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BACKGROUND OF THE INVENTION Field of the Invention [0001)Mass Spectrometers often employ
multipole ion guides including collision cells. lon guides include a plurality of electrodes to which a
variety of vol¥4§e8%4fe&Bdlied to contain or move ions radidiraaY BedsaenS FRE2Wsitidvention
relates specifically with apparatuses and methods for moving ions axially by auxiliary rods in multipole

such as triple stage quadrupole BV LIELR AR ofaa 55 spectrometers, gas within
the volumes defined by the RF rod sets in ion gwdes and coII|S|on cells improves the sensitivity and

mass BACKGROUND OF THE INVENTION

Field of the Invention

[0061] Mass Spectrometers often employ multipole ion guides including
collision cells. Jon guides include a plurality of electrodes to which a variety of
voltages are applied to contain or move ions radially and/ or axially. The present
invention relates specifically with apparatuses and methods for moving ions axially

by auxiliary rods in multipole ion guides and collision cells.

Discussion of the Related Art

[0002] In tandem mass spectrometers such as triple stage quadrupole mass
spectrometers, and also in other mass spectrometers, gas within the volumes defined
by the RF rod sets in ion guides and collision cells improves the sensitivity and mass
resolution by a process known as collisional focusing. In such a process, collisions
between the gas and the ions cause the velocities of the ions to be reduced, causing
the ions to become focused near the axis. However, the slowing of the ions also
creates delays in ion transmission through the rod sets, and from one rod set to
another. While the focusing is desirable, the slowing of the ions is also accompanied

by other undesirable effects.

{0003}  For example, when a rod set of an ion guide transmits ions from an
atmospheric pressure ion source into a mass filter, the gas pressure in the ion guide

may be relatively high (e.g. above 5 millitorr for collisional focusing) and collisions
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resolution by a process known as collisional focusing. In such a process, collisions between the gas
and the ions cause the velocities of the ions to be reduced, causing the ions to become focused near
the axis. However, the slowing of the ions also creates delays in ion transmission through the rod sets,

and from oné%8d%&t #878hother. While the focusing is desftéBi@eh PP $H0m81d-diso

accompanied by other undesirable effects. [0003]For example, when a rod set of an ion guic_ie _
transmits ighs WA ANAHRIOSRNBHGANETHIBRIRNSQUGR INtanaes Hiltes ithe B In the ion

guide may be relatively high (e.g. above 5 rnillitorr for collisional focusing) and collisions -1- WO

2009/ 148?@%%@g@9&ﬁﬁpggﬂémgl%%ﬂéﬁng the mass filter just downstream.

This delay can cause problems in multiple ion monitoring, for example, where
several ion intensities are monitored in sequence. If these multiple ions are
monitored at a frequency which is faster than the ion transit time through the ion
guide, then the fact that at least some of the ions are slowed to a stop has the
negative impact of also causing the ions to have a sequence and a reduced rate at
which the ions can be detected. The sequence and rate at which the associated data is
processed and saved is also affected. In this case the signal from ions entering the ion
guide may never reach a steady state. Thus, the measured ion intensity may be too

low and may be a function of the measurement time.

{0004}  Similarly, after product ions have been formed in a collision cell
downstream of a first mass filter, for example, the ions may drain slowly out of the
collision cell because of their very low velocity after ﬁany collisions. The ion clear
out time (typically several tens of milliseconds) can cause tailing in the
chromatogram and other spurious readings due to interference between adjacent
channels when monitoring several parent/fragment pairs in rapid succession. To
avoid this, a fairly substantial pause time is needed between measurements. The
tailing also requires a similar pause. This required pause time between

measurements reduces the productivity of the instrument.

[0005]  In order to move ions axially through the multipoles forming ion guides

and collision cells, it is known that the ions can be moved by segmentation of
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with the gas can slow the ions virtually to a stop. Therefore, there is a delay between ions entering the
ion guide and the ions reaching the mass filter just downstream. This delay can cause problems in
multiple ion monitoring, for example, where several ion intensities are monitored in sequence. If these

multiple ions ¥ 3H8Hitti#¥d at a frequency which is faster fféerasy Becket REIAZHIGRMN The ion

guide, then the fact that at least some of the ions are slowed to a stop has the negative impact of also

causing the,ignsAe.nave A CQQQM%%Q%;ggg%&e%%m@ £8'&§e%%|9 D %ge&ted- The

sequence and rate at which the associated data Is saved Is also affected. In this case
the signa:é[,g 48931 Hglagi %ﬁb Ql%ux%ql‘ﬁfﬁﬁ}i ever reach a steady state. Thus, the measured ion
intensity ayage too%o a%%‘ ay?be a func on‘%f the measurement time. 100041Similarly, after
product ions have been formed in a collision cell downstream of a first mass filter, for example, the

lons may figedislowds aul-aihe salisienirtaesauee ARl yeaclawalaqty afiglgigny colisions.

The ion clear out time (typically several tens of milliseconds) can cause tailing in romatogram

and other sBy7eKs, [SAAIE> A R dilerle ARk ReMfeAn AARgaal HannslEepRopionng several

parent/fragment pairs In rapid succession. To avoid this, a fairly subs pause tirhe'is needed

between asurements, T.he,tailing als uires a. similar pause. This. required pause time between
measuromEORPSg G ey HcHE e Falfobng, IR e e et B iBns axialy through

the multipoles.forming ion guides and collision cells, it is known that the. i can be moved by
segmenta%gﬁdgfl %?Jl%ﬂ%r};e/ ro&gegr?? e&a‘%ﬁﬁ?ﬁ%’ﬁ%&\?&fﬁﬁ%@e %&ﬁ%@é@%@rﬁ&oﬁ f&"&'voltage
gradient along a length gf the multipqles. [0006]Background information for such a method is
descnbed‘!fﬁ@g?%%an?%%%@ ﬁﬁﬂé’&, %ﬁ@é@ﬁ@@%#ﬁ)ﬁ%@ﬁ@ﬁ@%ﬁ&ember 8,
1998, to Thompson et al., including the following, "In a mass spectrometer, typically a quadrupole, one

of the rod G5t 3 Vaplsh v esRee R eartntheTet seegnerting tedioracox ke BspviriRgaxial field can

be created by tapering the rods, or arranging the rods at angles with respect to each other, or
segmentif§HEE OIYCstes orraceameqiedrmiivirondy oF ke prantiomasiied soadueivy providing a
set of conductive metal bands spaced along each rod with a resistive coating between the bands, or
by formingnedehbesglaspacadalnity earbsiolveidhre rienisibegioopting hatwreguctheebands, cdiing, or by
other appropriate methods."

forming each rod as a tube with a resistive exterior coating and a conductive inner

coating, or by other appropriate methods.”

[0007]  Background information on another segmented auxiliary rod structure is
described in US Patent 5,576,540, entitled, “Mass Spectrometer With Radial
Ejection,” to Jolliffe, issued November 19, 1996, including the following, “Each rod
140 is divided into a number of axial segements 140-1 to 140-7, separated by
insulators 141.....The voltages on rods 140 create an axial DC field along the central

longitudinal axis 142 of the rod set 132.”

{0008]  Background information on other auxiliary electrode structures can also be
found in US. Patent 3,147,445 to Wuerker et al., U.S. Patent 6,713,757 to Tanner et al.,
U.S. Patent 6,909,089 to Londry et al and in U. S. Patent No. 5,783,824, entitled “Ion
Trapping Apparatus,” issued July 21, 1998, to Baba et al.
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[0007]Background information on another segmented auxiliary rod structure is described in US Patent
5,576,540, entitled, "Mass Spectrometer With Radial Ejection,"” to Jolliffe, issued November 19, 1996,
including the following, "Each rod 140 is divided into a number of axial segements 140-1 to 140-7,
separated by insulators 141.....The voltages on rods 140 create an axial DC field along the central
longitudipatekis 1TBobtRelidmch 4672802 60 dETRakyiouRYs MO AHSTRAFSS BRECAuxiliary electrode
structures can also be found in US. Patent 3,147,445 to Wuerker et al., U.S. Patent 6,713,757 to
Tanner esahirg: nRateht 6290 godient bodmaetingdcodiivosgiPamm feels YB3 a ahftied "lon
Trapping Apparatus,” issued July 21, 1998, to Baba et al. [0009]The U.S. Patent 7,067,802 to

Kovtou W@@&h%ﬁﬁ%@%&émmmyﬁtéwmmmmaﬁmmm eadtishit folerovirpBiiggrough a
multipole by applying a resistive path to an outer surface of the main electrodes of a multipole and

applyingaqﬁq,gggggngﬁgggﬁmvlgamth. [0010]The US Patent 7,084,398 to Loboda et al. teaches a
method of selectively axially ejecting ions from a trap. The abstract explains that the method includes

"...separating the ions into a first group of ions and a second group of ions by providing an oscillating
axial elegggegield vythinithpaied: o080, seBinidrabbtive aitatideaches a method of selectively

axially ejecting ions from a trap. The abstract explains that the method includes
v ..separating the ions into a first group of ions and 2 second group of ions by
providing an oscillating axial electric field within the rod set to counteract the static

axial electric field....”.

