed el.ectrodes 1 1| Ga and | 1. The
Valv%"? 55W8I"e%€?dt SR POsHOBtes col | ectively define a

[00 lgiszr’st abi: f@?#}: QE{%:IN%Q a%%g:viegvn%e g F%Hg{q%gqﬁgrfgélee%tii)g réuide, with the

connecting first, and second_ branch
valve member moved to an intermediate position;

[0014] FIG. 3A illustrates a first example of a mass spectromefer instrument
architecture employing a switchable 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 perspective view of the switchable 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 wth trunk section 136. Wile

upper and | ower planar electrodes 110a and 110b are
waleprasaed as havi ng nonolithic structures, othBET/US2007/010745

i mpl ement ati ons of the branched ion guide may utilize

upper and | ower el ectrodes havi ng segnented

structures. [00201 As is known in the art, ions may be

radially confined within the interior volunmes of the

branch and trunk sections by application of a suitable

radi o-frequency (RF)__voltage to the various
el ectrodes. Mire SMMMWH nement is
achi eved by applying opposjte phases of an RF voltage

(0019 suppl iEHE- 1AcHIustkaten? perspsctive Vg 86 pwitchablg bragched ion guide 100
Y-shaped el ectrodes 110a and 110b and to side

includihg etvabi¢enernbéral 401 2@iording Oma fiast¢nit®dimentf Theewiitchdlile branched
a suitable direct current (DC) conponent may al so be

ion guidp 1 0@ ¢ foomed éropl arc uppsd 86 shaped planar elecmedssl fOaland miloger Y-shaped
of the ions, in a manner also known in the art. As is

electrbde 1 hely, akd e\phurality dffsédeagléctraales 420g1120%; F30e) ahdnEdPblikat are oriented
generated by the use of auxiliary rods (as discl osed,

generhlby orthogotiallg withrekpest td e @iinebof Yoshhpdd 2lebtrides TTNOaBAN 110b. The
et al.) or other suitable expedient to propel ions

orthogorial hhd sildb eledgbdésarvligeti vty dOfine £first Beanich §é&ionsiBeha s&cond branch
hel ium or nitrogen, nay be added to the interior of

sectionOr34gn inikik $E8Aidin01 36 avd &l funktioe BS com@dcting fiedt ahdl €edo@ Hranch
and to assist in focusing ions to the appropriate

sectioR$1132 ahd 184 3G deefloP36. 0%1le31p?618&rrcﬂ@wek PRAaN@¥ctRRAes 110a
accel erated to high velocities her within ion

and 1@0‘1‘) g deped adtidvig h@n&%f&’stﬁx@tdr@é" oftiék i’rﬁpﬂe%ntau%ﬂ@@f the branched
hat they undergo energetic collisions wth atons or

o SRR BB bust opiodck Rating Spdibbp Srketiel®
[OOZdAnt er aCAé Q%Wn%é E@QB g Sxa?%g rgdg?l S)dlz%ﬁ&%d%ﬂn B{e 1Pter10r

duct” " Ions ragnent at1 on arrle

volurﬁ&s qqﬁe BlanlP éﬁd Fr&l[ﬂ% lsecklgﬂé f ﬁéﬁlw%ﬂor? %t‘ ﬁglfu‘?ab? ragho freqla:ncy (RF)

ream or eamin romion
volta%eﬁs%aa G428 125 VB LA, BTSN e
applyvleﬁ %om%e phases ép an vo'itglgcn&upglié(ﬁ ?orEclxgmp e, %%Eesotu'rce 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 méss 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 velocit{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
walewrass4ed val ve nmenber 140 may be nore easi | yPCT/US2007/010745
di scerned with reference to FIG | B, which depicts
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
may afspemdergodowvataeity intescton math awgactive/gasiand slissheitte into product
approxi mately match the correspondi ng curvatures of
ions s Frhgmeheation mipsaldSBacanidd d80in. ondairmoreentisionlxéActionycelie placed
formed froman. electrically conductive materi al
upstie@m®r,dosindirédne His thetier pathdforh i@gwide 108Ul ator (e. g.,
ceramc) that is coated with a conductive material.

