- 1 OQOotaining Tandem Mass Spectronetry Data For Multiple Parent lons In An
_lon_Popul ati on Background of the Invention 5 This invention relates to
tandem mass spectronetry. In particular, although not exclusively, this
invention relates to tandem nass spectronetry using an ion trap to anal yse
and select precursor ions and a tinme-of-flight (TOF) analyzer to analyse
fragnment ions. 10 Structural elucidation of ionized nolecules is often
carried out using a tandem nass spectronmeter, where a particular precursor
ion is selected at the first stage of analysis or in the first nass

anal yzer (M5 1)opt D¢, PLECHESREn UQDS 8EE:SHBhEELFIDLPaf £A 1534 (e-g. in
a collision 15 ——and—the—rest —agtret T-OC TS —&f-¢
transported for anal ysitadent ITorsedmdrsiTage Papulatdch mass  anal yzer

(M>-2). The nethod can be extended to provide ftragnentation of a selected
fragnent, and so on, with analysis of the resulting fragnents for each
generation. 20 This is typically referred to an M5" spectronetry, with n

i ndi cati g theuEPeF @k SteRs @f Jgpss anal ysis and the nunber of

gener ati ons rUnST—#Kxxnﬁ%ﬂnﬁﬁyr—NBZ corresponds to two stages of nass
anal ysi s with-ug generations ot lons o angliged (hr eeursql and prodyets). 25
Rel evant types of tandem mass spectrometers i ncltude: TSequentialTin
space: apalkBgrefliae,sedteloudybiicds «(4lsedveny , Mt E apveRdonl el £d€y . See
for exanple F.W MlLafferty; Ed. Tandem mass spectronetry;
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second

select precurscor ions and a time-of-flight (TOF) analyzer to

analyse fragment ions.

10 Structural elucidation of ionized molecules is often
carried out using a tandem mass spectrometer, where a
particular precursor icn is selected at the first stage of
analysis or in the first mass analyzer (MS-1), the precursor

ions are subjected to fragmentation (e.g. in a collision
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cell), and the resulting fragment {(product) ions are
transported for analysis in the second stage or second mass
analyzer (MS-2). The method can be extended to provide
fragmentation of a selected fragment, and so on, with
analysis of the resulting fragments for each generaticn.

20 This is typically referred to an MS" spectrometry, with n
indicating the number of steps of mass analysis and the
number of generations of ions. Accordingly, M3® corresponds
to two stageg cf mass analysis with two generations of ions

analyzed (precursor and prcducts) .

25 Relevant types of tandem mass spectrometers include:
1. Sequential in space:
a. Magnetic sector hybrids {(4-sector, Mag-Trap, Mag-

TOF, etc). See for example F.W. McLafferty; Ed. Tandem

mass spectrometry; Wiley-Interscience: New York; 1983



gquadrupol e is used as an RF-only collision cell (QQQ. See for exanple Hunt
DF, Buko AM Ballard JM Shabanowitz J, and G ordani AB; Bionedical Mass 5
Spectronetry, 8 (9) (1981) 397-408. c. Q TOF (a quadrupol e anal yzer foll owed
by a TOF analyzer). See for exanple HR Morris, T. Paxton, A Dell, J.
Langhorne, M Berg, R S. Bordoli, J. Hoyes and R H Bateman; Rapid Conm in
Mass Spectronm 10 (1996) 10 889-896,; zand |I. Chernushevich and B. Thonson; US
Patent Serial No. 30159 of 2002. d. TOFR-TOF (two sequential TOF anal yzers
with a collisional cell in between). See for exanple T.J. Cornish and R J.

Cotter, US Paf. 5,464 QQng;ggéﬁ %h ﬁgﬂgg%&ﬁlth@ th g%u gl on traps such as

Paul trap (see for Hughes; adrupol e Storage
Mass Spectrongha@rupoha V%IeygdChschasREFpn198@bllEembnecelIraQqDOrn1Ion
Cycl ot ron Resgnancge

(FT_1 -_see for exanple A rshall and F.R
Verdum Four i 8F€t aﬁs?ﬁ?ﬁgf%nHNWﬁ D3o gB?PcﬁM aﬁa%kﬁgg fect ronmetry,
El sevier, Amsggidambwif80), &adi 8ioehgnti 88 ;! BN6AR4LEAR MBS Spectroneter
(LTMS - see for exanple M E. Bier and J.E Syka;, US Patent No.