SUMMARY OF THE INVENTION

{0611] Hence, embodiments of the present invention are directed to auxiliary electrodes that can
urge ions axially in ion guideé ah& caﬁiéion cells. There is a need to provide these
auxiliary electrodes at low cost and in a manner that makes it feasible to easiljr
configure tﬁe auxiliary electrodes to any shape in order to match curved main
electrode sets. Placement of a generally flat or low profile array of finger electrodes
on a printed circuit board material enables placement of the auxiliary electrodes
formed with these arrays between main RF electrodes in a multipole ion guide or
collision cell. The placement can be such that radially inward edges are close to the
central axis. Thus, axial voltage gradients created by the voltages applied to the

array of finger electrodes can effectively move the ions through the multipole.



axial electric field....". SUMMARY OF THE INVENTION [0011] Hence, embodiments of the present
invention are directed to auxiliary electrodes that can urge ions axially in ion guides and collision cells.
There is a need to provide these auxiliary electrodes at low cost and in a manner that makes it feasible
to easil ure the auxmar lectrodes.to an e in order.t match curved | eIe trode sets.
Placemﬁ}ﬁ?{]#gng%né?alfy fiat or?h D ?%ef“rt ‘3‘?‘?5“ of r11[';11gr%rlseIgot‘rc(jigi%s on a ﬁ(t:g ﬁ%ﬁﬁt board material
enableé“ﬁiéiﬁ%lﬁﬂé’ﬁtg?ﬂr%%‘“&ﬁ%ﬁﬁ?%}”é‘f@l%ré’&ié@%?ﬁ’r‘eﬁo\ﬂﬁﬁpﬁreasg ‘éf??&?fs%@f\‘/\?e@ﬁcﬁ?gﬁ% PEREctrodes in
a multipotedandguitie deaoliisiomcelicrBheé plddepent sanchdosaepi tinatkadidiketmdly saies'are close
to the cpAtpal@xisvidhuseaxialvotiagagenrdients enesie: by the: veltagakapgliethte thenanteyof finger

e'ectm%@@&@@e&)ﬁw&'hmy%mgw%ﬂ@ awgrr the EBHWB?'@@:[QQ@%UA@ fical@snes.afihe present

mventloar;nj there IS pro |de .8 mass ssp%ctr r havrn {P%e ion urde qevrce cpmcprlsrng an
16 max C]C cas one &UXI [alale] CCP]I,'% S}_}]g ?ectrical. SICIMENs
electroriic contré’ﬁer a Iur hain e ectrodes op era connecte the electronic controller and

an RF ﬁ%ﬁ@#%ﬂ&@?@ﬁ%&?ﬂ%’d Bt ‘"\‘}Wa@fe%“ﬁ?rtﬁlé‘i‘ﬁ‘ﬁﬂﬁb@?g TPl GRIfHE G SNBSS BPEF DN of the
electronisreeitrofierraldeusteonbtaustiicny eleetraderbnndstedtyprDingdafessotireecdma thé
controllefs thesak{eastenalauwdliary @ect oseidispeskdieiwrear at ieaslrewinaadjaﬁam er@shaf the main
electrodgsthe a J&aﬁgms%'h@ryo%e%r%@mmgag% | glempais inchidingableast one
genera(lﬁ Iat array of f| er e(l)eﬁqtg%g% 3 dla thHrallty of resistors interconnecting respective finger

A Substrate suppaorting the finger electrodes and the resistors;

electrodes 6f the ? ?&a e arra
whereirl '{Wel%rt‘a@é@%ﬂ'@épﬁﬁp%é%@ﬁﬁ@ BEHNagETS {h&SMash M niitiousEn \UPsHe finger
electrodesdseinh agmdnotonically: progledsives vesitagBagradientabiy reSpeetvelfigérefeertbdes of the
array alengadgngthhefdbe-anxilianralectunten T 1bbide soseechd agpect diheprgsent imeention,
there 'S&Jaraéssdlﬁ\ miﬁpagtrarngra@ having arau!rmleo@@fgmrdeogmrlsraged@tnoggem@@
controlle{ a(p uram% of mal Qﬁodes 0 era y conn cte to Ehe eectro ic cQ troII(e\3 nd an RF

C SGurce v1a 01 east one au EBI‘ C ect {58
voltage source ¥ for ap eld |n es to maln elec rogrés In {he multipole 10 e de\}fce under

operatidhtyFeh é‘tc,lﬁfrﬁrﬁﬂe? Jéf?%ta@%eé Hé tHE L B 6L Talimelady t%n&e[jjé"%ng’ﬁ &4 B %Yia the
controllerxilveatststionerasitizry elecaodenttiyp sedadatwels s apie st aejaedtishdssst the main
electrodesefdnutipele-iengting davies theatterast DS auxiliantelectindeve dmprisiagiodteoffical
element‘gelqglrégrpgrgtgle%sgpmg@r ray.ahagnesally fk%%tf ingensleqiro cﬁ‘@ﬁ’g%éeﬁﬁge%%ﬁ@@' to
analog C%n?"/ ?153% \%3&9 %r;g‘ercge egeose%gtrwoezef Ieg %Ot?ze 1R fe;' € eatrog%st; tgg a?%%yo%f finger
electrodes’ and at 16ast one supstrate supporting the |ng F electrodes; wherein the DC vo ltage source
applies BAE & HIGHPHIE L ENESE To 48! RGeS ‘?Fé’&%’&e@%? s s gt B?&U’?B Pﬁregg’ﬁ%ﬁg a
voltage igratieritton ahlease spe etivididin glacaidetfotas ohghent aaialy chrevgh A atovigpdddery gyt the at
least ong-duxifary slectadedtasenoving ions axially through the multipole ion guide device of the mass

spectrorm@i%g R0L144d Q@JA@'E@ ﬁé@?&&&&%ﬁ&sgﬁmyemw@%eﬁam@m@!ﬁggadrgem@@lm moving
ions throu% almultlpolg %lélqne gevus:qe s'£ec mass spectrometer, the Eth(ggpgq pa[rrsgg[gﬂgtlssposmg

an auxrllary %(fecfrod%ucom rsing a_t etweén ad acent mai RF electrodes of the multipole
ion guide e IBPRARG g’t“?é’a"gt 8?‘?& %et‘éﬁr‘i{ﬁ‘rf%t Fﬁ%‘ﬂ&gr‘ﬁlﬁcf‘a‘ﬁiﬁeooﬁfo’i?%é’glﬁ AR Yifsction by
at least amérag ayleftyeraiatyiiatirpemid serasdd s disprse diop el e pldte e agximary!
electrodgnapply g fiespetiitedoltiges-ihaidpsiio theifinf érefedtrodesthrdugipybspectivetiesistors;
and mopgtepicallymevingdonsth @é&@d&earrur@p%@p@ﬂm@e@evmIna&raaamh;d kREtiQNkY the
monOOMEIANG ALKl ﬁo&l i e dedtin asasg-l e BestALIMERaNGEte o Provoed @

method vrn Jions through a multipo e lon gul evice In .a mass trometer, the m thod
comprlsm%“&l}s{’i‘o%fﬁbﬁﬁﬁsﬁ ﬁé@fé@&%&é’ %Wbﬁ%ﬁf? PRI St Eiénﬁg‘ﬁ’/geo ﬁ’&ﬁf&@ﬂ% W{gﬁ% efectrodes
of the muitipesie iém guide duitednapplingriciemtondiramytol voroRgessn AiPesdal Hiraetbiby at
least ongeatrai ebaeneanally fiat fingareelectrodes:disposetbarndhe dhihglateigfithenagnitadyvelgctrode;
applyingys Ve REnvoltages Uamg%sﬂﬂger AlBCtiadesby, one-f mera-compderagniolgskvoltage

supply; BT BGRET hrgugh the multipole jon guide deice in ihe axjal direction Ryhg fange of

voltage
ﬁngcr electrodes by one or more computer controlled voltage supply; and moving ions through the

multipole ion guide device in the axial direction by the range of voltages.
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WO 2009/148782Attorney Docket PCT/US2009/043841i 100121Embodiments of the present invention
include a mass spectrometer having a multipole ion guide device having an electronic controller and a
plurality of main electrodes operably connected to the electronic controller and an RF power source for
applying RF Véh3§8d487#e multipole ion guide device unddtospeyaiesies Rhd EReFEHRStohtroller. The
mass spectrometer also has at least one auxiliary electrode cormected to a DC voltage source via the

controller[daygh an BmpliannelastindrCanba finnesadPeEER Alhisasthvardiatenhones of the main

electrodes. The at least one auxiliary electrode may have electrical elements including at |eéast one

array of fi@gﬁmalﬁsréqeﬁ%ame%@vﬁ@Iﬁmﬁgeéﬂ%a%&cmsﬁapa&@&Bﬁﬁ(&%&l%&ﬁ:ﬁ%&ﬁtmdes of the

at least one array. The auxiliary electrode may also include a substrate supporti Inger

etectrodeg @b sistefs Hinualals BeHLE MAN AR AIRIPUED G YAHRYE Lo g glectrical
elements such that the finger electrodes present a monotonically progressn?e vgﬁage gradient on
respectivg inger.el f the array al length of,the auxiliary electrode. [0 Embodiments
of the preggﬁ%ﬁﬁﬁgm%% 5 ﬁﬁ&%@ﬁ%‘g’a@g Isorﬁa%ﬁlodrﬁéee‘?glerﬁll?axfetro%%]i%‘é)é{c:ﬂ above, except
that electléi%% eolglrgenﬁ_ljgtqlud haetIIIelglssSt ane d(iigga% to ?énaé%% cor?verter DAC).conngected to respective
finger eleGtrodes of the a FIAGSFERER SHBSTHEREAGNS TP AHGRIGH 8 dRe resistors.

