AUXI LI ARY DRAG FI ELD ELECTRODES BACKGROUND COF THE
| NVENTION Field of the Invention [0001] Mass
wep@otiusrset ers of ten enpl oy mul ti pAtterneyiDoekietiBGT/US2009/043841°T
including collision cells. lon guides include a
plurality of electrodes to which a variety of voltages

are applied tRUMANIARY PRACHIELPNELERTIRODES N Of
axially. The cally
wi t h apparatuses and nethods for noving ions axially
by auxiliary r i ' ' qui-des and
col Ii sion cel @Qégcg%@i&p%kﬁﬁﬁgl\ VENTIONT [ 0002]
In tandem mass spectroneters such as triple stage
. . .quadrupol e _mass spectroneters, and also in other nass
Field of ghe Invention, gas within the vol umes defined by the
RF rod sets in ion guides and collision cells inproves
the sensitivity and mass resol ution by a process known
[0001ps col M=k Spattrémetss oftenlemslog maltipode kasguiclek ihdudiig
bet ween the gas and the ions cause the velocities of

colls )Y e LESHE S G DR S APy o

ions al sg creates delays in ion_transm ssion_through
voltageseare gpphied 40 cantin ppmedons sadially apd4 apanially. e peesent
the focusing is desirable, the slowing of the ions is

inventibfQeReipReifically WitR apphrdtisi@dridileeh&ld 08 nfovih@68d axially
For exanple, when a rod set of an ion guide transmts

by auBEy KR P IR e Bl FRR B R e BR i e

Discussion of the Related Art

[0002] Intandem 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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may be relatively high (e.g. above 5 mlIlitorr for
collisional focusing) and collisionswith the gas can
W@ b@w/138182 i ons virtually to a st opAttohmeyeDoeclaetPCTTER09/643841°T
a del ay between ions entering the ion guide and the
ions reaching the mass filter just downstream This
with thel gap censleibe ignsovirmatlyita amtop Thesefase, there isor delgy between
for exanple, where several ion intensities are

ions eMéiA® Hedlion g URdaBe ibhs fda8Rfg Mk inhMsTiltd)astd Swnstream.
nonitored at a frequency which i's faster than the ion

. transit tine through the.ipn guide, then the fact that
This 487 ) et o AR IR PR Shifitetivd Yot SRopPikev e
negative inpact of also causing the ions to have a
severaldguéntemsiied age neehitrdd insequenoehlf thesemaultipls icanatee

detected. The sequence and rate at which the

monifre@at at u@ﬂ&ﬁ WHcR R8RS eRarR b i%ﬁ\‘c%é:ilstiﬁ\lestﬁrough the ion
affected. 1n this case the signal fromions entering

guidey ien B A8 FicerlnoRes of g Bovedud amtoniys bee o

function of the measurenent tine. [0004] Simlarly,
negatafe ienpaunt oflalsb daasingtthe éomenhdver asdjuencaandla riediuoed rate at
cell downstreamof a first mass filter, for exanple,

Whicltﬁfe R §a1?@¥ dRtiey St }&l\’%ﬁ’ugﬂ{e Qﬂ((% %ﬁg fa;t: g\%ﬂi%rlg irtllgé]ascs%kiated data is

ecause of their very vel oC

col]Jisjons. The ion clear out tine (typically several )
Proceﬁ%ﬁ;sart?* saxed 1§§$‘@o¢f e<§ ah thiggage the ﬁlgﬂ@l fromipas entering the ion
chromat ogram and ot her spurious readi ngs due to

guide mhp meeeersaeh haitwrbnstatl. Thas! the haedsaked Wieihtamiityt @aiy @ too
several parent/ fragment pairs in rapid succession. To

j [ fai | al. pause tinme is needed
low aﬁé?ﬁ mg%hgﬁg‘éggtﬁ‘fé‘ﬁé’ﬂ%e &#E%Ir?g{leln?ﬁlgﬁ’ egl SO requires a
simlar pause. This required pause tine between

measuyrenents_reduces the productivity of the
[0004] s Sigpilagly, after product ions }?ave been formgd 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 rﬁany 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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[0005] In order to nove ions axially through the
mul tipoles formng ion guides and collision cells, it
Wo go0kf1esm82 t hat the i ons can be novaetomeyIdsikenPEl/U82009/043841°T
of auxi liary rods and the application of voltages to
the segnents to create a voltage gradi ent along a
auxilipgnpds asfd tHesaapplicatipoloé yolth@E0®] thBaegorentsin create a voltage
information for such a nethod is described in U S.

gradi&} 20he a184th3HGhe ﬁ{ﬁlitirloﬁgz "Spectroneter Wth Axial
Field,” issued Decenber 8, 1998, to Thonpson et al.

including the following, "In a mass spectroneter,

ical |y a guadrupol e, one, of the rod sets is
0006k, 3 Eepkitcufh s RE8 e for e S UedBed 5 Beggt
field, thereon. The axial field can be created by
5,847 88 entitlgd; Tpectmenetor With il fielt}{eisswath Daterabgt 851998, to
with respect to each other, or segnmenting the rods, or

ThomP¥oR %Pé{f.,qh@l%diﬁé hsd fo\ff%lv)ing oS Qks Wﬂﬁ%{,ﬁfsygﬁ ?y

ods, or by providing a s&t of cond

spaced al qng each rod with a resistive caoat|, bet ween .
quadiiipole, oneot the r%@ 5¢t§ Fsrﬁ‘ﬁ‘&t"é‘&&fﬁ{ oereate a0 #pLlglh fgs a DC axial

resistive exterior coating and a conductive inner
tield, temeomdlhecaxiblficlt lvan beppeatpd ibyttaperhy chis rodd, 08@rjanging the
Background i nformati on on anot her segnented auxiliary

I. I . 1
o BBV PSRBT ARE o R e Pl v
.. Jolliffe, issued Novenber 19, 1996, incl uding the )
resistivglyl enfitery or segrpanted puKAliary S odsAatdBHPTOMiging Hegtindcopductive
axi al segenents 140-1 to 140-7, separated by

metalibagidk 8paccrl dléhg Bach Yol dges rédistived®alifg ButRatbe thdbands, or by
axi al field along the central |ongitudinal axis 142

formigé ﬁ&&'le rdd QT g%bel év%th {*e%gsg%te?(g%lf :Cg)éﬁg\gir?nf %gglﬁ)cigcnciv%r}nner

er auxtillrary el ec?r

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.

-3-



found in US. Patent 3,147,445 to Wierker et al., U.S.
Patent 6,713,757 to Tanner et al., U S. Patent
WG 28094089 to Londry et al and in AktofmeyAddckiet PAIUS2009/043841L'T

5,783,824, entitled "lon Trapping Apparatus,” issued

July 21, 1998, to Baba et al.[0009] The U.S. Patent
[0009]7, 0Thed0 3. Patantd V1067802 da dvedoam tesiches aahltemative why of

form ng an axi al voltage gradient for noving ions

ihbr [ j o4 :
formi A U R ISR 08 ISHH MEIRBLA g

the main el I po

resistﬁigd@fgﬁ Ft)é-ﬁlgn ar D(x;ga\rlyglotf t gg%ag@tgrq%gro s%g Ia\rlrgttllrgig{o_rl]é and applying
teaches a nethod of selectively axially ejecting ions

a DC toltageatd thepresistiee phit.r act expl ai ns that the nethod
includes " ...separating the ions into a first group
of ions and a second group of ions by providing an

[0010PS CITHAYS DYt 172184H9BGD Tlobolih &k d1. ‘Péefcmeg‘ atrlg&hg)a%fssgfecﬁ%ly
counteract the Stafic axial electric freld. ...™.

. . SUMMARYOF THE | NVENT] ON [ 0011] nce, the present

axially GIFEHRG G0 Om 4 UaPe die abstactiexBIAEihat fhomethof dncledes
urge ions axially in ion guides and collision cells.