5,420, 425), afpeakFakbebfect BohS)i ndaBlirap7nas88.spectroneter (see, for
exanple, J. Hager US-A-6,177,688). 25 3. Sequential in time and space: a.
3D-TOF (See for ex@npbBE SaMyublichpele bhaChenrahdlibwhbl bybaampFRev. Sci .

I nstrum 63(10%&}992% 4277-4284 and E. Kawato, published as

PCT/ W99/ 3936852 182€E T+ FFeF CROT SEX2FBI Ceiahpl HOKEESBeov PAEERT 36 Ni kol aev,

A. G Andersonpgfial g; ﬁ@ﬁkggPﬁal,M?3Bé%Q9lk.§. B8a3do®Rd 3 ExByedykaqa D. L.
Bai, et al. Proc. 49th AS

R.H. Bateman; Rapid Cocmm. in Mass Spectrom; 10 (1996)
10 889-896; and I. Chernushevich and B. Thomscn; US Patent
Serial No. 30159 of 2002.

d. TOF-TOF (two sequential TOF analyzers with a
coilisicnal cell in between)}. See for example T.J.

Cornish and R.J. Cotter, US Pat. 5,464,985 (1995)

15 2, Segquential in time: ion traps such as Paul trap (see
for example R.E. March and R.J. Hughes; Quadrupcle Storage
Mass Spectrometry, John Wiley, Chichester, 1989), Fourier
Transform Ion Cyclotron Resonance (FT ICR - see for example
A.G. Marshalil and F.R. Verdum; Fourier transforms in NMR,

20 Optical and Mass Spectrometry, Elsevier, Amsterdam, 1990)
radial-ejection linear trap mass spectrometer {LTMS - see
for example M. E. Bier and J.E. Syka; US Patent No.
5,420,425), and axial-ejection linear trap mass spectrometer

(g¢ee, for example, J. Hager US-A-6,177,688) .
25 3. Sequential in time and space:

a. 3D-TOF (See for example S.M. Michael, M. Chen and
D.M. Lubman; Rev. Sci. Instrum. 63(10) (1992) 4277-4284
and E. Kawato, published as PCT/W099/39368).

b. LT/FT-ICR (See for example M.E.Belov, E.N.
30 Nikclaev, A.G. Anderson et al.; Anal Chem., 73 {(2001)



Conf .

as in CM \Witehouse, T. Dresch and B. Andrien, US Patent No. 5
6,011, 259) or Quadrupole-trap/ TOF (J. W Hager, US-B- 6,504, 148). A nunber of
non- sequenti al nmass spectroneters suitable for tandem nass spectronetry
have al so been described (see for exanple J.T. Stults, C. G Enke and J.F.
Hol I and; Anal 10 Chem, 55 (1983) 1323-1330 and R Reinhold and A V.
Ver ent chi kov; US Patent No. 6, 483,109). For exanple, US Patent No. 6,504, 148

by J. W Hager

Mass Spectrom, Chicago, IL, 2001). c. LT/ TOF (e.g., Analytica LT-TOF

di scl oses a tandem mass spectroneter conprising a |inear ion

trap mass SPE?Fgonghﬁlomed% g ng BO£|I§ Qn c%lllfor ion %%FPS tation

arranged axi a

a mass spectroaﬁfermae@pspablagomtvxocmcagbe iron Qm@ps .and,
mass anal yzer, all arranged axially. The ion traps may function as 20

“FOF"ass anaFyzer

collision celtks anngqophqesgecthgg@?gﬁcgsL@a@@bl%SOEDN@/MB and Ms"
e

experinents. Both of these spectrone

optionally,

1"di scl oses

a TOF

rs are standard in that they rely on
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M5/ M5 experi gepts, peg)second) and space charge effects To ensure

sufficient nunbers of fragnmented ions are detected by the

nunber of

TOF mass anal yzer

to give SOUndAeﬁQﬁbbEEBEahoﬂa%équ%H%&a@omag%r%%%b%&oh%@e%%u%@%&%%EEWUSt be
stored upstream (particularly where nore than one precursor ionis to be 4
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for tandem mass spectrometry have also been described (see
for éxample J.T. Stuits, C.G. Enke and J.F. Holland; Ana.
Chem., 55 (19283) 1323-1330 and R.Reinhold and A.V.
Verentchikov; US Patent No. 6,483,109).