[002YR! ve NERD@athLAY foBowedBE tbriswitif ¢ guwidé 100 is determined by
comuni cation wth the side el ectrodes, for exanple by

contRI186k PosRionfifp Valéd ménbBr PAE REcdrHi‘ﬁE S HAEFIE), G RfBReR! valve

via a separate connection to the RF vol tage supply,

membef fud ﬂ"'&)nﬂﬁ B3k Qmelo?lbbﬁéd aftH 3R YO Rt atb }Ky Opﬁl'&alhlé about a pivot point

generated t radially confines 1ons a

150. S’Plllee@és Mmem§%Ma ¥ée Lﬂ(ﬁe E&@@ecﬁscl d with reference to FIG.

preferably configured to n1n|n1ze field i nhonbgene

1B, Wh hfd'eﬁﬂa:% ibR g‘ﬁud@ﬁ 00veith & ‘W F]{h%%ﬁ eLe%tr?&é £1dd éHo\(’ed thle valve

I ndepehdent Its posit irst or second

menﬁ; xrargfd]ls f}ﬁ%}édo - t{ug ngl%l‘ f‘é E%\il: L%@Absiarﬁaﬂ? gtr%lﬁﬁtc or s?ilg}{&y curved side

sitron
surfa%Fs, gna Hﬁe 2 ec(f mtno% er&nglgtaﬁ tion, gf ron sﬁun%r ancy}zﬁ%cg %nlgo lbey ?li(ghs provided with

romtravel etmeen th

099%781%@ b@fﬁ?ﬁ%&ﬂé@%ﬁ%ﬁ%& lr%’%e*s% ' ”tﬁ e gagponding
curvesiog SR miseanary, | 205 e b g%&?'m ipridy 9 b Hormed from an

confi red such th i ons, & ravel n1the trunk

electgically ¢andyeiive Patgria % Sy Fi%tsa%gr eﬂmsze@?mmwseramw) that
sel ected one of the branch sections, or alternatively

is copted with a eancuptive waterigh ¥ aesmemiar 140ds plaped ingeeqtrigal

trunk section 136. ) )
communication with the side electrodes, for example by electrical contact with 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 ereferably configured to minimize field 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 140 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 impeded from travel between the interior volumes of trunk section 136
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



[ 00231 The switching of switched ion guide 100 is
illustrated in FIGS. 2A and 2B. In FIG 2A valve
WOorgeonas34490 is set in the first position di scuBGEUS2007/010745

above, in which ions are allowed to travel between
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 volumes of second branch section 134 and

selectediome of ¢log branch 8€tiahs 0g alernhtivesty 20 a belected ené ofthd ddanch sections
fromtravel between first branch section 132 and

to thd trumiksezeohild6. 136. Movenent of val ve nenber 140
between the first and second position may be

[0023jc conp| Thdewitthing 8Lswitched o gyide 1 00 uLirssd ik AIGH 2A0and 2B. In
the art, including without linmtation

FIG. 2Ae Ghive isihsar1a8lis St inltiedirSt pdsitRitP@ib@sbdd 4bor6 i ailiElSions are
hydraulic actuators, and magnetic actuators. It is

allon@an6 trabébetRedn Bk itedid8 bf Fivdt ARG eOForPEIX Md'Mshk section 136 along
rapidly and without excessive "bouncing” of the valve

pathWBREY.  InA TN 08I Dall b frefitRE has¥dnGBiAdl ab%B_?Egot point 150 to a second
requirenents will vary according to speciftic

positﬁﬂqg heHER on® %ﬁ%ﬁ%&k&ﬂﬂ&ﬁéﬁ%ﬁ vbRihes B8S&ond branch section 134
spectroneter instrument in which branched ion guide

and %&gns%ﬁté(gﬁ ?:pé all)gg gélix\fgg ?gg,rﬁlﬁ iaﬂe k@ﬁ@ggmﬁrﬁﬁb&@ %e&’{egn first branch