“...sepiratiagithe domseieto tdirpr grougeoftibas andweetdrd grehs of iovdds
at low cost and in a manner that nmakes it feasible to

provi& drY o&ﬂﬂtir%%ﬁﬁf Q@ct@féﬁiélﬁ %ﬁ’hiﬁl tﬁ§ H)(g ggfstot c%u?\rt]é(raépﬁi%%tatic

In“rder to ch curved mai n electrodé sets.
., Placenent of a generally flat or low profile array of

aXMJ¢?ﬁ§@#“%¢ectrodes on a printed circuit board materi al
enabl es placenent of the auxiliary el ectrodes forned
with these arrays between main RF electrodes in a
mul ti pol e i on GUMMARYOOFITHE INVENTIONhe pl acenent
can be such that radially inward edges are close to
t he

[0011] Hence, the present invention is 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 easily
configure the 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.



central axis. Thus, axial voltage gradients created by

the voltages applied to the array of finger el ectrodes
w@amw9aig7ert i vel y nove the ions thriuemeyMocket PCT/US2009/043841'T

nultipole [0012] Enbodi ments of the present invention

include a mass spectronmeter having a nultipole ion
[0012]g ui @@mt&f@tﬁ Qflth@@ﬁefetl inventdon incladhe a shassspectdometer having
plurality of main electrodes operably connected to the

a mul@pelktibAedE davice |Ha9[nga&lﬁj e@@trgﬁlc%‘ﬂ%foﬂ%? Whel® plRfrality of main
applyrng RF voltages in the multipole ion guide device
er_opgration of troller__The nmass

electm&]eé'c‘zpes Jorie R e Kol APAAT REPoyer squrce

connected to a DC voltage source via the controller.
for apgljing KF weltdgesan yhetredtipoktdon guidedeavicp oneer bpereim aftthe
| east two adj acent ones of the main el ectrodes. The at

electrérﬁé%bn&ﬁﬁela %‘elrhﬁ'é’sy éﬁlcﬁ'ﬁh{&é’realéwﬁag‘%ag Gifd édﬁﬁéry electrode

el ement's incl udi ng | east one array of finge

connefiefigp aiartings sPBesigebi cpriler gk anguedingy dosizaste can

| east one array. The auxiliary electrode may al so
be disposddibewaeenidt d¢ashtwosudjpment ongs dfithe imaigaiedt®bdst THeat least
and the resistors. The voltage source may apply a

one arﬁﬁﬁéﬂ?@e&%c\/ﬁ %fga?'enaé% dORriEAIRGLhbAA m?llu%ﬁ?ggw 1e34hd Qr%y of

present a nobno

re sive vo}[[lﬁ adrent on respective frnger
fmger&li 4884 P glg 1é(r‘? dpsigtash intarqopmgeting respestive finger

auxiliary electrode. [0013] Enbodi nents of the present

electrodeserftheat leayt enesarrapcldandliaBsdeapedd AAFRISS irfludd ar
to that described above, except that elecfrical

IR RO oA T e e

eI ect rodes of the at |east one array of fi n?
apply gjs&atic Beewoltagettedhe electrical alemprits pech that thelinger eleciredes

Al so, the DC vol tage source nmay apply one or nore DC
present@ ta@6tdricdllyeprogressive 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



finger electrodes by the at | east one DAC for
presenting a voltage gradient on the respective finger
web@otisgyges of the at | east one arAaygridyddecket PENUSI009043841°T
the at | east one auxiliary electrode for noving ions
axially through the multipole ion guide device ofthe
the mms)egﬁ@metengn ¢his arrgniest, the gileasttonetPACGumalydasluderne
DAC nmay include a progranmmable |logic control that can
progriafhrAyBla b sidlcbitrddint cafl belBRbilicAlly aaRihey, exanpl e
arrangenent, enbodi nents of the priesent invention may
i ncl ude a nethod of noving ions through a nmultipole
j on .qui de device.in a mass spectraneter. The net hod .
10014] 20 TH P SHPBTRIS P SRk ST dnnie pf fepresent invention
conprising a thin plate between adj acent main RF
may iarludereomethast of meving tansdheougina guiltipoleivngid@idevice in a
nmet hod may al so i nclude applying at | east one

mass Sp&RrothSter "THOHRMSd hdfdfclelde\ RIS, ah"éuQﬂizﬁ'gie?éc ode
irection by at | east One array of frnger eletCtrodes

di sposed on the thin plate of . t uxiljary el ectrode..
compEi{EE L HBF LG PEHERE aﬂlaaﬁtbﬁ wmﬁf @Eﬁﬁg@ﬁ% of g m@tégolieﬁon

steps to the finger el ectrodes through respective
guiderdssiist dhe methddmmay aitsoi inaluldy applying atdeesst bhe stephwidee

mul tipole ion guide device in the axial direction by

. : A .
monogcg}ﬁf ?é{ﬁ?%ﬂ}’%ﬁb@% glﬁ r?éé]éti gﬂ%%h%)ﬂéﬁltdt 1badt'3Rk I}%aﬁ’t of finger

present 1 nventio
include a nmethod_sim|ar to_ that described above,
electrggids digRgs el the tia plate o8 she awglings elestrpde. e wethedmay
to the finger electrodes by one or nore conputer
includeayiplpingegbspedtivageolsagesliy stepstteakie fihgewslettioaeilrbagh
to, applying the DC voltages by the resistors. The

respef SRS O B oA PR R0 Bon i

. present _invention may
device in the axial direction by the range of voltages.

[0015]  In still another configuration, embodiments of the present invention 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 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
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include the auxiliary electrodes that may be applied
to the mass spectroneters and net hods descri bed above.

WO p0ov18878pl e form the enbodi ment sAetbridyeD pe¢l@e$ROL/US2009/043841°T
invention may thus include an auxiliary el ectrode for
creating an ion noving axial electric field in a

electrade magoinsludmatjeastongesubseratef foa suppertipeelecivivat elemehiteof the
auxi l i aryel ectrode may include at |east one substrate

auxilibff eRERBAE ! THWatHk&st drleG¥bs #hRITRAY DeQbnliBErét ¥ bé Bb¥itioned
el’'ectrode. The at |east one substrate y be

confi.qgured to,.be positioned between at .| eas}.two. .
betwez axchit Fpaltiarerbanes of Bom Setoars ohiberanns ion gide
gui de device. The electrical elenents may include an
devicerFlayeleétricahglemealtentayddelsddianposadobfingdreclattrddassdisposed on
one substrate, and static resistors interconnecting
the at'lESR Ok !sVBsRARS iaf?cfi st L58QR5 iﬁbfﬁ%%@&?ﬁ f«%&)e t?\%' bR of the
up a nonotonically progressive voltage d%a ent 1Tn an
. axial direction of the nultipgle ion guide device for,
fmgel‘née‘f’tﬁ $SJRE SebHng YR 2mneRRigRiceHE pragtespived aligge gindient in an
device. In another sinple form the auxiliary

axial directiorodetheayultipdledttn ghideadsticeofor nh¥angrisheadiallf thfough the
in addition to the resistors, as descri bed above. The

. l. . . ical ' C
mulifylc 61 Bhide Geiet MRhotfe SRS RISl oRUHE R BeRle oy
. | ate. The array of finger el ectrodes nmay be di sposed
mdu@ﬁwattlﬁésttqnerpﬁﬂalmteaqirfé az|in @ddition tatherresistoraemp desorbed

| ow profile or be integral with the thin plate such

abovd. Thk at leass ohe DAC enay bdaldjpagliedly AdjabtadleDit.s forma
nmonolithic unit for "positioning between the at | east

two adj acent el ectrodes of the nmultipole ion guide

evige, .| ! ' X i Rel ude a . .
007 15 R8RSR 2L 3T 5 0ot e
el ectrodes _may include a printed conductive materi al.
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

[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.