For example, US Patent No. 6,504,148 by J.W. Hager
discloses a tandem mass spectrometer comprising a linear ion
trap mass spectrometer, a trapping collision cell for ion
fragmentation arranged axially, followed by a TOF mass

analyzer.

PCT/WO01/15201 discloses a mass spectrometer comprising
two or more ion traps and, opticnally, a TOF mass analyzer,
all arranged axially. The ion traps may function as
collision cells and so the spectrometer is capable of MS/MS

and M3" experiments.

Both of these spectrometers are standard in that they
rely on axial ejection of ions from the ion trap to the
collision cell and onwards to the time of flight analyzer.
Both spectrometers also suffer from a problem that there is
a conflict between speed of analysis {i.e. number of MS/MS
experiments per second} and space charge effects. To ensure
sufficient numbers of fragmented ions are detected by the
TOF masgs analyzer to agive sound experimental data, ever-
increasing ion abundances must be stored upstream

(particularly where more than one precursor icn 1s to be



fragnented and anal ysed). The need for high ion abundances wupstreamin the
first analyzer is in conflict with the fact that the greater the ion
abundance, the worse the resolution and accuracy of this anal yzer because
of space 5 charge effects. For energing high-throughput applications such
as proteomcs, it is inmportant to provide unattainable yet speeds of

anal ysis, on the order of hundreds of MS/MS spectra per second (as opposed
to present limt of 5-15). This in ifts turn requires both efficient,

space-charge 10 tolerant utilisation of all |ncon1n%p|ons and fast, on the
or déragfe edaﬁaﬁyéil@lm"e‘éhcththdPE%ﬁCHufélr prisbuiesr apupdantRsugh time of

fli Qllf)ts ?%{nyiﬁr En@NrieLT 2 QU ALL oM Sych. Sf@]ei%cls wifraR ey§la%0ua| | preceding

part the system nanely 1on trap and l'ision ce | d al so match
th|§h£5 $befareaneesbhvedonh@bmmﬁqﬁne SUnﬁqura@ftmhe | nventi on Against this
bacﬁ% and roma first gs ect, %ﬁgnt inv ntion resides in a

8er3P9n6c5pﬁ%§§ c%?dﬁgiéﬁ Compi%8i®g “an *P6f sour ce, an ion

Srara:h\m@h afzecﬁburabrtym@fgm@mgfgle tﬁh&ﬁig}@ms,ap@lcmlaltu&h@n cell and a
time of flight analyzer, the nmethod conprising: trapping ions introduced

froﬁﬂFﬁbaﬁoﬁr§689@écsanﬂtek%l%WP@F?#R?'T%éﬁﬁ@&d@oﬁ§a§63&§apéeeject the said
trapped ¢,@R%is ‘ﬂbﬁhéﬂ%§£| YoRr £ o 1+ b Ml h S eSRects t@ fhe direction of 25

el ongation of the electrodes, such that the ejected ions travel to the
col lspsicdrrac pelr; Sfar:agdrems ngpp@mdltm rochsced  1fimgr oife Si-@A)trap in the

CO|H|SIOH cel |l ; tP%SC% 5??9 ntegflégg% rom.t he ?P||ISIOH cell such that

theyr“traveltfo t T NEss aﬁélf? “ETang gﬁeratlng 30 the tine

10f'Hdnﬁﬂanmaaslamahyzeﬁ be @blaiﬁb@miﬁ§3uﬁﬂ£Q&kUEBs&f io@dnghkher ei n.
order of ms, analysis of each individual precursor m/z.
Though time of flight analyzers on their own allow such
speeds of analysis, all preceding parts of the system,
namely ion trap and collision cell, should also match this

15 so far unresolved challenge.

Summary of the Invention

Against this background and from a first aspect, the
present invention resides in a method of operating a mass
spectrometer comprising an ion source, an ion trap with a
20 plurality of elcngate electrodes, a collisicn cell and a
time of flight analyzer, the method comprising: trapping
ions introduced from the ion source, and exciting the
trapped ions so as to eject the said trapped ions
substantially corthogonally with respect to the direction of
25 elongation of the electrodes, such that the ejected ions
travel to the collision cell; fragmenting ions introduced
from the icn trap in the ceollision cell; ejecting
fragmented ions from the collision cell such that they
travel to the time of flight mass analyzer; and operating
30 the time of flight mass analyzer to obtain a mass spectrum

of ions therein.