I'on gu it may vant ageous

secti(pne{ﬁt iL%dr?&?xH{ ée‘&ﬁbﬁ] 93 .f l\/%’()%é}ﬁgnm%e r]'lélglbl:plég) EQ%%A glre] Sﬁ.rst and

posi ernmedi ate I'rst and second posi
i nt er nedi at.e tione. which.is i
|

| n_thi ' hel | . usty at ed. |
secore] postih infy B AR tPIFpEY B obePladlivey REmEhaiol: kb ipule art
inelufing AN EGRIPR clsnnBy S alarboe PG et pracy pydrauti
sctual 3o TSR EeUEfoE 113 5oL eI sk vt B g efermed

trunk section, alternatively to split a sin

. < r. le ion | |

rapidly anchyjthpwhgxeepsivis, Bogieing ofithe ndve mambsy, although ths exaet switching

streans directed through the first and second branch
speedsgegpirpments il vanmesording tnsipiegifis qopfigusatipay shrprpligations of the

position as being mdway between the first and second
massspegtrgregier inplaurment in svhiekcbranchedrior guide 190115 usedet ween

(or equal conbination of) ions traveling in the branch
[0024]7 In certain implementations of branched ion guide 100, it may be advantageous
to permit positioning of valve member 140 in a third position intermediate the first and
second positions. In this intermediate position, which is illustrated in FIG. 2C, ions may
travel 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



WO 2007/ 133469 PCT/ US2007/ 010745 sections, it may
al so or alternatively be desirable to enable
w@oemrtizand ng of val ve nmenber 140 in one or NOPET/US2007/010745
i nternedi ate positions whereby ions are preferentially
(but not exclusively) directed into one of the two
branches, i.e., to direct unequal 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 will recognize that ion
sectionsaitsmaysalsmeor sitgmatvebebedesingbledd earbe pysitinpingtof dralvh erember 140
val ve nenber 140 is placed in the internediate
in onp ©@s intoro mtclueediate pdsitiony whembyionshee preéatentpdlya(buf natledclusively)
[00251 FIGS. 3A and 3B illustrate two exanpl es of nass
direcsqddator anerifehe twis branokes) i.e.atocdirdce aheguabpaitiohs af thg ion stream
branched ion guide 100. In the first exanple shown in
travelthgthrdvgh trivilassekion 136 1intg firsteaniGecdril Wramdtogeetlons0132 and 134.
controllably direct an ion stream generated by ion

How8®#! 88se3kAlédinathé @htnil1eecopnezethat(iBh tR$mMisSibh nlBISe severely

anal yzers 304 and 306. lons generated in ion source

adverROR ipatel WY VallefmbiBer RI0TE plddkd S MRh@rm&diaR position due to
conti nuous ion source such as an el ectrospray or

distoRIJRTRRE {4 rBpS18SHEIg. chem cal ionization source, or a
pul sed source such as a matrix-assisted |aser

[00284€S 0T Pt ERYS I3DhFRE B QudeR-Rlo e)é?dtnéseaf %Aﬁ%wﬁé&{&n&&gg&ﬂmem

of trunk section 136 and travel "t owar unction 1

archi@%ﬂﬁ&dnltﬂgzi&%bxlaﬂ&&i%h LRtE R, qﬂ?ﬂiﬁ%ﬁ%plegﬁm G. 3A,

pass I nto the i nteriorr volume o I rst branc
: | . r t§. 3 iaf .
brandiforP Bid 06 GRASVE I ARGQUERE el dien shiim tRhaieby ion
FI 3A depi gts val v er 140 set i\l th irst .
sourds 102,13 3, 581e83e8 o % o B s 20cha3ih D8 b BLb i geperated im
. sectbﬁg 1&2 qug irected into {ir t branch section
ion squrse 35 (hich gnay; take tgfomm for examplepfa copjingus 198 SHICE such as an
to-charge ratiqs of the ions (or their products) are
electepspray G AHROSPEETE PEgsfYre cheyRicaljionizatiay spyfee, or aqiulyed source such as a
branch section 134 travel to second mass anal yzer 306 )
matrixpssigier daser Aesorpiirroionizaien (Madd30 seurselaigp intatapsad ef runk section
the mass-to-charge ratios of their products). First

136 apddrayeliomardinpstion has.y Pependimpon the msitionf valvegnembgy, the ions

same.or different type, and may conprise any one or a
pass into the interior volume of either first branch section 132 or second branch section 134