BRI EF DESCRI PTI ON OF THE DRAW NGS [0018] Fig. 1 shows
a basic diagrammtic view of a nass spectroneter
whaoongs78ne or nore ion gui des andAttorneydDoédket POT/T81009043841 T

i n accordance with enbodi nents of the present

invention.[0019] Fig. 2 is a diagranmatic perspective
[0019)i eFigs2 is ndiagrammaticprergpedioyeiviewef armahipoleiion gaide in

enbodi ment of the present invention. [0020] Fig. 3
accor@AeSwal A2NEAnBbENN &Lt JfftRe PrédehPRvRnkioR. gui de of Figure

2. [0021] Fig. 4 is a diagrammtic top view of an

auxiliary electrode structure in accordance with an

| ternaji,ve enbodi,ment qf,the present invention.

10020f 0338 45w E SRR A o B PRI S B B BB 5 s

configured for a nmultipole ion guide in accordance

W t h anot her exanpl e configuration of the present
[0021]} nv diigi bis.a iagrannrtiy. top vieiw v aarmudiliaryi edectpatdegeactivein

of the curved ion guide structure illustrated in
accor&Arterwith anl 1R2Ahtive 8mbbdirhbNSsf Ak zﬁe@iﬂ’ﬁﬁ‘%ntﬂﬁﬂ el

s

mul ti pol e configuration of the présent invention.
DETAI LED DESCRI PTI ON [ 0025] In the description of the

i nvent i herein, it .is_understood .that wor .
00221, 77 885 SEh R 6 ratekf 1R BleRBbabenoyiRiitr a mutipole
counterpart, and a word appearing in the plura
ion guide drrpecnydence with anpther exapuplesopfiguration efthe present
inmplicitly or explicitly understood or stated
invenfibher wi se. Furthernore, it is understood that for any
gi ven

[0023]  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
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conponent or enbodi ment descri bed herein, any of the
possi bl e candi dates or alternatives |listed for that
weompassss:l may general ly be used i AttorieuBbddRet PET/US2009/043841°
conbi nation with one another, unless inplicitly or
explicitly understood or statedotherw se.
otherwisti. tidslitibhgl]y,iit willl be upelesstded shatehyt listtof anyh kcasdidates or
such candi dates or alternatives is nerely
e e o PR RS LGl of Rpricity
to be understood,  where appropriate, like reference, .
undesstpaet o §taFFé§°ﬁ?@rmset i3 gispde perthdegstoar where apgrapiiate, like
the several views of the drawings for sinplicity of
referemed austeraliimgy réfed 26 torvbsprmnding pantseBrougHurit whe several views of
i ndi cat ed, nunbers expressing quantities of
i [ : [ ction conditions and so
the dl:@g\??ﬁ%%ﬁ}p%ﬁ?ﬂ?fg&?%ﬁtﬁggq on and clains are to be
under stood as being nodified by the term "about."
ccqrdingly, unless indicated to the contrary, the .
[0026 un&dpﬁ%ﬂveb& Rest iherwise indicated, Rumpers gxprestingqusmtities of
and attached clains are approximations that may vary
ingrediepts) domgtitupnts, tdaetidasbnditiqnsepel dd fostisasighin the specification and
obt ai ned by the subject matter presented herein. At
: e Q1L o .
claimd % 428t 83510 FAVIR SRy AL b Al fcingly, unles
4 scgpe of the clains, each nunerical paraneter shoul d_
indicafed te the coirarynthe niemerifall pagametgrs seeforthhinethespecification and
reported significant digits and by applying ordinary
attachedWiginfigaree@prositestiomahut trlagtwairdlidepehliaig tPén the desired
numeri cal ranges and paranetérs setting forth the

prop P TARRS e A o B BRERF R 58 vy

specific exanples are reported as precisely as _
least, pnd giob e an attempirteriniithe applieatidnoeitherdoctmine pbequiyalents to the
contain certain errors necessarily resulting from
scope of the claims, each numerical parameter should at least be construed in light of
the number of reported significant digits and by applying ordinary rounding
techniques. Notwithstanding that the numerical ranges and parameters setting forth the
broad scope of the subject matter presented herein are approximations, the numerical
values set forth in the specific examples are reported as precisely as possible. Any

numerical values, however, inherently contain certain errors necessarily resulting from

the standard deviation found in their respective testing measurements.

[0027]  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, g4 in accordance with
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t he standard deviation found in their respective
testing neasurenents. [0027] Turning now to the
walec@wilggys? Fig. 1 shows a basic vi AttopheyaDo@&ssPCT/US2009/043841 T
spectronmeter of the present invention, generally
desi gnated by the reference nuneral 12, which often
the exeanplany eode damentsraslisclesest hersin. iSsicbra mebs spectpnetgr may also
i n accordance withthe exenplary enbodi nents as
includé &R eREBGnEFSHtPolle?UBha om?%oﬁﬁ%cfgfé%ﬁg&lg}lﬁg adl RPvoltage to
include an electronic controller 15, a p r source 18
for. suppl vi ng,.an RF wvoltage .Ihe multipole devices ..
the myipSlsEliyloed Hiftlossd et i sRditToto oy elitiee Sutire &f sanfigured
configured to supply DC voltages to predetermn ned
to supielyi RE€volmgeh tampredeterneinadplericemyduchps) raxdngilbanultipole
el ectrode structures of the present invention. [0028]
?ggﬂ% invEgdrePect rometer 12
and %ﬁﬂ%@%ﬁ%ﬁfﬁ%@gg Wt %gh i on source and an
i nl et section 24 known and understood to those of

[0028pr diladstheSétdrhplertdi@redfidnts Ghas¥dipelirofiiddr BR6£tER AfayCBeélconfigured
I nclude, but are not Timted to, electrospray

TN T ML AP RIE A W —

) sections. In addition, nmass spectronmeter 12 may al so

in the art) afehighysunlvasstions carvincluudel but arg notlimitgd)to3dectmesyray
filters (Ql) 33, collision cells (gq2) 36, and/ or mass

ioniz@&TH, YREfcdl SnizdQon, (tREImAPioneiodl And ReathBSSsRAR] ME&T %esorbtion

39, 42, may be of any type, including, but not limte

. . to uadr upol e ss anal yzers, two di nensional ion )

tonizqtfon, EHPRF OB H1BRS BA SHeGOmPel? BRg Aro B Eany number of ion
traps, and/ or Fourier Transformlon Cyclotron

guideRdg)12An6E) I ahgssdilters [QO3Y, cdlhisidnorellyfq) &6, &7d/ &Omass analyzers (QB)
collision cells 36, and anal yzers 39, 42, as known to

; . ot .
5, (LR BET N e Sber B84) b Bl b
limitq(aitt'y@@e éﬁ%a{légﬂ? 'gnn%ﬁ gﬂa 32592 gw\é,agci#gﬁi,%%g?ieo% trrrggs, t’2Ielree dimensional ion

traps, electrostatic traps, and/or Fourier Transform Ion 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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any of the devices along the ion path at a | ower than
at nospheric pressure. The electronic controller 15 is
Wop@paki7g2 coupl ed to the various daHbeRSs DeHetPECTIUSI009043841T
punps, sensors, ion source, ion guides, collision
cells and detectors to control the devices and
[0030F ondAd destsibatl ablweymahy den lgaidksi am’scdlhsxong;hﬂsj sufférefrom the trade off
nass spectrorreter as well as to receive and send

f §d
of slo i yze g&l?goggj]? Hh&'i?‘% é&@?fa‘gﬁgﬁtﬁl\!@én %Egs P%%d ’quucl: lthe ions and
d colllal on ceIIs S ffer frocgﬁthe trade off of

movegﬂew oy arde Gesreal @imn Vation GcHANISIAGS, heapreilizedyfpsurge the ions
is used to cool the ions and nove themtoward a
alongahetsorapattx45; as ¥howelin Figchaowand thadetebied8uthibugtedadhoof the
urge the ions along the ion path 45, as shown in Fig.
dev1c&s gﬁ%ﬁgs&i@b(ﬂ% ‘%ﬁhqfe &t tt@ i:%‘ qhH%%%{/e?fthteEéls%%ﬁf &fied for a
scussed res
there is still a need for a nechanlsn1that does not
mechanpisy that dogs nat interferearithithe plepirigalfelsts of radetermingdirod
rod el ectrodes, (e.g., quadrupole el ectrodes) and cost

electreflés ¢é gy guaampmd ebstefdideb) drid yost effectivériess ﬁndfadagﬂablhtgf to a variety
gU|de and col |I'i si on ceII configurations. [0031]

o or 18 o ERTPA P SPRAGARRL, | 052000 ssoeh neees

configured with one or nore finger electrodes 71, are
desi gned to be di sposed between adj acent palrs of mai n