5 FEecting ions fromthe ion trap, that may be a linear ion trap,
substantially orthogonally is a marked departure fromthe widely accepted
norm of axial ejection for tandem analyzer configurations. The concept of
ort hogonal ejection 5 has long been inplicitly considered far inferior to
axial ejection because ions ejected orthogonally have normally far greater
beam si ze than their axial counterpartss. This would thus require an

i nnovati ve apparatus for capturing ions, fragnmenting themand delivering to
ti me of fﬂjieghﬂnanabyzerfromOtAefuom h‘erawj stathiamaagdd sa tlh@etairgher ener gy

spr aoII:l QC resultin 21 rr§ t he éjrcm realised that far
gr edter “Tp&rs S Fi Be“a ]Pi?%%?i |]nsg %f‘ﬁ%@‘g& ep@]r éJtrl on and this
benefridm aae eatiawgzghctsbptéusadmnbag@xpél | &y g iheanckd tsingrmand hi gh- ener gy
ejection. In particular, orthogonal ection allows typically rmuch higher
ej e ZSf |C@P€ﬁ8Pé§tloﬁfﬁchTh?gﬁ%?—c%%%rp?a‘%féého%é’tatlerejc?&ﬁtlr%’l over ion

BOPYl Al 119y %%eWeEinP§§ctﬂ'tQE]eEo§Q§&§r&@af£xe GARaci dy - Mgaver, the

potential problemof the higher ejection energies may be 20 mitigated by
sendiyeritice biecetied ions eoect:edgfastlﬁmdldnemlll}cdiavs|rmrnwdmy Mhere they wll

| ose en in the_col |5| | ead to fragpnentati Ret ai ni ng
| on A s e JrEnghe™ RRERE FBhe IRt & 1o VAR nar row Mz
rangeiss rféejuﬂgeejaﬁcﬁ_ﬁdolvatlﬂé apyani ageotisr asap turildowsrshie net hod

optionally to conprise ejection, fragnentation and anal ysis of ions fromthe
ot he@ra%‘@néﬁn\geIthWaPPS\AfjﬁllivﬁéhQ%stW FHeutoF urii®rt fAndiv¥¢Tof the second

1’0r appi N ! Qi@sa§@'a§tﬁ&¥ be vRETHl RS NBSS-FPe A Plod ragnent ions 30
fromtwo or nore ffereént precursor ions nmay be coll ected
resulting ion beams.

However, the Applicant has realised that far greater
performance can be achieved using orthogonal ejection and
this benefit can outweigh the disadvantage of large beam

15 size and high-energy ejection. In particular, orthogonal
ejection allows typically much higher ejection efficiencies,
much higher scan rates, better contrecl over ion population
as well as higher space charge capacity. Moreover, the
potential problem of the higher ejection energies may be

20 mitigated by sending the ejected ions to the gas-filled
collision cell where they will lose energy in the collisions

that may lead to fragmentation.

Retaining ions of other m/z ranges in the ion trap
while the relatively narrow m/z range is being ejected is
25 advantageous as it allows the method optionally to comprise
ejection, fragmentation and analysis of ions from the other
relatively narrow m/z ranges without further filling of the

second trapping region.

This may be useful as mass spectra of fragment ions
30 from two or more different precurscor ions may be collected

rapidly, i. e. the method may optionally further comprise



rapidly, i. e. the nethod nmay optionally further conprise 6 sequentially

i ntroducing fragnent ions fromthe other narrow precursor ion mz ranges
into the time of flight mass analyzer and operating the time of flight mass
anal yzer to obtain a mass spectrum of the fragnent ions associated with 5
each precursor ion mz range. Subsequent further |ayers of fragnmentation
and analysis may be preferred, e. g. 6o provide nass spectra for al
precursor peaks. The advantages gained with retaining ions whilst others

ar e sgcndd agdy ahssobucénpofyrddmenth y@spetont dhehethiersnat@otr appi ng regi on

of Si; ' , e feth may . further conprise retaining
oth r%cgl(r%gg%otl%\%i %nﬂ?#%ﬁﬁ%ﬁ:ﬁ{?é?rr‘%}é?a‘%{ﬁer aogfgjeflojfg%ﬁ gnavsé‘sl ues in the first

t r appiaig zereghonophentéhgcthagtimaso iv fhight e dsntaevagdieat € or ange.