Bast One array o
Also, the DC voltage source may apply one, or more DC voltage to the finger electrodes by the at least
one DAC%?@S&%@tgélggl\tggeg?gafgﬁf"%thf’ec @%5ﬁ%éﬁ@%ﬁ@ﬂ%§ﬁ?@8ﬁ%st one array
along a If‘hngt, of the at least one auxiliary electrode for maving ions axially through the multipole ion

guide deViE&SPRARY SebEreRsideastswadtinsert cpesnl bo sao el zrriene Tha st lepeictrometer. In

this arrgnment, the at least one DAC may include a programmable logic control that can be

dynamicafyeasiiasy slestede mayheresisnitre belangats dncledimpatirastope waretent invention

finger electrodes and a plurality of resistors interconnecting respective finger
electrodes of the at least one array. The auxiliary electrode may also include a
substrate supporting the finger electrodes and the resistors. The voltlage source may
apply a static DC voltage to the electrical elements such that the finger electrodes
present a monotonically progressive voltage gradient on respective finger electrodes

of the array along a length of the auxiliary electrode.

[0013]  Embodiments of the present invention may also include a mass
spectrometer similar to that described above, except that electrical elements include
at least one digital to analog converter (DAC) connected to respective finger
electrodes of the at least one array of finger electrodes instead of or in addition to the
resistors. Also, the DC voltage source may apply one or more DC voltage to the
finger electrodes by the at least one DAC for presenting a voltage gradient on the
respective finger electrodes of the at least one array along a length of the at least one

auxiliary electrode for moving ions axially through the multipole ion guide device of



may include a method of moving ions through a multipole ion guide device in a mass spectrometer.
The method may include disposing an auxiliary electrode comprising a thin plate between adjacent
main RF electrodes of the multipole ion guide device. The method may also include applying at least

one step-wis& thilitdRiE%ange of voltages in an axial direbtfornsy BordetP R S bisthder

electrodes disposed on the thin plate of the auxiliary electrode. The method may include applying

respectiveoliagesa dienseie:e FRGSLBISGHAHS BN HA T BRRGS HYe HesSiafRdd monotonically

moving ions through the multipole ion guide device in the axial direction by the range of voltages.

[00151In ?{J&, ;ﬁg@ggﬁr@gg&ogmgpgg@g@@@a@gcgfﬁgg@]{d&\@mion may include a method

similar to that'described above, with the exceptions of applying respective DC voltages to the finger
electrodes by one or more computer controlled voltage supply instead of, or in addition to, applying the

DC voltaggs iy the resisteker ERERPMREHSOREAN conRlBgeaUPRHBBFdacHIgRRAG (001611t is

to be understood that embodiments of the present invention may include the auxiliary electrodes that

may be anglipdaiihe MestRREGHRBRRLS ARKmeiads AesaiedAioaal A staRle form. the

embodiments$ of the present invention may thus inc lary electrode for creating an ion

ot S RASIeaHE S A INBRIS AN IHR 6 18R S RS0 SRR UG ol Sty

electrode may iriclude at least one s or supporti trica nts ot the auxiliary

electrode. st Qne strate may. he configure e posjtioned between at least two
CEQ\}(%%’{T]%?] ﬁ g"rg&%&e%@ [&ti ) aglylace QI%aInq{PE%CBfO%Ie F %Fel&ﬁgl 0%

adjacent one es of thé multipole 1on guide device. The'e 22Ments may
include an array of finger electrodes disposed n#w at ]%ast one substrate, and static resistors
interconn&ﬁﬁ%ycriggbceeél?\ilg %‘é{ﬁ%‘ifﬁ‘@ﬁﬁ%’&l’e"%’é B4BE W&?ﬁﬁﬁ‘ﬂp@?ﬁ&?ﬁ%ﬁ%dly progressive
voltage gradient in,an axial direction of the multipole ion guide device for moving ions axially though

the multipBISTSH BT daEEREY! ofet’s PRI P REIRER SRCHOaE #iflude at least one

DAC instead of or in addition to the resistors, as described above. The at least one DAC may be a
dynamicaﬁiﬁﬁﬁﬁ@%%@ﬁ@ WoheiHe Blatect brausliarselsmgpdtctie BethedmeY The array of

finger electrodes may be disposed on the thin plate. The electrical elements may have a low profile or
be integraiWtiflaRPIiRSieBacH I XOlRESE By ftgrs WnthmEnget slearerdengimeushm a monolithic unit
for positioning between the at least two adjacent electrodes of the multipole ion guide device. In one

case, the fRRPRIEYNE Aesipiprduadarppnesoncpeiitibositziensibranghtthearraltiobliniper géderodes may

include a printed conductive material.
device in the axial direction by the range of voltages.

[0015]  Instill another configuration, embodiments of the present invention may
include a method similar to that described above, with the exceptions of applying
respecﬁve DC voltages to the finger electrodes by one or more computer controlled
voltage supply instead of, or in addition to, applying the DC voltages by the

resistors. The computer controlled voltage supply may include a DAC.

{0016] It is to be understood that embodiments of the present invention may
include the auxiliary electrodes that may be applied to the mass spectrometers and
methods described above. In a simple form, the embodiments of the present
invention may thus include an auxiliary electrode for creating an ion moving axial
electric field in a multipole ion guide device of a mass spectrometer. The auxiliary

e



BRIEF DESCRIPTION OF THE DRAWINGS [0018]Fig. 1 shows a basic diagrammatic view of a mass
spectrometer having one or more ion guides and/or collision cells in accordance with embodiments of
the present invention. WO 2009/148782Attorney Docket PCT/US2009/0438417 100191Fig. 2 is a

diagrammatit*9et¥BEdER view of a multipole ion guide in AtEsRsardeckstt aH SIS EH Ao the
present invention. [0020]Fig. 3 shows an end view of the multipole ion guide of Figure 2. [0021]Fig. 4

Is a diagramaaligany e e R I LIeTRd6 SUMGIYFIRing electrical elements of the
auxiliary electrode. The at least one substrate may be configured to be positioned
between at least two adjacent ones of main electrodes of the multipole ion guide
device. The electrical elements may include an array of finger electrodes disposed on
the at least one substrate, and static resistors interconnecting respective ones of the
finger electrodes for setting up a monotonically progressive voltage gradient in an
axial direction of the multipole ion guide device for moving ions axially through the
multipole ion guide device. In another simple form, the auxiliary electrode may
include at least one DAC instead of or in addition to the resistors, as described

above. The at least one DAC may be a dynamically adjustable DAC.

[0017]  The at least one substrate may include a thin plate. The array of finger
electrodes may be disposed on the thin plate. The electrical elements may have a low
profile or be integral with the thin plate such that the substrate with the electrical
elements form a monolithic unit for positioning between the at least two adjacent
electrodes of the multipole ion guide device. In one case, the thin plate may include a
printed circuit board material and the array of finger electrodes may include a

printed conductive material.

BRIEF DESCRIPTION OF THE DRAWINGS

[0618]  Fig. 1 shows a basic diagrammatic view of a mass spectrometer having
one or more ion guides and/or collision cells in accordance with embodiments of the

present invention.



accordance with an alternative embodiment of the present invention. [0022]Fig. 5 shows a perspective
view of electrodes configured for a multipole ion guide in accordance with another example
configuration of the present invention. [0023]Fig. 6 shows an end view perspective of the curved ion

guide structuPEAHISHHEERIN Figure 5. [0024]Fig. 7 illustraté&tasisih Seskedi it PR EStHiiduration of
the present invention. DETAILED DESCRIPTION [0025]In the description of the invention herein, it is

understoogdlpgf & WRY! 2 is a diagrammatic perspective view of a multipole ion guide in

accordance with an embodiment of the present invention.
[0020]  Fig. 3 shows an end view of the multipole ion guide of Figure 2.

[0621]  Fig. 4 is a diagrammatic top view of an auxiliary electrode structure in

accordance with an alternative embodiment of the present invention.

[0022]  Fig. 5 shows a perspective view of electrodes configured for a multipole
ion guide in accordance with another example configuration of the present

invention.

[0623]  Fig. 6 shows an end view perspective of the curved ion guide structure

illustrated in Figure 5.

[0024]  Fig. 7 illustrates another novel multipole configuration of the present

invention.