[0031} od FageZshawiean ggample carfigieation taagdsess sechmeeds,opherein auxiliary
gui des 27, 30, and/ or collision cell 36 of Fig. 1.

electrdfés 5£1581 56/ 67P&§1ﬂdg1ﬁ€d REitR bnk B nidtelTiriged ebdc@des I Sare de51gned to
60, 61 62, 63 and auxiliary el ectrodes 54, 55, 56,

dn Fig,, 2 newh | aded ,f
be dispoid Bratrese RO el S RRRT PR B P 2o ghomy one of the
occug% positions that generally define planes that

ion giides 246 and/ ar cdlisioal cel36f Fig. ad helrelativieypasitioning of the main rod
directional arrow as referenced by the Roman Nuner al

electrbliés 60768562, I@B%‘i‘l‘%lsalﬁéﬁa@eelé’&%dés%?g&%t, B2 & Fig. 2 is somewhat
exploded for improved illustration. However, the auxiliary electrodes can occupy positions
that generally define planes that intersect on a central axis 51, as shown by the directional
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 ion 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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adj acent RF rod el ectrodes at about equal distances
fromthe maiin RF el ectrodes of the nultipole ion guide
waleooaessher e t he quadrupol ar fi el Attoemey Bodlett BEL/US1009/043841°T
zero or close to zero, for exanple. Thus, the
.. configured arrays of finger electrodes 71 can lie
2, illugleatpg oy the ltaﬁ%%lénpﬁ%\ﬂ%%cﬁi 6663, piod 68 1of she anxidiavg electrodes 54, 55,
to zero potential so as to mnimze interference with
56, arld'87, ana@dbel pokigiontd eblsivetb ghe faih ¥& eRieoe1RS 68 61162, 63.
perspective of the configuration of Fig.2,
illustrating how the radial inner edges 65, 66, 67,

nd J )i e 4, .55, 56... and 57 .
o052 el b A 2L LGRS PR by LBl cppose e
60, 61, 62, 63. [0032] Turning back to Fig. 2, as
voltagasoway bs apibied tefeaeh phirafpppiositelyi disposedamein BFelasticsles by the
RF voltages may be applied to each pair of oppositely

electroh&O2GDIRR td cbiftail Gl i0AGeSdiANY iR RLBEH HRAMter. The array of finger
controller to contain the ions'radially in a desired

nngs . ..he array.of finggr electrodes .71 ich .ar
clectrJIANTH, wilidh o7 biiglne! AP fla @R G ryifiane SRrGaet 8, 55, 56, 57, are
55, 56, 57, are often designed in the present
often idgsigned om thepresenhinveotiands esteniddorangkior fofmtgraet of the radially inner
radial ly inner edges 65, 66, 67, 68 of such
edgesf({S; 66,167 88 of Sh&IS stractPéd. %ﬁs,@gblt%ha%ﬁ%lfé@t@fﬂe r@{ (&f finger

i nger electrodes 71 creates an a ectric

' ' ior .of .the i ' 27, 30 .colljsi

ctect e Pyl o b 20 LS 08 P bl 30 o coltison
arrangenent, each el ectrode of the array of finger

cell 3GedepirteskinsFigl 1.y ahetheo eranpbartrangemenlj, aactntletirodeof the array of
el ectrode 71 by a predeterm ned resistive elenent 74

; bgar ;
finge o T R et B SRR AL AR ERclofirode 71 by 2
set up.respective voltage dividers along | engths of )
predefgranighd FrHiaRYe SRt JALS 5., resistorsand gy Sompanstaneas, apredetermined
vol tages on the array of finger electrodes 71 thus
capacftor #Y.al headbeptreat resistdragdset ap respeativanoRagé dstidprswiloRg lengths of the
nonot oni ¢ vol tages. The voltages create a voltage

auxili? agb&%déﬁi ?2’ ?@;;5?" THE fe%%itiaﬁpv&l@éestgrg&sé a{r%]yc’ of’ hﬁg& electrodes 71

e 1 on pa

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 electrodes 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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shown in Fig. 1. In the exanple enbodi nent shown in
Fig. 2, the voltages applied to the auxiliary rod
web@oiugydes of ten conpri se stati c AtvortneyddockatPiCT/82009/043841'T
resistors often conprise static resistive el enents.
The capacitors 77 reduce an RF voltage coupling effect
[0033] n \Inolaltereatire embodippentappshaintio Figiat, wae or Rroresef the auxiliary
el ectrodes 60, 61, 62, 63 typically couple to and heat
electréd® @wdd pRINAEDBy aheibild9el&drodRD as §§®w§7g6éill%félf§9designated by the
operation of the RF rod el éctrodes 60, 61, ©2,
63. 0033 n alternative enbodi nent,, as shown in
referepg; htmerd) a0 el has gy Rl wolR e AR et oD et of e array of
provi ded by an auxiliary el ectrode, as shown generally
fingerddeitrpdesed. bythisexarapler amamgemensy e GMitralkird®, aashown in Fig.1, may
dynam c voltages applied to one or nore of the array

includéL orf RARd RILHF Q8D mutet Ebﬁ%lfe&%@?@%egs@ﬁgg%gg@gss, which may

e controller 15, as shown in Fig. y 'I'n

t
I I
take tgﬁah?p? 8 B%?caqgg:el&g@’%o l%é%r\rﬁgtgpst ) C?){C.iI étv ig&tp %%&nderstood that there
Digital-to- Anal ogue Converters (DACs). It is to be

may bermdenahy ofithdsatcotrperter comtrdikedagol tapeysupiplich 83£84; 85asttére are finger
controlled voltage supplies 83, 84, 85 as there are

electrA&XOAT inez{rﬁﬁrr%f%ﬁ'ﬁ‘le%é\s %F%}@&Iﬂg{dg%icyﬁﬁng%}gg%td&%% Eg{)g&l may be

conput er con age e COo

and control a voltage of a respective finger electrode
connegtedstgrand gordrql voliegenf agiespeqivedinger sirsvasis:71 foadhe array. As an

the finger electrodes 71 at a particular axia

alternpesdriarggenha@it, eéddh 6ffthe iihger eRY&oddes 71 Btk papdidadig¥bLosition for all
may be connected to the same conputer controlled

o theSgRIE A AR5 BE SRS QRSBRRLdfy Borota

controlled voltage supply 83, 84, 85, can be connected '
voltageguppdyl and havadbe samgeoltege eppbgédnihe gkample embggiment shown in
When i nmpl enented on plural auxiliary el ectrodes, each