Pref erahly, substantigll% al_l #ong not within the 15 internedi ate range of

m z SPHIES 2aFESPefRPAGEMMBY L b Fi STHTT 110 aisar i@te Vv 6ikRe that nmay be

gsedadohrktagrert abhon/ef rhpgs. Jhes&@lddsianld 1m@%eoptai n  gas,
el ectrons or photons for _this purpose. tionally, thé method conprises
ej ectbiawperdas iProanEhanagsisnmey ape qnrd .t e Kd-nd0 ¢ energy of ions

ent eJ,i h ol.L.LLsi | . tantially to prevent

fra r#eoqn}ggtei %%.S%Prsg%glrtggl ggkt %gfr%tpﬁ%gpfﬁﬁ%ﬁgzonpri ses ejecting the
unfragnmented ions fromthe collision cell to the time of flight mass
anal yzer Tard adpehabtghg yhénkdneioh 2&tddnighd imss wanalsgzerhk@sobtain a
precursor, ion mass spectyum of the unfragnented ions. Preferably, the

t r agged SIGL S Bagj 8C£8dPEs SRI PY BB R M hedmiRGImE® 150 sedri5iSén trap into the

100! i reeldegi BRI 8 @hbOwenaRsi RET £@S e Hdb t HerRRace Hhag@aapaci ty of the
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may further comprise retaining other ions not within the
intermediate range of m/z values in the first trapping
region when ejecting ions within the intermediate range.
Preferably, substantially all ions not within the

15 intermediate range of m/z values are retained.

By collision cell, we mean any volume that may be used
for fragmentation of ions. The collision cell may contain

gas, electrons or photons for this purpose.

Optionally, the method comprises ejecting ions from the
20 ion trap such that the kinetic energy of ions entering the
collision cell is low encugh substantially to prevent
fragmentation. Preferably, the method further comprises
ejecting the unfragmented ions from the collision cell to
the time of flight mass analyzer and operating the fime of
25 flight mass analyzer tc obtain a precursor ion mass spectrum

of the unfragmented ions.

Preferably, the trapped ions are ejected as a ribbon
beam from a linear ion trap into the collision cell. This
allows an increase in the space charge capacity of the ion

30 trap without compromising its performance or speed or

efficiency of ejection. The collision cell preferably has a



30 trap without conmprom sing its performance or speed or efficiency of
ejection. The collision cell preferably has a 7 planar design to
accomodat e the ri bbon beam For exanple, the collision cell may be
designed so that the guiding field it produces starts as essentially planar
and then preferably focuses ions into a smaller aperture. 5 1n a preferred
enbodi nent, the collision cell conpriges a plurality of elongate, conposite
rod el ectrodes having at |east two parts, the nmethod conprising applying an
RF plotman idgsige Bot hopammedefeebba rbbamdoegppl oy exadiflfear ent  DC

potential -t h Lt _of ch rod. It _shaould he noted that. the plurality
neeﬁﬂﬁ%fxﬁégﬁﬁ%% f%glrggg &?tﬁ?ﬁlgﬁgdc%ﬁI%%ﬁ%ﬁgg%ﬁppiﬁﬁﬁ%iﬁg%ﬁ'the sane or a
di f fier godfeepotsentrital agaysbenpl ated, pbath  hend ammeOpe fedidifier ent DC
potential may be placed on_correspondi ng parts of the rods across the

pl urkGusSes Heds 8d 2m&F2ArE5 3BEbWPFi se appl ying a DC potential to a pair
of electrodes that sandw ch the conposite rods. In other enbodinents, the

gol I'i si oy cel b, O3 8mBoaShtnPf elec 5pg§§ | thonl Y vl tages applied
to themin oﬁaer tg provige annextract%ng ) d(%%nvé¥6%§a¥%%hs t owards 20

t he @x@tumddtiwurd ferlomgetie, cobinpssdhe cedd . e Rrefeydeyd yhawingy et hod conpri ses
operat.i an ion. detector located in or adjacent the jon trap to obtain a
nas§ﬁ§ﬁ%cﬁ?ﬁhﬁgfgfhe 5Fa885§°§oﬁg¢pﬁﬁfén é;%ﬁHQ§Elfg§erating the ion
det egdtn i lIOAIDD tA PATS sSPECERUM BHd 25 PraSeI iy i ONE fifed@prd in the
traqging region and operating the tinme of flight mass anal yzer to obtain a

mas PG s Umha loft ke Sty R§FEnPEJCRBRASIOHherein the scans forma NS/ MB
experi ment.