DETAILED DESCRIPTION

{0025]  In the description of the invention herein, it is understood that a word
appearing in the singular encompasses its plural counterpart, and a word appearing
in the plural encompasses its singular counterpart, unless implicitly or explicitly
understood or stated otherwise. Furthermore, it is understood that for any given
component or embodiment described herein, any of the possible candidates or
alternatives listed for that component may generally be used individually or in
combination with one another, unless implicitly or explicitly understood or stated

-8-



appearing in the singular encompasses its plural counterpart, and a word appearing in the plural
encompasses its singular counterpart, unless implicitly or explicitly understood or stated otherwise.
Furthermore, it is understood that for any given component or embodiment described herein, any of
the possible ¥4h3I0%E878% alternatives listed for that compbtierianBpelert@fally yatddédfdividually or
in combination with one another, unless implicitly or explicitly understood or stated WO

2000148 TR ANRSK RS SIPRIPEAIAIAT, PUler P AR il gindersiood tha

any list of such candidates or alternatives is merely illustrativeé, not limiting, unless implicitly or explicitly

understoo&igg;ﬁt&&g{?&% lfﬁ ]c‘?x(? t%g IHQQE[ t el opri # reference numerals
may refer to corresponding p%?;[s tF%%rlE)gugﬁéut §1e sevgr’a?r?\ﬁ%s\v%%ﬁﬁe%ré%% sh cﬁ%implicity of
understanding. [0026JMareover, unless gtherwise indicated, numpers expressin antities of
norediont R e e B A e e S R A T e e
be understogd as beinrg m%jified b%/ the term "about." Accordi&gg, nless.indicated tq the contrary, the
numerical parametéresetdothan i feersﬁf)eﬁﬂjfﬁ%?p R H R FS B SSahYARSR S that may
vary depending upon the desired properties sought to be obtained by the subject matter presented
herein. At-aﬁ%cg@?y%%% ?5&64?3{%’ Sh SRESHIERSIRG the application of the doctrine of equivalents to
the scope of the claims, each numerical parameter should at least be construed in light of the number
of reported, significant digits and by applying. ordinary rounding techniques. Notwithstanding that the
numericalflpa?r%ias ;ﬁéﬁ?g&&ﬁ@ﬁ%ﬁ%ﬁ {ﬂré%ﬁ E)ez(i&d %’égg%éeﬁ ?ﬁ@%ﬁ%’]’%&%ﬁ%ﬁﬁg ented herein
are approximatigns, the numerical values set forth in the specific exampleg are reported as precisely
5 possibiE KR FRITEREA PATES TR TR BT ART LevEsH Eh SIS SRECLLRHY Fakliting
from the standard deviation found in their respective testing measurements. [00271Turning now to the

drawings, ERE afotRds WRdRSRe 6F Leing Sgstitiad e ibe Seine pRosn hrrerdBigl fly

designated by the reference numeral 12, which often can include an ion guide or collision cell g0, g2,
g4 in accorflifiedimthe contrary, the numerical parameters set forth in the specification and

attached claims are approximations that may vary depending upon the desired
properties sought to be obtained by the subject matter presented herein. At the very
least, and not as an attempt to limit the application of the doctrine of equivalents to the
scope of the claims, each numerical parameter should at least be construed in light of
the number of reported significant digits and by applying ordinary rounding
techniques. Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the subject matter presented herein are approximations, the numerical
values set forth in the épecific examples are reported as precisely as possible. Any
numerical values, however, inherently contain certain errors necessarily resulting from

the standard deviation found in their respective testing measurements.

[0827]  Turning now to the drawings, Fig. 1 shows a basic view of a mass
spectrometer of the present invention, generally designated by the reference numeral

12, which often can include an ion guide or collision cell g%, g2, g# in accordance with
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WO 2009/148782Attorney DocketPcrus2009/04384117 the exemplary embodiments as disclosed
herein. Such a mass spectrometer may also include an electronic controller 15, a power source 18 for
supplying an RF voltage to the multipole devices disclosed herein, in addition to a voltage source 21

configured to™eRRHY Bt 8%oltages to predetermined devicedtt@npayBoekeB A MIHLIE and other

electrode structures of the present invention. [0028]In other example arrangements, mass

Spectromeigy daRfiER-Man BESRIGIES AWM. NE-SAUERE ARG IELSeEH e kRPRyand

understood to those of ordinary skill in the art, of which, such sections can include, buf are not limited

to, electropRipuifizalen FReRIAL 480N JRRHIALIA0TA HOABE B&Iﬁi%ﬁ@c}gﬁ% 3%203”238?

ionization sections. In addition, mass specfrometer 12 may also inc number o

a

27, (g4) 3 iltars 3;.callis ( d/or. mass lyzer 3).39. (OM) 42,
wherein tr%lgn}géztggr@a?yzersgg%fiiggérﬁ%%%%?h%@%@éﬁ%cﬁ%giﬁg%g?ﬁg\ﬁirﬁ?é?%ﬁ cﬁ}g rupole mass
analyzers, two di iona) ion traps, three dimensional ion traps, electrostatic traps, and/or Fourier
ranetorm e e P RS 5 S aTe BB Bele 36, and
i'?r:ary skill in the art, can form an ion path 45 from the inlet

analyzers 39d4 , @S imow to those of ord
section 2448 &t 1ET'6h 0@&8&‘6?%5‘?%@ URTEEF S 05ERHM stages may be implemented to enclose

and maintain any of the devices along the ion path at a lower than atmospheric pressure. The

electronic @saspller ikbokhaperabiplecuplagddmthtsy atisu s sieticesdtel 1iofidh erpyBpSoseiagees, ion
source, ion guides, collision cells and detectors to control the devices and conditions at the various

locations tiighlghquhureasharecireneteridr 2aswel asid activerebd LN SIuTIsIRRIOSRAING
the particles being analyzed. WO 2009/148782Attorney Docket IfC_Pusz009./043$41'T [0030]As

described ghaue,ranwaeH) Yidassanseriaiomerliges ulientom thediadad tlectrospray

ionization, chemical ionization, thermal ionization, and matrix assisted laser desorbtion
ionization sections. In addition, mass spectrometer 12 may also include any number of ion
guides (q¥) 27, (g*) 30, mass filters (QQ1) 33, collision cells {q?) 36, and/ or mass analyzers (Q%)
39, (Qn) 42, wherein the mass analyzers 39, 42, may be of any type, including, but not
limited to, quadrupole mass analyzers, two dimensional ion traps, three dimensional ion

traps, electrostatic traps, and/or Fourier Transform lon Cyclotron Resonance analyzers.

[0029] The ion guides 27, 30, collision cells 36, and analyzers 39, 42, as known to those
of ordinary skill in the art, can form an ion path 45 from the inlet section 24 to at least one
detector 48. Any number of vacuum stages may be implemented to enclose and maintain
any of the devices along the ion path at a lower than atmospheric pressure. The electronic
controller 15 is operably coupled to the various devices including the pumps, sensors, ion
source, ion guides, collision cells and detectors to control the devices and conditions at the
various locations throughout the mass spectrometer 12, as well as to receive and send

signals representing the particles being analyzed.
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of slowing the ions down during ion transport when a gas is used to cool the ions and move them
toward a central axis. Various mechanisms have been utilized to urge the ions along the ion path 45,
as shown in Fig. 1, toward the detector 48 through each of the devices, as discussed above with
respect to Fid 24HW8V:, there is still a need for a mechAHexaeh Bedbesd AEEPIAHAERAIT the
electrical fields of predetermined rod electrodes, (e.g., quadrupole electrodes) and cost effectiveness
and adapigpiy 1o AR ALIPABYLS AR Solipiaricel ke niauBlann 00ALITE, 2 HadnaaR
example configuration to address such needs, wherein auxiliary electrodes 54, 55, 56, 57, configured
with one ar,mare.finger electrod are.desi t s bet n_adj irs pf main
rod eloc o B e B e BRI T The
relative pasitionjng_of the main rod electrodes.60, 61, 62, 63 and auxiliary electr %ies 54, 55,.56, 57 in
0.2 15 SO AR Bl 760 YA BT RNE VB haRS Beat dh oo 2R 16y
positions that generally define planes that intersect on a central axis 51, as shown Ry the directional
Prrow as IR CEB A AFar R Sra r 1 (LR CRE S eeh b B TORER etk ciacent RF
rod electrodes at about equal distances from the main RF electrodes_of the m_ugipole iop guide device
where the fYHiHbA8IGRERIE LA QTR THRTRAY SRS i1 d s ERY AN, hPEsinAplea PRGY fié configured
arrays of finger electrodes 71 can lie generally in these planes of zero potential or close to zero
potential S8%aBiEhIRA: SosET-EreEcRmith Heleopinal fidlds of ireseissmingAdehd view
perspective of the configuration of Fig. WO 2009/148782Attorney DocketPcms2009/0438417 2,
illustratincekrstvaresrdeig mwdangie dectoedes) andoced sffartiveperanneleckrpttylsy, 9% wBiald 57,
may be positioned relative to the main rod electrodes 60, 61, 62, 63. [0032]Turning back to Fig. 2, as
known to tHdse gtistelimadycolisionthelrordignustiorBE voltages may be applied to each pair of
oppositely disposed main RF electrodes by the electronic controller to contain the ions radially in a
desired manner. The array of finger electrodes 71, which are configured on the each of the auxiliary
electroded0§31b5, 56igs 2 shwsfeenetasnpheeoniigepiiosein addisaoud axeds whenaio prihiaRart of
the radially inner edges 65, 66, 67, 68 of such structures. Thus, a voltage applied to the array of finger
electrode$irttrodasdilabbafin SElasm giatedvite dne AorsinhEngarqlntt odestl opusollsigned 36
depicted in Fig. 1. As another example arrangement, each electrode of the array of finger electrodes
71 may béedismeriad betarrau pijentiinereté chade ¥d dpdrpded @bl $3sittiny elenvéthd4 (e.g.,
a resistor) and in some instances, a predetermined capacitor 77. The desired resistors 74 set up
respective o gagded 271805 atchglendimoictib3awdiigy Bla&tirodkdisd pfoibsithtibg. of hherastitiant]
voltages on the array of finger electrodes 71 thus form a range of voltages, often a range of step-wise
monotonic:iegkiages. 60N ely ellpgearaieaieikaypltbae-ghdibat 36, 56 BXial BipeQtiesdhadwihges ions along
the ion path 45, as shown in Fig. 1. In the example embodiment shown in Fig. 2, the voltages applied