(or both, if valve member 140 is set in an intermediate position.) FIG. 3A depicts valve
member 140 set in the first position, whereby ions are directed into first branch section 132.
Ions 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,
including without [imtation quadrupole ion -8 WO
WQoM7n11188%169 PCT/ US2007/ 010745 traps, quadr upPdBURRSFE010745
filters, electrostatic ion traps, tinme-of-flight
anal yzers, magnetic sector analyzers, and Fourier
transfornfion cyclotron resonance (FTICR) anal yzers.
[0026] 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
traps F@drapmleassfikers leqteasiaticiiom traps, simereloflighhandlyress. ingagnetic sector
vol une of a sel ected one of the branch sections into
analytzies, amd Beurgar trapsformtion £y¢louemk resenaricg (F THER) analyzaiss
exanpl e, ion guide 100 is enployed to controllably
[0026]f r ect akIG.GB depicaasemmdrexamplegf danhiestsghedtaechien@mrafin which ion
first and second ion sources 310 and 312 into trunk
guides £@0 iswonfigred inila rdrversedidrientation oclat gs toatha FYG 3 A @kdmplepwhereby
sources 310 and 312 may take the formof any one or a
ions flowtfiom thedintedfor voluns0oll Lededtebudie 6fithé beanah kedtions intdithgdinterior
without Ilimtation those ion sources set forth above)
volurdB df traytk bectioh 136€ I8 gi®edmplef bfgaiie 10PHS8mpldied to controllably
position of valve nenber 140 determ nes which ion

direct hri R BtleAmagéiibiatcRithyl the @ellebied one OF FirstAnd 3€bonklién scifiees 310 and 312
depi cts val ve nenber 140 set in the first position,

into 0 &lioh 996 o SrerlaNeriRdlmals QA 314 QBn SOMELS3 HUhd 312 may
rough first branch section 132 and into trunk

take ﬁl%% Bf ddPonddie contBihifo sotftls kr?o e bR (i fuding without

secon pOSItIOﬂ I ons trave ron1secon I On source

limitation tht)glar %g%&n%?&&? orttl méﬁﬁg%9%e%é Sk & cﬂ%renbl['yges. The

SECtIOﬂ val ve nenb is also p03|t|ona

posnld?l & vall rrﬂemg ﬁb’ﬂ%@érﬁ‘ﬁr??e ich 1&{‘stre'afhgf§ ta?ﬁﬂie ['#o trunk section

avel ron1 branc I oNns

136 Flo RGPt e LR PR Q}iﬂﬁ%ﬁ%ﬂeﬂ R o B i
fm?ﬁatgén Saalrgegﬁ‘i Su 8] BB Heier AR OGP gction 136. When

e ratio of the ions.and/or fheir
valvq aghen | Ysde &asgconge%ﬁlow ﬂowebha@ %?ﬁ%‘éq on sgproe 312

that the |nstrunent archi tectures deplfted in FlGS,
through second branch section 134 into trunk section 136. If valve member 312 is also

positionable in a third, intermediate position, then ions may travel from both branch sections
into 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.

[0027] It should be understood that the instrument archite;:tures depicted in FIGS.
3A and 3B are intended only as illustrative examples of environments in which a switchable
branched ion guide may be utilized, 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



3A and 3B are intended only as illustrative exanpl es
of environnents in which a swtchable branched ion
w@eioda3irey be utilized, and should not be consPCEUSINOT/@10745
limt the branched ion guide to any particul ar
application. Those skilled in the art will also
recogni ze that two or -9 WO 2007/133469
PCT/ US2007/ 010745 nore sw tchabl e branched ion gui des
of the type descri bed above may be conbined in series
rovide sw tching ang three or nore ion %athma yS.
more[sw;!;jlblﬁP@chaw%w?&&f e dgsaibed Ao gy ibrsambied in series
a switchabl e branched i on guide 400, having a
to prayide|smitGhipg 3MONs HUBF X 1ere/Onpelys410. Branched i on
gui de 400 includes planar spaced-apart upper and
[0028]ower tFIGSiAdatEdlvsteates recondichodimenti 0fHd swiieltabls bfanched ion
el ectrodes 430a, 430b, 440a and 440b oriented
guideytife having aclidlbly gositiopabile vhlve esebsr 410. Byprached domiguide 400
| ower el ectrodes 420a and 420b. Col |l ectively, the
includ@sianasgadedvapartaippet araflosvea trifusiate eledtacles a2@sardefi0bgeand side
first, second and third branch sections 445, 450 and
electrddbs 4306,1 AB0K eld0h afid 460b oriated fenvedllyoortkofdnalby nehirespgct to upper
the trunk section to the branch sections. Again, as