Fig. 4 CQRRbBIpReNES Rk bIesH VOltd &afu 1P 8BYSH 85, &th bdeonriBYed®
appliedto a like
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
so 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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plurality of each array of finger electrodes 71.
[0034] As shown in Fig. 4, and as briefly discussed
wabaya4s7she auxiliary el ectrode 8QAttewmey DockBEPCT/US2009/043841T
arrangenent, have desi gned voltages applied by a
conbi nation of dynam c conputer controlled voltage
83, 84 8 phayelirdmd providege vditageldividemthaheoritvibmterf tosthatcreation of a
resistors 74 so as to forman overall nonotonically
monoRIriéH] 042 edsBNIP0IR g/ ARG R SB&RBE tik %&?&go&l%)lﬁs 83, 84, 85 are
mul ti pol e device. The Static resistors 74 "between the
i nger. el.ectraod 71 wiithin a group of finger )
capablq Qg EF R CEl gt Hacol s e B Ao iepethe magnitude and
conmput er controlled voltage supplies83, 84, 85, may
range fofivbltegequmayibeeadjustod tadehdnged ¢o mdeathenedds dfut particalar sample or
the creation of a nonotonically progressive voltage
¥ h t i @S : §
set of BrBel o £ B s il Rt PPl B2 B 77ma i connected
exanpl e, a conputer, the magnitude and range of
betwegp pdipsent ﬁa&er@em%& dd Itdﬁgo bp angeeriatgdnet ever theuglsthere are
of a particular sanple or set of target ions to be
two leadakli@wal. orAsachl sfchs ifigyyer electfrodes 71, acdingleilead ha?&_ﬁrﬂim led resistors
be connected between adjacent finger electrodes 71. It
0 [ I A .
and cqgchBre 5o SR 6L ThBe dlotfbe R REMERIE! RIR Sl Rion of adjacent
. si ngl e | ead having coupled resistors and capacitors on
finger oglegs0@s o gHll guggtl%mgplquyz’@jthe@xggml@ configuration of Fig. 4.
i nterconnection of adjacent finger electrodes so as to
still function simlarly to the exanple configuration
[0035]of Fig) 4 dso 5RGEEIn Hewil, theaddidigehtansn bha dedially inh&eedge 88 that is
configuration of a radially inner edge 88 that is

smilaG o] s P 4, B0 S ofe §pgbpna is 5. Th

_inner edge 88 includes a central portion 91 that may _
radiallyeinmet gdge 88 ingludeecentsal partiondadhal may begvataliced we otherwise
material, tapered portions 92 that straddle the

P AT PR 9B AT L1 e Sl ot
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 the 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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that connects netallization on both the front and the
back of the auxiliary electrode 80 for each of the
wo 2ovgaus76t ect r odes 71 of the arratedrnky Dpeket PCT/US2009/043841T
el ectrodes. As an innernost extent of the auxiliary
el ectrode 80, the central portion 91 presents the DC
Thus, theren-metplipesd edge surfacesof dhetapevsd portyonsH2 dred therecessed gap
path. Gaps 96 including recessed gap portions 93 are
portioRs98age Ea?em Badlehidl bivagife O tBb rhdlll iRAS M4t ErREESh that the
71 in order to provide an electrical "barrier between
respectiye finger electrqdes. ,However.  these.ga
edge sFPEFe of thedPHF R IHone 97 anpldhg Ehessard pep eOTicndd pegmot as
charged particles nmay reside on the surfaces in the
accesshdpes dmeblling plases Jorafliagged phtidesadi ent that is
intended to be created by the voltages applied to the
finger electrodes 71. Thus, the non-netalized edge

[0036]S Ur hagfsctQfal lel@nbRPRE SeLcdfink i aRidSs o"i‘ﬂﬂg&ﬂ&aﬂ%@i@ﬁ%ay be a
gap portions 93 are tapered back d away fromthe

radial |y, i nnermgpst, extent such fhat . the sur faces
substra@ 4o as {hosRan T3erd R AY riing clriat bogit GadByaigterial such as, but
portions 93 are not as accessible as dwel ling pl aces
not linhited tch dibgeglaga thatoddaashe fobBiR26] béntstut, ot otldrwdsesterpiedftorany desired
recei ving and supporting netallization nay be a

config@Hfdd & ﬁsoar oe ?%e&%i&@é@ir{tg tl’f% %orﬁiﬂgoémﬂg%irﬂéﬂtg e ?tlle - present

circult materi al, suclt as, ut not

. to, fiberqglass, that can be fornmed, bent, cut r i
nventigry, e“r%%lb%qsﬁlaﬁﬁe O¥h &%&Shétﬁ%g gubstantiale gata%nd baving
be integrated into the working enbodi nents of the

straightreeipestit isntoet indersilddntiagthesudstrateshrehthe dri®ys of finger electrodes
substrates being substantially flat and having

LA M o

thereofsh@) BLHEHAT R buiyBd gl aHAPGE RIS Wttoced Subapatsy that are
may be shaped with curved edges and/ or rounded .

shaped gnd apefalize) iy this way amgaelasivelyseaspda manrufaetuar Ths, anxiliary
this way are relatively easy to manufacture. Thus,

electra@iex iih bédordehecivi b AbbAindérate bfl RCHresbitineBRABH MRLY Be dnfigured for
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
designated 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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pl acenent between curved main rod el ectrodes of curved
mul tipoles. [0037] Fig. 5 is a diagrammtic
w@eoospesTst ve view of a curved nul tAgoimeyddeadkeePCT/US2009/043841°T
general |y designated by the reference nuneral 102. The
myl ti pol e ion deV|ce 102 may be an ion guide or
reduCééWPﬁfsar%e%S@l q memfaﬁﬁgreb?éhe medn Borelecstndes mag alpedwe curved about
spectronmeter 12, as shown in Fig. 1, in place of any

one opndroaxesiidiesovide a Hesived ¢on path 4t L&l thadbspetr®®neétér configuration. In
shown in Fig. 1. The multi pol e device 102 has mai n RF

order% %[%%128 %%& lfla9§ lelejcg%gi,e% (Hl ﬂ&%ﬁil&qﬁe ST %ogq?g tﬁc} 118, 119 are

&~ &ont as’’s
appllcatlon of the RF voltages from a power source 18,

shapeg) tognaichghewnrvaiur of the main RE electipdes.dntametiyt of operation, the
t he enbodi nent of Fig. 2 as di scussed above. The main

auxilify Eleeebd&AER, T8, 18, {1 1F ARANrtd EBARGBHI tRE n@a{lﬁ%?ectrodes 105, 106,
séctional material forreduced cost and ease of

107, R Yofoe e e e obBe o mbe B ot s s

and/ or mass spectronmeter configuration. In order to

been desctibed veith ré¢gaadythe lesdiodivhestsidfFigs.124. 113, 114, the
substrates 116, 117, 118, 119 are shaped to mat ch t he
curvature of the main RF el ectrodes. In a method of

[0038PPENAhOBnd Wiy PekdPdcBIY o@b 6 aR&S inld Yiretfidn o%%?‘rowl% of Fig. 5,

are inserted between the na el ectrodes 105

re lied.to the auxil
first 2B e sl RsD elfiéroagaiﬂa o 2 eneSriordelt 6 slbstppialty form a
with regard the enbodi nents of Figs. 2-4. [0038] In
contirtursisesmface évexpendqbtt ineet wigefhey.indde dhemadin R¥ electrodes 105, 106, 107,
direction of arrow VI of Fig. 5, first and second

108. SAHItANY AhrPARE g&ﬁ‘gﬁ §u%r§? @Qcﬂ%&e@i?&a 94 % & Wéth each other.

substanti al | y orm a cont1nuous surface | ende

nmeet geth i nsj de the in RE electrodes 105
Theseﬁ?ﬂerai&aco-e anar gﬁeytat{cms Pairg of 8¢ aHxikiaxy elestrpdes 911, 112, and 115,

el ectrodes 113, 114 are aligned with each other. These

114 pgwide gidayercaasp banamudadtaringt Nenerthélepsiths radiallénnermost edges 122,
auxilirary electrodes 111, 112, and 113,

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.