to the auxiiginoe eleGtigsiesaltancampis RIS ¥l he esmdis JhedasisiosT He e PUsRistalic
resistive elements. The capacitors 77 reduce an RF voltage coupling effect in which the RF voltages

applied toghg el 'adiale piadRsIt iflkr bt &3 by Bigall auR IR:akd Neas R giiaR ad
electrodes 54, 55, 56, 57 during operation of the RE rod electrodes 60, 61, 62, 63.

arrow as referenced by the Roman Numeral III. These planes can be positioned between
adjacent RF rod electrodes at about equal distances from the main RF electrodes of the
multipole jon guide device where the quadrupolar fields are substantially zero or close to
zero, for example. Thus, the configured arrays of finger electrodes 71 can lie generally in
these planes of zero potential or close to zero potential so as to minimize interference with

the quadrupolar fields. Fig. 3 shows and end view perspective of the configuration of Fig.
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WO 2009/148782Attorney Docket PCT/US2009/043841T [0033]In an alternative embodiment, as
shown in Fig. 4, one or more of the auxiliary electrodes can be provided by an auxiliary electrode, as
shown generally designated by the reference numeral 80, which has dynamic voltages applied to one

or more of th¥ i)/ &¥if4er electrodes 71. In this exampéHIFRRH DAt R E CEBIER45 Tas shown

in Fl g.1, may include or have added thereto computer controlled voltage supplies 83, 84, 85, which

may take thelfesiahPisial {ReAnalanne & UARISE AT BetedadndaIsipedithalinarsamsy be

as many of these computer controlled voltage supplies 83, 84, 85 as there are finger electrodes 71 in

an array, aROHAALEAGH FUIBHLRA AR AIRE MO LRER: SHRRI S0P 8 6APDE6!RY '§22ps control a voltage

of a respective finger electrode 71 for the array. As an alternate arrangement, each of the finger
electrodes 71 at a particular axial position for all of the arrays in a multipole device may be connected

to the saneogeMPUtBLGEREBIRY YoiREsHPRNOADaMBINBISAMIRYE/EeS aRBRled IR axaraple
embodiment shown in Fig. 4, each computer controlled voltage supply 83, 84, 85, can be connected to

predetermmgmﬁaffs&ggﬁﬁéiﬂo%@{egaﬁa& éﬁ!gB@&l' erjsas AR RiRL AL Bieglodes,

each computer controlled voltage supply 83, 84 may be applied to a like plurality of €ach array of

finger elecligdesn{ceAADHLAS SOAMMITE G ARshAY 9{?%%5%%(3 BOhE: NF.0\Fligpe.plectrode

80, may as one arrangement, have designed voltages applied by a combination ynamic‘computer

controlled ygliags %pmmgrw&%@g%eg@sﬁ?&fe&@a%fﬁoe;ﬂ siat Ifesg%ﬁéq‘gég,f%é"sfg &,

overall monotonically progressive ran oltages along a length o e(ics "The static
o respecloD o RS Bt (A TRkt scagraly ner
E rcé;{iiJnssga%%é%?%%gﬁlgsp?%E%gés%?g%rftgﬁe roﬁ%%fié%%%?ﬁ%@&%%%& gf‘f? e t? éze 85 are
Coltages 18 BRcEN e LR LA HoBt DS A5 6T Ak ek AP BABAe b MR A Ui otions
to be analyzed. As also shown in Fig. 4, capacitors 77 may be connected between adjacent finger

electrode< s 3% kel 4p figcilede aRathsrsransRigr T seamenty saca sleshodm o ihewmiast ohe

finger electrodes 71, a sin%le lead having coupled resistors and capacitors on each side can be also
be utilizedagge slecrnslandicannduisrrorassenrndjarait bngar elegasndyfanction similarly to

the example configuration of Fig. 4. [00351Fig. 4 also shows in detail, the configuration of a radially
inner edg@%igﬁgﬂg‘ned resistive element 74 (e.g., a resistor) and in some instances, a predetermined

capacitor 77. The desired resistors 74 set up respective voltage dividers along lengths of the
auxiliary electrodes 54, 55, 56, 57. The resultant voltages on the array of finger electrodes 71
thus form a range of voltages, often a range of step-wise monotonic voltages. The voltages
create a voltage gradient in the axial direction that urges ions along the ion path 45, as
shown in Fig. 1. In the example embodiment shown in Fig. 2, the voltages applied to the
auxiliary rod elecirodes often comprise static voltages, and the resistors often comprise
static resistive elements. The capacitors 77 reduce an RF voltage coupling effect in which
the RF voltages applied to the main RF rod electrodes 60, 61, 62, 63 typically couple to and
heat the auxiliary rod electrodes 54, 55, 56, 57 during operation of the RF rod electrodes 60,

61, 62, 63.
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similar to the radially inner edges 65, 66, 67, 68, described above for Fig. 2 and Fig. 3. The radially
inner edge 88 includes a central portion 91 that may be metalized or otherwise provided with a
conductive material, tapered portions 92 that straddle the central portion 91, and a recessed gap

portion 93. TR EBrtions 91 may be metalized in aff&HiRey BasksRdAS A% EN on both

the front and the back of the auxiliary electrode 80 for each of the finger electrodes 71 of the array of

finger eleqypaes. Asam NpSHRGYRHRITGHES ArdiRRCiecHRde 80\ Ihe SRRYBE PR tigRiAlpresents

the DC electrical potential in close proximity to the ion path. Gaps 96 including recessed gap portions

93 are ne@geqaﬁwmsmﬁémﬁ%ﬁﬂ QIRCHRdRS A5ibar &%ﬁ@g@&%ﬁg@ﬁ g parrier

between respective finger electrodes However, tHese gaps offer a resting place for articles

h that | ' fagrsdngt lv affect t dient
that 1o gt RATHEES SN IREH AR UG AE S RAI.ARRP AN SIRGY 15 g R den

2009/148182Attgrn ocket |IPCTitis20091043841T Thus, the nonsmetalized edge sutfaces of the
(apered pLR ey b e b Aoyt s SRR B R ety
innermost extent such that.the e surfaces of the tapered pgortions 92 andﬁ%} ecessed gap portions
03 are ol KL B BYE ARG OB e AT e RSB B kA B eI Pl
receiving and supporting metalljzatign may be a substrate 99, as shown in Fig. 4, of any printed circuit
board (Pé%%?ﬁ??&ﬁ?%%ﬁ'%&%%@ﬁ@ﬁ%?&ma f%‘ﬁ eheHmearbent 1t Bettherwise
shaped to any desired confi%l_ljration S0 as to be integrated into the Workinag embodiments of the

present inPEXtRASARABYGH TigEe somapBlitRerdipikrhroltags tenbsetidy Raramermorsgiaasight
edges, it is to be understood that the substrates and the arrays of finger electrodes thereon may be
shaped wRliS@des BagednHansy Asvhided earhaeaapsissseaieelind valtagrsyerliaaidalized in this
way are relatively easy to manufacture. Thus, auxiliary electrodes in accordance with embodiments of
the presefOTHRRSHbIP ARG BB figurliago op RitespeHivringendeetad eididaothe Resapdds & curved
multipoles. [0037]Fig. 5 is a diagrammatic perspective view of a curved multipole device, generally
designatealtieyriste sefergeoeentiaachliof6he fingenaltipoteliVlletie padoR-alayaxé hpdsitiguithe all
collision cell, and may be incorporated in the mass spectrometer 12, as shown in Fig. 1, in place of
any of ioncftides2¥s30 anudiisiole delid6 radsobas shovetei tbithd sathe coniimée cavicdidd? has
main RF electrodes 105, 106, 107, and 108 that are connected to the controller 15, as shown in Fig. 1,
for applicatidtagd sheRi melidges Hanamovdiagewisslibd, alsthasahapie infbgdinastdhserhad with

regard to the embodiment of Fig. 2 as discussed above. The main RF electrodes may be formed of
rectangul@#igressashebansh foatemdtdlied voltage supply 83, 84, 85, can be connected to
predetermined finger electrodes 71 of the array. When implemented on plural auxiliary

electrodes, each computer controlled voltage supply 83, 84, 85, may be applied to a like

plurality of each array of finger electrodes 71.