and 1sWenéledtfodel @20R4Md 420 QSolle@tiPe1fS®E upperfand lower electrodes and side
radi o-frequency voltage are applied to the upper/| ower

electid@bs SfiiR firel, 86ddnAdMARRIrd Branth &N 4SS 21 5DUIBR! irédi dection 460,
quadrupol ar field that radially confines ions to the

and jhrttdni 470 c6RhetTRE tRE triie secaibh @' theahdHORBtionsD %gin as known in the
Swi tchi ng of branched ion guide 400 is acconpl i shed by

art, oﬁﬁ&ktlt’é‘ﬂhla?égldf aYhdidL fAuedy Vcﬁtagﬁ FReapptitd tb ﬁl@hﬁbf/ﬁﬂe'r Qﬂd side

generally transverse to the rection of ion'travel

electrddd alr§{ %{gﬁﬂ@ﬁ g%ﬁﬂg ﬁzfﬁmp afgﬁﬁiltqﬁﬁterq

dighi to th
ope |ngs a an ough enl 89 O?fmeslons o the

mten\éﬂlgl%n{g?@?@{ﬁ &a}lougn;%étﬁ)(ﬁ%llt o permt its sliding

bvenen . O may be inplenented as a

480c
oozdl, 0¥ " ?%Pﬁj&lﬂnf of wﬁt”g“g g ﬁé‘i"ﬁ’é&fsﬁ‘aﬁ Py €5ttty sliding
valv TR T ARGLPE ErPY FAvMEEedy %c‘? ifesn ohfesgrel, Side

electro(c)les % rcriel{g% rare agaptgc{ vevItg ro%?r'u%gs 4%21 and 475b through which 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 member 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 480c matches

-10-



substantially inpeding ion flow. For exanple, each
channel may be bridged by a set of upper and | ower
WeRMmApEd connecti ng menbers havi ng ends respeR€T/U81097/010745
secured to the upper and |ower surfaces of valve
menber 410. Channel s 480a, 480b and 480c each have
substantially constant cross-sectional areas and have
edge surfaces shaped to match the curvature of the
el ectrodes defining a correspondi ng branch secti on:
channel 480a matches first branch section 445,
thirddivanvhesecti@ 045 raY alive snemebsy4d O by placdd wentedtnenl 46Mmumehtion with the
channel 480c matches -10 WD 2007/ 133469
side Plgqirads20f07 eRaOple Dy dlédtrichlivontachiwih ohe ofithéSide dledtrceles or via a
menber 410 is placed in electrical comunication with
sepataeecormiectéoretoahé RFGrtagé stippiy.asiph ehaby sebsaitiallg juadrupolar field is
contact with one of the side electrodes or via a
genef@bthat adbdiyrveafinedlions along tiFsalaliédbgrhwind [Becauseseilive member 410
that a substantially quadrupolar field is generated
is cohfigiired 8¢lmmiliz< AEldi inRSmb gt the ield Watsel i8GleRferiences is essentially
pat hway. Because val ve menber 410 is configured to

indepandknt ot8ts positidni Al MG ER& $etond BLtHildBrandhREtiém | on

experiences is essentlally i ndependent of its

[0030PS! T O‘T'h@BQﬂBQIaS' e1bivES by 1&§%ﬂgn n SikbE dod fsadl’%hmned by the
section 0301 The pathway foll owed by ions with

posxﬁ&f‘n%igwl\%eméxggeﬂ 81 elt'l%fgnﬁkeq diqteresPQive gckﬂa Rt v\éﬂzle\ﬁ?ember 410