[0039]  As may 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 another 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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114 provi de greater ease of manufacturing.
Neverthel ess, the radially innernost edges 122, 123,
wa2ey/14282 are presented between adAfsaity Déedket PET/UBE09/043841T
mai n RF el ectrodes 105, 106, 107, 108, as shown in
Fig. 6, and as described wth regard to the
Altermatbedy, reeDAC nfayFbegmm%ctbchﬁmm/grodpﬂﬁﬁigeﬁcselmtwdm 128, which are in
appreciated fromFig. 5 netallization on an underside

turn BhndctB@th leGth th "ﬂtﬂ/sxlegi@tccﬁ‘s 1?6 ds sh&HRSatr{daagscill%Zd WRN rO8ard to the

a mrror inmage he netallrzation on an up
ur f ace of anot her redet erm ned substrate,

e
embogimment i gs4 ol habisi DAL pady R resitsorh Maybe coasesichda the auxiliary
above, resistors 122 and capacitors 126 nay

electrodésetocapplie aindadinars MC tledgds veltfgrsntoths aixibiatp et @vieein any
a voltage divider along a length of the nultipole

combfi OSQN&R@U% &\éﬁ%ﬂgtfréfrﬂl e @P%gm%ﬁ%ggg EMOEHSFioh?

eac respec er electro N an
array Alternatrvely, a DAC may be connected to a group
finger electrodes 128, which are in turn connected

of
(0040} o A ¥riththeother pasple sibodiments, Shearras o fiaget elestrades 128 is
with regard to the enbodi ment of Fig. 4. That is, DACs

disposditibn @pposise sides of HeycibaiiEboHeGhatbriad thdtdormx lelatlﬁbﬁ’ the substrates
el ectrodes to apply and control DC electric vol tages

116, 1%9 1&59’1@' é;r%\g%f %eso;th?xo %(e M%eseé%n%ocﬁgﬂ%bqtﬂ e§q@)§m e}bé)ﬁ/e, the array of

[0040] As wi th the other exanple enbodi nents, the
fingergleciyodss 128mgay indlede pguisded 28 otheraiismapelied eomsysivietraaterial on an
sides of the circuit board material that forms each of

edge e Pranbd @irefitbbard Hafteridldhat ol thel dBnldRictive nidierial on opposite

ther exanple enbodi nents descri bed above, the array

it S S RLE ESbd y  Bl lBlges presents

the printed circuit board material that joins the
condustive usatevigl onnenajarity of e ppdislly énseresst efige sarface ofithe auxiliary
board material. In this way, the array of finger
electr8H& ALH IRl R R5®RIGthéd 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
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conductive material on a majority of a radially
i nner nost edge surface of the auxiliary el ectrode.
WOR@9/188782 | ar to the ot her enbodi netdiraey Doeket BCEUS2009/043841T
recesses 92 in the edges of the circuit board materi al
bet ween respective finger electrodes 128 of the finger
thin plattesc i this andrthg otlitnesmbediandras)| the sibssates mayotakddhe &orm of thin
on an insulative material surface of the circuit board
plates n‘Plﬂ@éﬂrﬁ& o fig FER’}%&@Qeé ﬁfél d dﬁsg&iéﬁa&ﬁj RN LAY TR electrical
i on beam or path. t he ot her
nts, the, d circuit bo
clemefifyfic “gr?“é’ofﬁﬁﬁsﬁlfs BhE Caar s g HEGrOSiAd Mh lopeprofiles or may
enbodi nent of Figs. 5 and 6 may provide a structura
be intdgralerathi tha thin glabestsuahehdtothetsbstrateduithithie eheatrival alenadnts forms a
nmetal lization of the finger electrodes 128. The
LAk : d
monofhK. SR ROSRNEE Fetbollthe ol easr i adfBled it fctrodes of
? i,tioning betmeen two curved adjacent main
multipgle deyisg®s of a nultipol e device 102. The array of
finger electrodes 128 may be di sposed on the
curvedthin plates. In this and the other enbodi nents,
[0042]t heFigiFss nntesplodeyl diagearhimatit presspctivbiviewlofbeaultifude device 131 in
array of finger electrodes may be di sposed on the thin
accorddn@t &ith 48 ﬁltg}rﬁﬁf\;e tRbo BhRITR ¥ $he Bﬂe%taﬂgf ?ﬁ The multipole device
resistors and capacitors, nay be provid
files ot be integral with the thin plates such
131 miy,Bave Fis B batr e A3 L3k 186 o stmilnr t0 WipsGodinents of Figs. 2.3
a nmonolithic unit for positioning between the at | east

Alternavivelydileceiain rad sleetrodés aslad afve Futthhpalag ceedsiseeions as in the
[0042] Fig. 7 is an exploded diagrammatic perspective

I [ I 31 | ccordance-w th, an
embod R FTeAY TR RSAAE g DrBiEREAORETFil T e, he
nultlpole deV|ce 131 may have main RF el ectrodes 134,
auxiliargslectrzgles 146, 141142 r145 an e fermedpsuanes of a thigsemicanductive

Al'ternatively, the main rod el ectrodes could have
materiaBSlid g/ bat n6f REfitedlao! 016n Tiokidel More importantly, the auxiliary

electrodes 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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enbodi nent of Figs. 5 and 6. Wth respect to the
configuration of Fig. 7, however, the auxiliary
web@otissyees 140, 141, 142, 143 camdtbernky DuveRetadBCT/HAS9/043841T
of a thin sem conductive material such as, but not
limted to, Silicon Dioxide. Mdxre inportantly, the
of the yarey ﬂogiming tthe avvidiesy ¢leotrodd can ba gloped3oepplp the desired variation in
configured to have a resistance in a direction al ong
resistand€kb ab eh edase Y variRPALiRODaYAY al DC fiel d when an
el ectrical potential is applied. Thus, the auxiliary
el ectrodes may function simlarly to those descri bed

aboye_gv t ho . the 0 not..hav iscrete finger.
100431 OHF P HE v PREPrb Pt e AL ey b Fpligg do ess tham an
. divider. Rather, the vanes may have a constant
entire length o4 ngaultipnle deviser Whilegt tnonotariicallyc peegressive thanegerin voltages
axial DC field when DC voltages are applied to

along 8dth@f Yh€he&llialfl 8RctrOHbS RAGbMLHNcudsBl, ¥MESbEBKderstood that
have a varying cross section so that the voltage

other SN oMSD Fab OGP sBhma e ot SRS For example
arrangenment, the material of the vanes form ng the

slowirgyoltages ymay be applied ¢aan pstiepadertdofithel mutthpold eleviceduch that less
variation in resistance so as to create the varied

colisi$f8} Rt LR 8 B Shcd 8 ATRBL BBy Wi i
entire |e h of a ti.pol e device. Wile a

downsgasn smi@g%f@ yHEgP vjee tnsaspthedonomoyieg thioggh and out of the
| ength of the auxiliary el ectrodes has been di scussed,

device. Additibnalbg ATsos totleel damaputet bertrolied ﬁﬁhﬁ%@ Ellhdp[alliésymay be utilized
progressi ve changes in voltages may be applied. For

to dyrBERERL vl PR KBRS 7o B RP LA ars o or in addition o
. collision gas is needed in a collision cell. Then,
static Qeceltaggsupglies| t ages may be applied in a downstream
end of the nultipole device to keep the ions noving
t hrough and out of the device. Additionally, DACs or
[0044] ot hEris eobP uhelerstood titdtlafiayndjerpronsetpptdrefuritbiynigith only one
utilized
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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to dynam cally vary voltages applied to the auxiliary
el ectrodes in place of or in addition to static DC
wao olageassuppl ies. [0044] It is to be under st oPAI/URZINY9/G43841
mass spectronmeter can functi on wAttoory\Darket Nux28593v@1/PCT
el ectrode inserted between any adjacent pair of main
What clgingéd {sodes. However, a nore evenly distributed
axial DC field is created by a plurality of auxiliary
el ectrodes di sposed between respective pairs of
acent maln RF .el ectrade ol e device of
1 AR GRRe R R Bl R AU de KL RIS SRS
especially so when the sane or simlar voltage
gradient is created in each of the auxiliary
el e@nelRrdeond¢ epRfrekepect i ve | engths of the auxiliary
el ectrodes. Attorney Docket No. 2859W01/ PCT What is
claimed is: 1. A mass spectroneter having a nultipole