[0034]  Asshown in Fig. 4, and as briefly discussed above, the auxiliary electrode 80,
may as one arrangement, have designed voltages applied by a combination of dynamic
computer controlled voltage supplies and voltage dividers in the form of static resistors 74
s0 as to form an overall monotonically progressive range of voltages along a length of a
multipole device. The static resistors 74 between the finger electrodes 71 within a group of

finger electrodes 71 that are connected to a respective computer controlled voltage supplies
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WO 2009/148782Attorney Docket PCT/1182009/043841;T reduced cost and ease of manufacture.
The main RF electrodes may also be curved about one or more axes to provide a desired ion path
and/or mass spectrometer configuration. In order to utilize auxiliary electrodes 111, 112, 113, 114, the
substrates 1760 74%/148%2 119 are shaped to match the ceM4imey Dapker BGT RGNS 1n a
method of operatlon the auxiliary electrodes 111, 112, 113, 114 are inserted between the main

electrodeg3| 83, §4)6nal FrdRS BRSVRSE ¥4/ aieigeplied R iaRvwdlistwrleciadss dll, 112, 113,

114 as has been described Wlth regard the embodiments of Figs. 2-4. [0038]In the end view

t des 111
and 112 'Yﬁ&wﬂﬂ?’%‘ﬁ%ﬂﬁ%@%ﬂ%ﬁo%%%%??a%%é?‘?x%fﬁ%ﬁ@ S e

and 112 are oriented to su o meet together inside the

main RF %Lﬁ%ﬁ?% lﬁe@ég#grﬁaﬁgzm ?@%Bﬁ?adwgﬁgr% rth uxmar eﬁtrodgu:lh_] 11 are

aligned wit ese gene anar orientations palr i auxi ectrodes 111,

112,and 113, 1 V|de 0 facturi Neve heles th radi |nnerm t edges
122, 123, rﬁge ]fgga'lir% reseﬁtea %eltﬁeée(a(:{r}an a%eanfgones nﬁ'ﬁe rﬁa‘?ﬁﬁé& ﬁea g’ l'ﬂ')ganqu Tf)?

108, as show s describ ard to t bodiments s..2-4 above.
100501 S8 BRE TR R M R, A5 AR ABD o FRIRTE B BaT e S e, e.0.,
substrate 117, may he a mjrror image of th talllzatlon on an upper surface of another

m

predeternl?ﬁ%ﬁegﬂ AR Een RsHARsies %l frisitor B8 3REETIB n‘fgﬂ@‘d‘é% chpaghdbste atesistors
122 and capacitors 126 may interconnect adjacent finger electrodes 128 to provide a voltage divider
along a lRHeGAHATMipBIRAdBWE Ao gt RSHoERs L DA GG IsatbAriEcaupled arTsiBEctive

finger electrode 128 in an arraﬁ/
and capacitors on each side can be also be utilized to depict the interconnection of adjacent

finger electrodes so as to still function similarly to the example configuration of Fig, 4.

[0035]  Fig. 4 also shows in detail, the configuration of a radially inner edge 88 that is
similar to the radially inner edges 65, 66, 67, 68, described above for Fig. 2 and Fig. 3. The
radially inner edge 88 includes a central portion 91 that may be metalized or otherwise
provided with a conductive material, tapered portions 92 that straddle the central portion
91, and a recessed gap portion 93. The central portions 91 may be metalized in a manner
that connects metallization on both the front and the back of the auxiliary electrode 80 for
each of fhe finger electrodes 71 of the array of finger electrodes. As an innermost extent of
the auxiliary electrode 80, the central portion 91 presents the DC electrical potential in close
proximity to the ion path. Gaps 96 including recessed gap portions 93 are needed between
metallization of the finger electrodes 71 in order to provide an electrical barrier between
respective finger electrodes. However, these gaps offer a resting place for charged particles
such that charged particles may reside on the surfaces in the gaps and adversely affect the

gradient that is intended to be created by the voltages applied to the finger electrodes 71.
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WO 2009/148782Attorney Docket KT ius290.9,/040ali Alternatively, a DAC may be connected to a
group of finger electrodes 128, which are in turn connected to each other by resistors 126 as shown
and described with regard to the embodiment of Fig. 4. That is, DACs and/or resistors may be

connected totRYUS rgs} electrodes to apply and control%@r&%mc%ﬁgﬁér%(méﬂﬁ?ﬁﬂ' ry

electrodes in any combination without departing from the spirit and scope of the invention. [0040]As

with the ofies S¥ampleaethngiaedis: theracea\ptringpeptacyodrmnd 83 imdishosadapdpppsite sides
of the circuit board material that forms each of the substrates 116, 117, 118, 119. Similar to the other

example gaibRdingnisdgseriRes-aRavR headrneliiinarisigciredem b28-naysalide 4 pinted or
otherwise applied conductive material on an edge of the printed circuit board material that joins the

conductiV@dg@éaﬂ%kgmnﬁe%gse%@fﬁ&fﬁ&%@mtd%@%&eg@&gaagw}ﬁmm?@ﬁmsof finger

electrodes presents the conductive material on a majority of a radially innermost edge surface of the
auxiliary glectrode. A%%%@lﬁﬂg?ﬁ%&%&%%%@ﬁg@@% 5, there are recesses 92 in the edges of the
circuit board material between respective finger electrodes 128 of the finger electrode array. Thus,
available sites for ion deposit on an insulative material surface of the circuit board material are

recessed;fiagiglly 05@‘&‘&1&@tﬁ%ﬁéﬁ(@&bﬁ)m@@mﬂ&%ﬁp@%ﬂl?}é@@I?ﬁﬁé@m?&m%dimems1 the
es 1or

printed circuit board material utilized in forming the auxiliary electr odiment of Figs. 5

and 6 may,BipMeiesd, SR RyAAH oG ahshalkaledor e, sapdyees maleral lerelaliggtion of
the finger electrodes 128. The auxiliary electrodes, e.g., 111, 112, may include curved thin plates
formi : sjtiqpi t rye jacent main electrodes of a.multipole
e AP LA R OSSR BGE AR SR L

2009114%{2&%@&%@061){ s%oe{:s & EI)E 1Cn-[é]g%§t%a%01%[i:%%:%%%grking embodiments of the present

invention. Although Figs. 2-4 show the substrates being substantially flat and having
straight edges, it is to be understood that the substrates and the arrays of finger electrodes
thereon may be shaped with curved edges and/or rounded surfaces. Substrates that are
shaped and metalized in this way are relatively easy to manufacture. Thus, auxiliary
electrodes in accordance with embodiments of the present invention may be configured for

placement between curved main rod electrodes of curved multipoles.

[0037]  Fig. 5 is a diagrammatic perspective view of a curved multipole device, generally
désiglated by the reference numeral 102, The multipole ion device 102 may be an ion guide
or collision cell, and may be incorporated in the mass spectrometer 12, as shown in Fig. 1,
in place of any of ion guides 27, 30 or collision cell 36, also as shown in Fig. 1. The
multipole device 102 has main RF electrodes 105, 106, 107, and 108 that are connected to the
controller 15, as shown in Fig, 1, for application of the RF voltages from a power source 18,
also as shown in Fig. 1, as described with regard to the embodiment of Fig. 2 as discussed

above. The main RF electrodes may be formed of rectangular cross sectional material for
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thin plates. In this and the other embodiments, the substrates may take the form of thin plates. The
array of finger electrodes may be disposed on the thin plates. The electrical elements, including arty
resistors and capacitors, may be provided with low profiles or may be int%%gsal with the thin plates such

that the substYR2%HATR electrical elements forms a morSitRREL MPsEE T‘r‘lgﬁﬁ@/ﬁﬁ%%fn the at

least two adjacent main electrodes of multipole devices. [0042]Fig. 7 is an exploded diagranunatic
perspectivedigudaiostaniiipgle dbivisaukadtina T dasiecrPithea it ey Aty RETbeeiRant sidhe

present invention. The multipole device 131 may have main RF electrodes 134, 135, 136, 137 similar

to the embadigiantr@hkigso ndvilienatiedd 158 PadinIRL) eleplresssLoIthbRYG FRERNGIHAR 0SS

sections as in the embodiment of Figs. 5 and 6. With respect to the configuration of Fig. 7, however,

the auxiliggyeleciroggseldlildd, difdrddd:can ba J0ILd A6 MANGRha AR fETIG0RIGH e, paterial

such as, but not limited to, Silicon Dioxide. More importantly, the auxiliary electrodes 140, 141, 142,