4C respectivéely depic

in its ﬁllsy %eéB%H’%E n }tﬁgo%\ﬁoﬁst S‘In tﬁé filst Rﬁﬁﬁ&p q?&lﬂ'gv%l I?% ég'mltted between the

posi'tions. Irst positio Iorf trave

mterf;ozc VB pepRR e o s éf*%*tnf‘é%* Blan¥P a0 425 abd %P%léﬁd (p the
prest bt o P BERRRDIR6Per B ieder VB B SR oa st sccond e
b h t,i d 455. Wh ..
thivd gl sEETs g g PO V%ﬁlemb&éﬁ?@?%% tp ﬁhepfeaoné osition,
I db t th t | .
depigsfd it %% 4B, dp e i oot FEDTRE B ST s BL st ik section
and bl ocked between the interior volunes of trunk
60 and-secopd brageh sgetion 450 and hlpcked petweren Hienintezior vohunes of trunk section
455. Finally, when valve nenber is noved to the

460 @a:pﬂ firgt ?}&ﬁhtrﬂ&ﬁancaesswe@w‘wrﬁnﬂﬂé@ Kanallyowhen xglyp member is moved

permtted between the interior
to the third position, depicted in FIG. 4C, ion travel 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 illustrative 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
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vol unes of trunk section 460 and third branch section
455 and bl ocked between the interior volunes of trunk
W@ wria6s60 and first and third branch secti oPGI/UZH07/010745

and 450. Movenent of valve nenber 410 between
positions may be acconplished by one of variety of
mechani sms  known in the art, including wthout
limtation el ectronechani cal actuators, piezoelectric
actuators, hydraulic actuators, and magnetic
actuators. [0031] The enbodi nents di scussed herein are

that relyl uinrthé teaehings dfhe preseaninventic) thd throdigh whiek $kose teachings have
enbodi ments of the present invention are described

advaidedithé eift eirea6@sid@ed td besivithin A8 Spirit vad &P of the present invention.
nodi fications. or adaptations of the nethods and/or

HenceP@esd d&pﬁf)ﬂi&%ﬁﬂﬂ@lﬁaﬂﬁ% shdid n6Bde c&ﬁﬁ_ﬂ?ﬁﬁ iARNAhRINE skise, as it is
those skilled in the art. Al such nodifications,

undeREHA Rt AB PresOfit iNAHRN i9fFns Why WRifdA8/0hBIAE Embodiments
PCT/ US2007/ 010745 that rely upon the teachings of the

illustBft&pent invention, and through which those teachings
have advanced the art, are considered to be within
the spirit and scope of the present invention. Hence,
t hese descriptions and draw ngs shoul d not be
considered in alimting sense, as it is wunderstood
that the present invention is in no way limted to
only the enbodinments illustrated. -12 WO 2007/ 133469
PCT/ US2007/ 010745 CLAIMS Wsat is clained is: 1. A
sw tchabl e branched i on 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 electrode pairs to

-12 -



whi ch opposite phases of a radio frequency voltage are
applied; and a val ve nenber positioned at the
WO eoeti3Bng t he val ve nmenber bei ng novabl e bet We&RUS2007/010745

first position that allows ion travel between interior
vol unes 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 travel between interior
vol unmes of the trunk and second branch sections and
i npedes ion travel betweenCLAIMS or vol unes of the
trunk and first branch sections. 2. The ion guide of

Whacisalaimed issher ei n t he val ve nenber includes an arm
rotatabl e about a pivot point. 3. The ion guide of

1. AGwaickuble brdiched fon fiide 2bitprisiagber includes a slidable

bl ock havin I tiple channels. 4. The ion guide, of .

o1 B Soie: 2 A bpeh sEQon £ Stont DriTHhSEr iR pBg ghicgen
connk&ithgl the Bink 86dtiodNwith thel fiYSt Ad REGRY brdAEN SR tiBHSs, Rach of the trunk

sel ected. one of the first and second branch secti ons.

sectign anghheifispt and; sgeonsk brapeh) saconsReluding atdeast puR lestreslp pairs to
whic“b?pbﬁ{eeﬂﬂa%s ofQ HAR ﬁéq&n&ebﬁﬁgﬁ%@%lféﬁ; ade first

and second branch sections to the interior volune of
t he valve menthes pogitiongl atthe junstorythesalye mambeasbeing movable between

a ﬁrs%"g%iﬁbﬁ‘ tﬂabﬁué’\% }’oi‘i-.l RPBLtweSn imy.?&# Volliflefof cﬂle ik and first branch

position that allows 1on travel between the interior
sectigud andgmpiedeshionttraynkbeatween imterzon ¢y otumeesi oftthe tronk guyd sacesd branch

. fi r '
sectiBy, alih Jedonfl peplish, AU RRS B0F YA BERBR RO volfned BFthe trunk
and fecamtbraselcsdctings and innpedse mni tervehbetwegn ims¢riamvodumes of the trunk and
f efined.b¥ first and second Y-shaped pl anar el ectrodes
irst Brapeh 840N general |y -13 WD 2007/ 133469

PCT/ US2007/ 010745 parallel, spaced apart relation,

sj de el ectr s oriented

2. TRE ot SF i PSPt DU FrsSaes (et 78 Apdf e about a

pivoEpd&ft r odes.