| on aglutiditdef intdin el@tides ioperalilil cohREdte@ b ehe electronic
controller; a plurallty of main el ectrodes operably

controcif)elil r%gl;dt %deJ %pw]e%sg)g 09 %'PP a}rc ] n&{ﬁvqlﬁa{ge%ﬁ ng}ﬁuggﬁﬁ{)n

gU|de deV|ce under operation of the eIectronlc
guidedswiqegindar;opgratiemnof therrlecttonit camntroBemct r ode connect ed

to a DC voltage source via the controller, the at

| east one auxiliary el ectrode disposed bet ween at

| eagat ldavPorslh@citinty eleegodé comeedt@l to £DETVoREGSsoUree vad the
| east one auxiliary eIectrode conprising: eléctrica

controﬂer Lﬁ}e 33 éesagghﬁg Igﬂg II&F% F]eetc%oge 'aﬁ%agqrséagvlegvaeen APfehst two adjacent

i nterconnecting respective finger el ectrodes of the at
ones df §he mainelectrodes, the at least one auxiliary electrode comprising:

electrical elements including at least one 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 controller and the
resistors limit the voltage applied to the one or more auxiliary electrode to a

monotonic voltage gradient.
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array; and a substrate supporting the finger
el ectrodes and the resistors; wherein the voltage
waompaes7appl ies a static DC voltage to the el eRCT/USENN9/043841
el ements such that the finger el esttootkydDedes ot 2859WO1/PCT
nonot oni cal | y progressive vol tage gradi ent on
3. THeamB&Lpeterohheterot €hRAlll AdEterComhiesial raé})’lu?él&'j}gaf%uxﬂlary
| engt h "of the aUX|I|ary el ectrode. 2. ThHe nms
ecir ere ctro
clectrBHETIERIERE LR t o A arPEnf HRrtoFe &6 %ﬁe{%ﬂbe Rt
to the one or nore auxiliary electrode to a nonotonic
auxiligey elggfrodesmateatisp@geddretwensesnectig pairg 6 whipcPUTMBIN
The mass spectronmeter of claiml1, further conprising a
electreaésrﬁﬂ themftifdk idrl hidefd8sdd 0des including the at
| east one auxiliary el ectrode, wherein the plurality
of auxiliary el ectrodes are di sposed between

. THERBRR T ERelE R o Bl f S 4R il EhEE et of cach

of claim1l, wherein the array of finger electrodes of
auxiliegceleatunile lias geréraly indeplaneforgmsiiciing the aragloddingeor
positioning the array of finger electrodes between the

electrlied B@RechWhe %Ejle%‘é@f%o Hajaeeﬁl Rail Q88308ds dfthe @Hﬁftip‘?ﬂ’é ft‘)n

ion guide device. 5. The mass spectroneter of clarm
. erein: the at | east one auxiliary el ectrode
guidedf¥ite ses one or nore curved thin plates form ng one
or nore curved substrates including the at | east one
substrate for
5. The mass spectrometer of claim 1, 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 for
positioning the one or more curved substrates between curved ones of the at least

two adjacent main electrodes of the multipole ion guide device; and

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

plates.
6. A mass spectrometer having a multipole ion guide comprising:
an electronic controller;

a plurality of main electrodes operably connected to the controller and an
RF voltage source for applying RF voltages to main electrodes in the multipole ion

guide device under operation of the controller;
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positioning the one or nore curved substrates between
curved ones of the at |east two adjacent main

web@otsgydes of the nultipole ion guide devi ce;PEnUS100€043841
array of finger el ectrodes di sposA&ovney PecketNoo285HWEO1/PCT
curved thin plates. 6. A mass spectroneter having a

nul tdtfedst oneraugiliats ebatmpdesiongected telaeDCrvliage source via the
controller; a plurality of main el ectrodes operably

at £ o : t qurce _ ..
conte P B e Ry B Rl o PO otk 4R I8 acacent
| tipole ion guide device under operation of the -
ones glgtherppingglegtye ynphinale l%gulz’@?&rm% Heratleasteansauxiliary
one auxiliary electrode connected to a DC voltage
electredecompeising:ne controller, the at |east one auxiliary
el ectrode di sposed between at | east two adjacent ones
of the main el ectrodes of multipole ion guide device,

t he . i | 4. Lectro LSl ng;

o s s e ROEARIAAE ) S0 5af SRS Pl anc o
finger electrodes and at |east one digital to analo

least qrdigited to prlop coprprer dIAC) coargrsed totespeaiges finger electrodes
el ectrodes of the at |east one array of finger

of theeltdedst odlearraysf faigdredsdtrodes; upst rate supporting the
finger el ectrodes; wherein the DC vol tage source

applies one or nore DC voltage to the finger

el e t | . ope DACIor presenting a
vol fa tégé;a%g ?g%%léfﬁ%}?%c% e Rggﬁilﬁ%g%et f?%erfeil?lcgﬁcﬁeéf ect rodes
of the at |east one array along a length of the at

| east_ one
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.

7. The mass spectrometer of claim 6, wherein the at least one DAC includes a

programmable logic control and can be dynamically adjusted.

8. The mass spectrometer, of claim 6, 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.

9. The mass spectrometer of claim 6, further comprising a plurality of auxiliary

electrodes including the at least one auxiliary electrode, wherein the plurality of
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auxiliary electrode for noving ions axially through
the nmultipole ion guide device of the nass

wGep@otiusIget er. 7. The nass spectroneter of cl aP@T1/652009/043841
wherein the at | east one DAC ncl udigermeyDateeNoe289WO1/PCT
| ogic control and can be dynamically adjusted. 8. The

aux1119ﬂ5§le§t98&ésr £eRbAhectedl t6kRé D EvolMIR Kjutcd Bed aré ﬁis:ﬁogé"dl
I"'ements further conprise reS|st s 1 nterconnect

ectlve ones ,of . .the fin C es f
betwesBriotnt FSiFA S giRseat ey glecigBs PRt edladun sride
respective ones of the finger electrodes. 9. The nass
devicepectronmeter of claim6, further conprising a
plurality of auxiliary el ectrodes including the at
| east one auxiliary electrode, wherein the plurality

10. THANLS HleRGdet of\@lalrg%5mlﬁ%e absl |df5Hﬁ/ 2l B RIS Fies

are conrnected to the DC vol tage sourc are
I SpPOS bef ween. r es tive rs . of d acent mai
genergliE B Giaste (oF RORIARURE PEOY S B¢ 4 drase Pt adasent gradm glectrodes
mass spectroneter of claim®6, wherein the array of
of thefmuligpoleiecguidkdeteviGees generally in a plane for

positioning between the at | east two adjacent nain
el ectrodes of the nultipole ion guide device. 11. The

11. TROSSisS bfglfanﬁl@lvme@e wherein: the at |east

one au ary e ectrode conprlses one or nore curved
thin plates forn1ng one or nore curved substrates

i ncludi ng t he at ast .one substrate; the one or .
cur heERatong weeSereo dr sampassen SuRvEa CRGE gin
plates forming one or more curved 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.