143 can BhggRHQUTRA A, IRV e A ERIBARE DA S AR Al BRGNS & Sisaling e DC

field when an electrical potential is applied. Thus, the auxiliary electrodes may furiction similarly to

ot o, SLERBAPaXeLER 13 #R 08 P AN AerTel e she Ralie e b die i dnB S o'

that form a'v r, the vanes may have a constant resistance along their’lendths,

which cre inear axial DC field when .DC vqltages are applied to ayxiliary.elecirodes.
Alternativgk?,?tﬁ%gvagge]?én‘é? ENCEAC )}?rlfée CF(‘)’;%“ %gedc |§ﬁra£ %%&%ngﬁo#ﬁggﬁa&gﬂ%ni%‘}ﬁ& B length of
the auxiligry electrodes. 140, 141, 142 143 varjes. As angther example arrangement, the material WO
2009/148%%%%??1% Gorrkrisear s 5uahe EIﬁSSF Ydnes forming the auxiliary electrode can

be doped to apply the desired variation in resistance so as to create the varied axial DC field. [0043]In
all of the iments, the guxiliary electrodes lied to,less.than an entite lepgth of a
muItipoIeTj@\%gcg. rh%th ?ﬁgn‘g 8“6%3%%?@5%8@%@??’5%%%ﬁ\‘i‘o‘i‘t‘afa‘és%"a (5’r1;a ‘“é‘fé"ng Ogrgﬁé%auxiliary
electrodes.has been discusseq, it is.to be understo at other non-monqtonically progressive
changes ?r%r%ﬁg SR B‘é"i@?ﬁ}’e%l?ﬁ‘af"é%m|8??83&@%&58&%&%9‘%’8@6&%@%? Ypstream
end of the multipole device such thaj less collision gas is needed in a, caqllision cell. Then, accelerating
voltages A ApABEAAH If BgraRiInssle hemetoieelstedsnd tolhigtffough
and out of the device, Additionally, DACs or other computer controlled voltage supplies may be utilized
to dynamit3y URRATbiabid apgifeuit wexiaiMrdradesdds ibdiate disiad wasashodetic DC

voltage sqlpplies. 1004411t is to be understood that a mass spectrometer can function with only one
hese generally co-planar orientations of pairs of the auxiliary electrodes 111, 112, and 113,

114 provide greater ease of manufacturing. Nevertheless, the radially innermost edges 122,
123,124,125 are presented between adjacent ones of the main RF electrodes 105, 106, 107,
108, as shown in Fig. 6, and as described with regard to the embodiments of Figs. 2-4

above.

{60391  Asmay be appreciated from Fig. 5, metallization on an underside of a particular
substrate, e.g., substrate 117, may be a mirror image of the metallization on an upper
surface of ancther predetermined substrate, e.g., substrate 118. Similar to the embodiments
described above, resistors 122 and capacitors 126 may interconnect adjacent finger
electrodes 128 to provide a voltage divider along a length of the multipole device 102.

Alternatively a DAC may be connected to each respective finger electrode 128 in an array.
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auxiliary electrode inserted between any adjacent pair of main RE electrodes. However, a more evenly
distributed axial DC field is created by a plurality of auxiliary electrodes disposed between respective
pairs of adjacent main RF electrodes in the multipole device of any of the embodiments disclosed
herein. This ¥ SHEEIANYFE0 when the same or similar voltAdyreiBorlist SCHEERIIP 4T 6T the

auxiliary electrodes along respective lengths of the auxiliary electrodes. 20 CLAIMS: 1. A mass

spectrometer. having:a m Lﬁtﬁ@|&5?ﬁbg %@%@ﬁietb? g%ég%%l r?’t? Sﬁ‘e% éarl %ftrg%{gésoﬂgj I%Ch araiﬁlu rality

of main electrodes operably conn cte:j!to the electro an poweér source for

appiying R yolgesiny e multanls ion aude dadee under saereion af e clectionic conyller: |

5
at least one auxi ry electroae connec voﬁage source Via the con

ili lectrode di d between atleast two adjacent ones of the main electrodes, the at least
O s e e e e A e e

of finger electrodes and a pluraljty of resistors interconnecting respective finger electrodes of the at
| east%n e %fer ?o fyto appgz anc{ gontrol pC e?ectric voltages 1:% the %uxﬂlary e?ectrodes in any

combination without departing from the spirit and scope of the invention.

[0040]  As with the other example err;bodiments, the array of finger electrodes 128 is
disposed on opposite sides of the circuit board material that forms each of the substrates
116, 117, 118, 119. Similar to the other example embodiments described above, the arra‘y .of
finger electrodes 128 may include a printed or otherwise applied conductive material on an
edge of the printed circuit board material that joins the conductive material on opposite
sides of the circuit board material. In this way, the array of finger electrodes presents the
conductive material on a majority of a radially innermost edge surface of the auxiliary
electrode. Also similar to the other embodiments, there are recesses 92 in the edges of the
circuit board material between respective finger electrodes 128 of the finger electrode array.
Thus, available sites for ion deposit on an insulative material surface of the circuit board

material are recessed radially outward away from the ion beam or path.

[0041]  As with the other embodiments, the printed circuit board material utilized in
forming the auxiliary electrodes for the embodiment of Figs. 5 and 6 may provide a
structural foundation or substrate for the conductive material of metallization of the finger
electrodes 128. The auxiliary electrodes, e.g., 111, 112, may include curved thin plates
forming curved substrates for positioning between two curved adjacent main electrodes of

a multipole device 102. The array of finger electrodes 128 may be disposed on the curved

-17-



a substrate supporting the finger electrodes and the resistors; wherein the voltage source applies
a static DC voltage to the electrical elements such that the finger electrodes present a monotonically
progressive voltage gradient on respective finger electrodes of the array along a length of the auxiliary

electrode. 2VFhEHA8&€hectrometer of claim 1, whereinAhE@etRasket BRI SHYFH Fesistors

limit the voltage applied to the one or more auxiliary electrode to a monotonic voltage gradient. 21 3.

The massrReARNGIEHEE slainkt S LOMRRKSING Y %@E&%Q%&éﬁ{é{k@?@?&?ﬁ Sreluding the at

least one auxiliary electrode, wherein the plurality of auxiliary electrodes are disposed between

respective paits A AdiAEOF R ALRSANES 1MADS MURRIE I HIYE SRMISE.: 4 Biassshectrometer
guide co t a 1

having a multipole ion e prising: an electronic controller; plurality of main electrodes
operably e I ' troller. ALRE v ltage.souyce for, lying RF valtages to
i elod e SPIe SRRy PR RS

be integral with the thin plates such that the substrate with the electrical elements forms a

monolithic unit for positioning between the at least two adjacent main electrodes of

multipole devices.

[0042]  Fig. 7 is an exploded diagrammatic perspective view of a multipole device 131 in
accordance with an alternative embodiment of the present invention. The multipole device
131 may have main RF electrodes 134, 135, 136, 137 similar to the embodiments of Figs. 2-3.
Alternatively, the main rod electrodes could have rectangular cross sections as in the
embodiment of Figs. 5 and 6. With respect to the configuration of Fig. 7, however, the
auxiliary electrodes 140, 141, 142, 143 can be formed as vanes of a thin semiconductive
material such as, but not limited to, Silicon Dioxide. More importantly, the auxiliary
electrode_s 140, 141, 142, 143 can be configured to have a resistance in a direction along their
lengths for creating an axial DC field when an electrical potential is applied. Thus, the
auxiliary electrodes may function similarly to those described above even though they do
not have discrete finger electrodes or electrical elements that form a voltage divider.
Rather, the vanes may have a constant resistance along their lengths, which creates a linear
axial DC field when DC voltages are applied to auxiliary electrodes. Alternatively, the
vanes may have a varying cross section so that the voltage gradient along a length of the

auxiliary electrodes 140, 141, 142, 143 varies. As another example arrangement, the material
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27 at least one auxiliary electrode connected to a DC voltage source via the controller, the at
least one auxiliary electrode disposed between at least two adjacent ones of the main electrodes of
multipole ion guide device, the at least one auxiliary electrode com rISIg?IBﬁ electrical elements

including at I%?%ﬁ@"zﬁ?@&y of generally flat finger electroddéerney dttaket BRE gy t638Hdiog

converter (DAC) connected to respective finger electrodes of the at Ieast one array of finger

electrodesf gpcahleask-anasuhsialasyprutingdbedinsensisa tyI ly the'RRIRIA heifoyplage

source applies one or more DC voltage to the finger electrodes by the af least one DAC for presenting

a voltage gragient:op thesespacliyh iRgruelecresegfjthe at least one array along a length of the at

least one auxiliary electrode for moving ions axially through the multipole ion guide device of the mass
spectrometer. 5. The mass spectrometer of claim 4, wherein the at least one DAC includes a

programrygate logiercantpinnemBadimexRamicalixifdiysietr8dddamMass spastiomates b Alaim 4,

wherein the electrical elements further comprise resistors interconnecting respective ones of the finger

electrodeg fgreAAgRPINGALY IOV BSSie, Yoliags arBfinahReleseJESReRINE LRES Mg finger

electrodes.
along a length of the auxiliary electrodes has been discussed, it is to be understood that

other non-monotonically progressive changes in voltages may be applied. For example,
slowing voltages may be applied in an upstream end of the multipole device such that less
collision gas is needed in a collision cell. Then, accelerating voltages may be applied in a
downstream end of the multipole device to keep the ions moving through and out of the
device. Additionally, DACs or other computer controlled voltage supplies may be utilized
to dynamically vary voitages applied to the auxiliary electrodes in place of or in addition to

static DC voltage supplies.