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 branch sections to the interior volume of the trunk section.
6. The ion guide of claim 1, wherein the valve member is movable to 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.

7. The ion guide of claim 1, wherein the first and second branch sections, trunk section and

junction are defined by first and second Y-shaped planar electrodes arranged in generally

-13-



8. The ion guide of claim?7, wherein the val ve nmenber

i ncl udes an armrotatable about a pivot point, the
w@eowrhassng opposed arcuate surfaces havi ng cUPCHUSZ08F010745

substantially matching the correspondi ng side

el ectrodes 9. The ion guide of claim1, wherein the

val ve nenber is controllably positioned by an

el ectronechani cal actuator. 10. The ion guide of claim

1, further conprising a third branch section, and

wherein the valve nenber nay be noved to a thlrd
paralig)sspareshapset ielationnand aplural gy ef plseassadnmelesteodes grignted generally

onho;g%ﬁsmmlmg pebtolihl Wstl%h%&‘&i&ct?@d“és' on. 11. A mass

ectroneter system cofprising: an ion source; a
smntchable branched ion guide having a trunk section

onfl cej ve. | fromi he |o sgurce
T8 28T iR 2 ety RE P 0 bty s 3R e ahout
pwotsmnm mmml@mposm aenste gusfacesthavingcanaeats nghstandally

¢ secti mﬁ&f i f.irst and second branch

mate lé"@t %ﬁ%"esé’ggwngisl FEFedR% section and the first and
second branch sections including at |east two
el ectrq irs_to whjch opposite phases of a rad

9. The %@@ ﬁ‘ﬂ?% ’ewlmmagﬁ Vhlg membes iy eorioilgly posttioned by an

electigddhhRidaichcatatéhe j unction, the val ve nenber bei ng
novabl e between a first position that allows ion

travel fromthe interior volune of the trunk section

10. T foRuidd$fain 1, WathéEotfprishify 4 it bras&rkelan&i% Ghi %%rem the

and i npedes ion t’ravel fromthe interior vol ume of
valvg membermry deamovsd te @ thipd ppsitier permittisigine trevelthebvesadhe grunk

secnS’rﬁQ:‘ikal‘xe%ﬁﬁ&b ch @icd, second position that allows ion

travel fromthe interior volune of the trunk section
to the interior volune of the second branch section
n ravel fr.omthe interior volume of the
1. A Hace PBEIBIALAERY Ebmbhit N | 1 or 1 OF ol ¢
branmhs&aﬁm;on and first and second mass anal yzers

COPLLAHLBR L OniRARES bhiE aving Gk 420t Lo HPutdifto teedive 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 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 interior volume of the second branch section, and a second position
that allows ion travel from the interior volume of the trunk section to the interior volume of
the second branch section and impedes ion travel from the interior volume of the trunk
section to the interior volume of the first branch section; and

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

and second branch sections.
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and second branch sections. -14 WO 2007/ 133469
PCT/ US2007/ 010745 12. The nmass spectroneter system of
wa@b@rnsidg wherein the first and second nass aPel/yEBnF010745
are of different types. 13. The mass spectroneter
system of claim 11, wherein the valve nenber includes
an arm rotatable about a pivot point. 14. The mass
spectroneter systemof claim1l, wherein the first and
second branch sections, trunk section and junction
are defined by first and second Y-shaped pl anar
12. Biesvasscspwomﬂpangm phiclgiam é i awhsreinctha ffirstland seecond anass analyzers -
t | ation, and a plurality of planar side
meo@?@f YBEEES oriented general Iy orthogonal Iy with
respect to t he Y-shaped el ectrodes. 15. The nass -

ctroneter ste | ai 11 mhe ein the val ve
13. PR SPEc0aET oot 4t i Tl herirhE vEis fienves elydss an am
rotatdbl@xsdut rpvetipaénti nt eri or vol ume of the trunk section
to the interior volunes of both the first and second
branch sections. 16. A mass spectroneter system