12. 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;

applying at least one step-wise monotonic range of voltages in an axial
direction by at least one array of finger electrodes disposed on the thin plate of the

auxiliary electrode;
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the at |least two adjacent main el ectrodes; and the

array of finger electrodes is disposed on the one or
woreg/1¢818¥ed thin plates. 12. Anet hod of novi NRCT/O8H09/043841

through a multipole ion gui de devAtternay RodkasNo. 2859WO1/PCT

spectroneter, the method conprising: disposing an

auxidgpagingalessidnde SIORPS biegs & LY finglrallacthRicsaRFough
|

adj acent main RF el ectrodes of the multipole ion guide

evice: .applykng at | east one step-w se nonotonic
respegté%egléesgfogo?’g‘gges in an axial direction by at |east

one array of finger el ectrodes disposed on the thin

plate of the auxiliary electrode; Attorney Docket No.
285Inenetogicadlyphyving ioas peusvighdthe shuldipede ion guiglesdevice in the
the finger el ectrodes through respective resistors;

axial @iFectimBy @hd ﬁﬁido&qﬂi@%ﬁ@e bPvsitddesough the mul tipol e
ion guide device in the axial direction by the
nonot oni ¢ range of voltages. 13. A nethod of noving

i ons; through.a mul thpol e ion guide. devi.ce jn.a .mass
13. A BRTR0E RENENYRg RN PR o SRR R ER i T s
auxiliary electrode conprising a thin plate between
spectrpanetenthe medthodicomprinieg: of the nultipole ion guide
devi ce; applying at | east one range of voltages in an
axial direction by at | east one array of finger

dﬁk@@ﬁq@@dﬁ&;ﬂiiéﬁ%@&r@@e EbptRing Ptrahlede Beltwedh djdcaht/main
el e

ctrode;

electrodes of the multipole ion guide device;

applying at least one range of voltages in an axial direction by at least one array

of 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.

14. An auxiliary electrode for creating an ion moving axial electric field in a
multipole ion guide device of a mass spectrometer, the auxiliary electrode

comprising:

at least one substrate for supporting electrical elements of the auxiliary
electrode, the at least one substrate being configured to be positioned between at

least two adjacent ones of main electrodes of the multipole ion guide device;
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appl yi ng respective DC voltages to the finger

el ectrodes by one or nore conputer controlled voltage
waapliyg78and novi ng i ons through the mnul ti pol ePCDES2009/043841

gui de device in the axial directiAttoineytDeckeaNgc2889WO1/PCT

voltages. 14. An auxiliary electrode for creating an

| on viRMieRyttaxdlattrihPabfehits ineludle: N @ mul tipol e ion
gui de device of a nass spectroneter, the auxiliary

el ectrode conprising: at |east one substrate for

support.in . rical el epents of f.he auxiliar .

ol baTTBERY of e Y dredesEPb G len ettt o Eiabrtgates and
to be positioned between at | east two adj acent ones of
mai n el ectrodes of the nultipole ion guide device;

At t GtatigrepistEstinigscorrRsYperespETtivg enes af thedingereleqteegdes for
el ements include: an array of finger electrodes

setting PO BRI ABNICARy ProgiRasive ¥BRage BEddidhiein A4kial @irb&ion of the
resistors interconnecting respective ones of the

Jinger electrodes for setting_u non ni cal]. . .
multigpBI5h iGEGORE Lo Mo ith ot St ediich o Filtibale igp suide
the nultipole ion guide device for noving ions axially

devicehr ough the multipol e ion guide device. 15. The
auxiliary electrode of claim14, wherein: the at |east
one substrate conprises a thin plate; the array of

15. Thé Bagilia8y eletfrodedf alfmdi4S pareeindn the thin plate; and
the el ectrical elements have a |ow profile or are

integral with the thin plate

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.
16. The auxiliary electrode of claim 15, 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
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such that the substrate with the electrical elenents
forma nonolithic unit for positioning between the at

wo e@si148780 adj acent el ectrodes of the nulti pol BCT/082009/043841
gui de device. 16. The auxiliary eAttormeyddodaket Noa23889MW01/PCT
wherein: the thin plate conprises a printed circuit

boartHe aBagrdfdHngnldch®des indudés fhea@itedl ©BHUEHES material on
conprises a printed conductive nmaterial; the array of

o bt B S A SRR RSt e

2859W01/ PCT the array of finger el ectrodes includes
oppositesiges of the citsnitlraard enateriel azd peeseatingdhe pointedheonductive
printed circuit board joining the printed conductive

materi G & ﬁ{aj&ﬁ‘tgmdi&ll}s {rdRSniRbt édige Surtadd df thedlliliary electrode.
a

mat eri al presenti’ng the printed conductive
material on a majority of a radially innernost edge

urfaece of, the .auxi].iar |l ectrode, .17. The auxiliar
17. ThY RgpL s IR 0t a6, Py Copmf e Rolti e dpe of the
the edge of the printed circuit board material between
printedegipatit boardfinatpsral bebeeqrorkspedive fiiegdri elegroddsarftthe fimger
array such that available sites for ion deposit on an

electrb®8 Hi1dYiseh TRi e Vallh bR {ed %61 In ddPosft drfah Inde@R vk material
material are recessed radially odtward away fromthe

i 0 eam . An auxiljary electrode.for creating .an )
surfadegit 5 ¢iirgt Bor il AR AHE TPFRSPal A0S QREV BBl avagfrom the ion

gui de device of a mass spectroneter, the auxiliary
beamel ect rode conpri sing:

18. An auxiliary electrode for creating an ion moving axial electric field in a
multipole ion guide device of a mass spectrometer, the auxiliary electrode

comprising:

at least one substrate for supporting electrical elements of the auxiliary
electrode, the at least one substrate being configured to be positioned between at

least two adjacent ones of main electrodes of the multipole ion guide device;
wherein the electrical elements include:
an array of finger electrodes disposed on the at least one substrate; and

one or more digital to analogue converters (DACs) connected to
respective ones of the finger electrodes to apply respective DC voltages to create a
DC voltage gradient in an axial direction of the multipole ion guide device for

moving jons axially through the multipole ion guide device.
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at | east one substrate for supporting electrica
el ements of the auxiliary electrode, the at |east one
W@ aivsi1ssI82 bei ng configured to be positioned bPCTEBIWOH043841
| east two adj acent ones of mai n eAtormeydBecket Noh2859WO1/PCT
mul ti pol e ion guide device; wherein the electrica

19. Theaoriliasy ieleetrode:of @MminT 18 Wwitkirefn the@nedr@bbfODACs comprises a
di sposed on the at |east one substrate; and one or

di gj t al ogue converters (DACs) connected
dyna?%&ﬁ%g%gg%%bga@ﬁgg of the finger electrodes to apply
respective DC voltages to create a DC vol tage gradi ent
in an axial direction of the nultipole ion guide
20. Agepnelithiedragiielselpdredefargreatingwmipghmoringrelerirpofield in a
i on gui de device. Attorney Docket No. 2859W01/ PCT 19.

multipble jdtgdidledyviek et brass specabiietr] the MdROEHKC U8 BiRRI
or nore DACs conprises a dynan1caf|y adj ust abl e DAC.

[thic drag field electrode for creating an
ekcﬂ§§%6§%§?%§5§|ectric field in a nultipole ion guide

devi ce of a mass spectroneter, the nonolithic drag
field el ectrode conprising: Silicon doped to have a

r esiSikicaredopert o haeg a sesighneguchdbat agolage applied atadirst end
of the nonolithic drag field electrode forns a

of the'TABALIMIE dVAY fieldeel s¢tsH el LMSndtdrRe Qbﬁaﬁé gt{tflent along a
nonolithic drag field el ectrode; wherein the voltage

radi ent cr.eates a i.al,_electrical field along a
lengﬂ?gﬁg]ehmgpopﬁwéc %%BF@?ISCW%QQ field electrode for
nmovi ng ions axially through the nultipole ion guide

devi ce.
wherein the voltage gradient creates an axial electrical field along a length

of the monolithic drag field electrode for moving ions axially through the multipole

ion guide device.
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