[0044] 1t is to be understood that a mass spectrometer can function with only one
auxiliary electrode inserted between any adjacent pair of main RF electrodes. However, a
more evenly distributed axial DC field is created by a plurality of auxiliary electrodes
disposed between respective pairs of adjacent main RF electrodes in the multipole device of
any of the embodiments disclosed herein. This is especially so when the same or similar
voltage gradient is created in each of the auxiliary electrodes along respective lengths of the

auxiliary electrodes.
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23 7. The mass spectrometer of claim 4, further comprising a plurality of auxiliary electrodes including
the at least one auxiliary electrode, wherein the plurality of auxiliary electrodes are connected to the
DC voltage source and are disposed between respective pairs of adjacent main electrodes of the
multipole ion guide device. 8. The mass spectrometer of claims 1 or 4, wherein the array of finger
electrodes of each auxiliary electrode lies generally in a plane for positioning the array of finger
electrodes between the at least two adjacent mair28lectrodes of the multipole ion guide device. 9. The
mass sp&%ﬂﬁg_er of claims 1 or 4, wherein: the at least one auxiliary electrode comprises one or
more curved thin plates forming one or more curved substrates including the at least one substrate;

the one or more curved substrates is positioned between curyed ones of the at least two adjacent
main elei Jess SRETHE RS B Filite? B?é%ﬂBBl(?s‘ﬁ’élcﬁgb%%gﬁvdﬁetﬁgmélgw&ore curved thin plates.

an electronic controller;

a plurality of main electrodes operably connected to the electronic controller
and an RF power source for applying RF voltages in the multipole ion guide device
under operation of the electronic controller;

at least one auxiliary electrode connected to a DC voltage séurce via the
controller, the at least one auxiliary electrode disposed between at least two adjacent
ones of the main electrodes,

the at least one auxiliary electrode comprising:

electrical elements including at least one generally flat array of finger
electrodes and a plurality of resistors interconnecting respective finger electrodes of the
at least one array; and

a substrate supporting the finger electrodes and the resistors;

wherein the voltage source applies a static DC voltage to the electrical
elements such that the finger electrodes present a monotonically progressive voltage
gradient on respective finger electrodes of the array along a length of the auxiliary

electrode.

2. The mass spectrometer of claim 1, wherein the electronic coniroller and the resistors
limit the voltage applied to the one or more auxiliary electrode to a monotonic voltage

gradient.



10. A method of moving ions through a multipole ion guide device in a mass spectrometer, the method.
comprising: disposing an auxiliary electrode comprising a thin plate between adjacent main RF
electrodes of the multipole ion guide device; 24 applying at least one step-wise monotonic range
of voltages in an axial direction by at least one array of generally flat finger electrodes disposed on the
thin plate of the auxiliary electrode; applying respective voltages in steps to the finger electrodes
through respective resistors; and monotonicaly moving ions through the multipole ion guide
device in the axial direction by the monotonic range of voltages. 11. A method of moving ions through
a multipole ion guide device in a mass spectrometer, the method comprising: disposing an auxiliary

electrody o P Y eI SIYSER 2GR DRSS Bl Spalipgig pn guide device;
electrodes including the at least one auxiliary electrode, wherein the plurality of
auxiliary electrodes are disposed between respective pairs of adjacent main electrodes
in the multipole ion guide device.
4. A mass spectrometer having a multipole ion guide comprising;
an electronic controller;
a plurality of main electrodes operably connected to the electronic controller
and an RF voltage source for applying RF voltages to main electrodes in the multipole

ion guide device under operation of the controller;



applying at least one range of voltages in an axial direction by at least one array of generally flat finger
electrodes disposed on the thin plate of the auxiliary electrode; applying respective DC voltages to the
finger electrodes by one or more computer controlled voltage supply; and moving ions through the
multipole ion guide device in the axial direction by the range of voltages. 25 12. The mass
spectrometer of claim 4, wherein: the at least one substrate comprises a thin plate; the array of finger
electrodes are disposed on the thin plate; and 22

at least one auxiliary electrode connected to a DC voltage source via the
controller, the at least one auxiliary electrode disposed between at least two adjacent
ones of the main electrodes of multipole ion guide device,

the at least one auxiliary electrode comprising:

electrical elements including at least one array of generally flat finger
electrodes and at least one digital to analog converter (DAC) connected to respective
finger electrodes of the at least one array of finger electrodes; and

at least one substrate supporting the finger electrodes;

wherein the DC voltage source applies one or more DC voltage to the finger
electrodes by the at least one DAC for presenting a voltage gradient on the respective
finger electrodes of the at least one array along a length of the at least one auxiliary
electrode for moving ions axially through the multipole ion guide device of the mass

spectrometer.

5. The mass spectrometer of claim 4, wherein the at least one DAC includes a

programmable Jogic control and can be dynamically adjusted.

6. The mass spectrometer, of claim 4, wherein the electrical elements further comprise
resistors interconnecting respective ones of the finger electrodes for a monotonically

progressive voltage gradient between the respective ones of the finger electrodes.



the electrical elements have a low profile or are integral with the thin plate such that the substrate with
the electrical elements form a monolithic unit for positioning between the at least two adjacent
electrodes of the multipole ion guide device. 13. The mass spectrometer of claim 12, wherein: the
thin plate comprises a printed circuit board material and the array of finger electrodes comprises a
printed conductive material; the array of finger electrodes is disposed on opposite sides of the
circuit board material; and the array of finger €l&ctrodes includes the printed conductive material

on an ec&gef%fe the&1 Srintg%%;lclg% lbg?[:? j%ningut%ﬁ rrijntxend 1ggﬂ{jucti ergﬁ{[gegglla%r)l( .?i%posite sides of the
circuit bdard That&naran presenting fie printe tonduchve afehat Sh majorltly ofa radially
innermost edge, surface Qf auxiliary electrode. é]%c‘:rh mass spectrometer oi claim 13, further
comprishg TERASS TR RIS b B B B A A Rt iR e BATFLHE Qv finger
electrodes of the finger electrode array such that available sites for ion deposit on an insulative

material U GFERE Wittt B SariariRe el Bt caeliags satry sbthartiHRaP tbRTHESEN beam.

respective pairs of adjacent main electrodes of the multipole ion guide device.

8. The mass spectrometer of claims 1 or 4, wherein the array of finger electrodes of
each auxiliary electrode lies generally in a plane for positioning the array of finger
electrodes between the at least two adjacent main electrodes of the mulfipole ion guide

device.

9. The mass spectrometer of claims 1 or 4, wherein:

the at least one auxiliary electrode comprises one or more curved thin plates
forming one or more curve.d substrates including the at least one substrate;

the one or more curved substrates is positioned between curved ones of the at
least two adjacent main electrodes; and

the array of finger electrodes is disposed on the one or more curved thin

plates.

10. A method of moving ions through a multipole ion guide device in a mass
spectrometer, the method comprising:
disposing an auxiliary electrode comprising a thin plate between adjacent

main RF electrodes of the multipole ion guide device;
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applying at least one step-wise monotonic range of voltages in an axial
direction by at least one array of generally flat finger electrodes disposed on the thin
plate of the auxiliary electrode;

applying respective voltages in steps to the finger electrodes through
respective resistors; and

monotonically moving ions through the multipole ion guide device in the

axial direction by the monotonic range of voltages.

11. A method of moving ions through a multipole ion guide device in a mass
spectrometer, the method comprising:
disposing an auxiliary electrode comprising a thin plate between adjacent main
electrodes of the multipole ion guide device;
applving at least one range of voltages in an axial direction by at least one array of
generally flat finger electrodes disposed on the thin plate of the auxiliary
electrode:
applying respective DC voltages to the finger electrodes by one or more computer
controlled voltage supply; and
moving ions through the multipole ion guide device in the axial direction by the

range of voltages.
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12. The mass spectrometer of claim 4, wherein:

the at least one substrate comprises a thin plate;

the array of finger electrodes are disposed on the thin plate; and

the electrical elements have a low profile or are integral with the thin
plate such that the substrate with the electrical elements form a monolithic unit
for positioning between the at least two adjacent electrodes of the multipole ion

guide device.

13. The mass spectrometer of claim 12, wherein:

the thin plate comprises a printed circuit board material and the array
of finger electrodes comprises a printed conductive material;

the array of finger electrodes is disposed on opposite sides of the
circuit board material; and

the array of finger electrodes includes the printed conductive material
on an edge of the printed circuit board joining the printed conductive material on
opposite sides of the circuit board material and presenting the printed
conductive material on a majority of a radially innermost edge surface of the

auxiliary electrode.

14. The mass spectrometer of claim 13, further comprising recesses in the edge
of the printed circuit board material between respective finger electrodes of the
finger electrode array such that available sites for ion deposit on an insulative
material surface of the circuit board material are recessed radially outward away

from the ion beam.