14. TR TRAdsS) Q&rométhf @Iste%mefaﬁﬁ@w wa&eﬁ.qué ¢®st;an@ second branch sections,
swi t chabl e branched i on guide having first and second

Hunltﬁeamarwpmarﬁéigﬁe@d by &irs and segong U¥-shiaped planae plgetrodes
arranggclf gleééf'nglr:gtl&grﬁrélgéé, a@&fjap%ﬁqeﬁgoh S::ﬁ%m&?ﬁy of gnér%ﬂie electrodes

rising a trunk I on an
orientagrgenetally coteeenallygwith eeswcemk ﬂsee‘tftSihewd/ﬁlmrqdhe first
and second branch sections, each of the trunk section
and the first and second branch sections including at
15. Theasasstspecteimeter Hetempaf elgin ¢ 1 ;mh@hirnpp valve enepim e@smotable to a

. ,a r.adi uenc Cihedl 8PP |ed
third [5’8%@?? gl-haé 8ﬁ§¥v etr?vlj:h %rtolg'xothe utltﬁrelme a ume f ﬁ% e@mﬁ( seﬁ?on Fo the
interiop valhes o€ buthethe fidstfand steq:ndsbranahrsetﬂimts al l ows ion

travel fromthe interior volune of the first branch
section to the

16. A mass spectrometer system, comprising:

first and second ion sources;

a switchable branched ion guide having first and second branch sections respectively
configured to receive ions from the first and second ion sources, the ion guide further
comprising a trunk 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 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 branch
section to the interior volume of the trunk section; and

a mass analyzer configured to receive ions from the trunk section.
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interior volume of the trunk section and inpedes ion
travel fromthe interior volune of the second branch
weW7igx6e o the interior volume of the trunk SRCE/I82007/010745
and a second position that allows ion travel fromthe
interior volume of the second branch section to the
interior volunme of the trunk section and inpedes ion
travel fromthe interior volune of the first branch
section to the interior volune of the trunk section;
and a mass anal yzer configured to receive ions from
17. Themhssupecisanttensystem hbcMith 260whdrdidthe first and second ion sources are
f.d.EC.’I'/U82007/0107_45 17. The mass spectroneter system of
OL difleTeNiYPES- wherein the first and second ion sources are
of different types. 18. The mmss spectroneter system
of claim 16, wherein the valve nmenber includes an ar

m
18. Thg mass,IpectEeyBeter %ystﬁm, gf clsgp A6, Whereinrthe valyemember includes an arm
rotat$1€ abs AT 86t poyitt em of claim 16, wherein the first and
second branch sections, trunk section and junction
are defined by first and second Y-shaped pl anar

19. ﬂeeﬁ\%s?%?étrorﬂétéla{}% a.bgflgﬁlq 86 axlvl%r]gﬂgﬁﬁ'l@ lerﬁ' andég&ﬁl%doranch sections,

apart ation, urality anar s
trunkedegtion anibincuen anetdefingd hy fiastiapd secdndg\Gishaped plartan electrodes

o e .
armarlgEd B Glnetfly Il SRA0EF by Rl B hd £ bhurol P oF Bfar side etectrodes
orienteshgamerally arthpgbhallyt with resphétrtd theo¥ishaped ¢lbetrodgb.l ows i on

travel fromthe interior volunes of both the first and
second branch sections to the interior volune of the
20. Themasssspettramete2dystehinof ¢laim d6) wherein the aalve inembwriemovable to a
. .an inert or, reactive.qgas j.s .added t.o the.interi
third Posihadhatgflops ion iive APTLUE JSTE, YIRS 6F (BN the Trst and second
brandH SQHBMN @ithe thtéHortdfurh®BFthedrink SB&tidron gui de of claim
1, further conprising neans for generating an axial DC
field to assist in propelling ions through the ion

21. Dhé 8- guidebof claim 1, wherein an inert or reactive gas is added to the interior volumes

of the ion guide to provide cooling or fragmentation of the ions.

22. 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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