3 It should be noted that the plurality need not be all
the rods within the collision cell, Mcreover, the same or a
different RF potential may be placed, and the same or a
different DC potential may be placed on corresponding parts
0f the rods across the plurality. The method may also

15 comprise applying a DC potential to a pair of electrodes

that sandwich the composite rods.

In other embodiments, the ccllision cell comprises a
set of electrodes with only DC vcltages applied to them in
order to provide an extracting field converging ions towards

20 the exit aperture from the collision cell.

Preferably, the method comprises operating an ion
detector located in or adjacent the ion trap to obtain a
mass spectrum of the trapped ions. This may comprise
operating the ion detector to obtain a mass spectrum of
25 precursor ions trapped in the trapping region and operating
the time of flight mass analyzer to cbtain a mass spectrum
of the fragmented ions, wherein the scans form a MS/MS

experiment.

Optionally, the method further comprises optimizing the

30 operation of the time of flight mass analyzer based on the



Optionally, the nethod further conprises optimzing the 30 operation of the
time of flight mass anal yzer based on the 7a mass spectrum of the precursor
ions obtained by the ion detector. The ion detector is optionally
positioned adjacent the ion trap thereby to intercept a portion of the ions
being 5 ejected substantially orthogonal ly. Conveniently, the ion detector
and the collision cell may be positioned on opposing sides of the ion trap.
In a currently preferred enbodinent, the relatively broad range of niz
val uess s spefctttha ofdéheopr200r Fhr t poRHOgb tdimedroyrehhealitcer nati vel y be 400 to
4000, Th (Th: Thompson = lamu/unit charge). - 8 Oher optional features are
deﬂqﬁﬁ?q “the appended clains. Froma second aspect, the present invention
resides in a nmethod of tandem nass spectronetry using a nass 5 spectroneter
conpri si A4eaA chOReEBHEER, 1 8Nop LA BDy FosLoldisd Y iGRldntantiea time of
flight analyzer, the nmethod conprising operating the ion source to generate
i onstHain®y tAerebst feelPtBEEaBTtr anger o of \ilaudsens meddduci ng i ons

ener. L.Qr r i i » atd the 10 ion trap to
I o S R LA T s Dl - T

r el ataveltyormandowheangélofinhzcedl uesy lseighpdinatortdieyrare i ntroduced into
the collision cell %hihst. retaining other ions in the ion trap for
subSERBI%arfarysi 8T 5R&/ 6P™f Faghent ati on: operating the col lision cell such
that 15 ions introduced fromthe ion trap are fragnented; introducing
fragment 1ipns £re@nthe }5%%%&:@8 Erbbaimd O | Nehe tid®yafvdily ght anal yzer; and
operating the tine of flight
broad range of m/z values is of the order of 200 Th to 2000

‘' Th, or may alternatively be 400 to 4000 Th (Th: Thompson =

lamu/unit charge).



anal yzer to obtain a nmass spectrumof the fragnented ions. Froma third
aspect, the present invention resides in a 20 nethod of tandem nmass
spectronmetry using a nass spectrometer conprising an ion source, a first
trappi ng region, a second trapping region conprising a plurality of

el ongate el ectrodes, a collision cell, an ion detector and a tinme of 25 30
- 9 flight analyzer. The nethod conpréses a filling stage conprising
operating the ion source to generate ions, introducing ions generated by

the ion source into the first trapping region, and operating the first
trapping region to 5 trap a primary set of precursor ions introduced from
the ion source, the primary set of precursor ions having a relatively

| ar ge r afgéeof optz ovalluésatlire smetreodeffiimiele i nc aier isggseraled resltaims.

sel ection/analysis_stage .conprising. operating the first trappjng region to
10 eject a fi Pms§c8ﬁ8§P9 §EE§§FjoghFh8rﬁfﬁﬁgrﬁﬁ&ﬁngﬁon}ﬁ%§;ﬁ§éhlqons, t he
first segopdahyaselr ehnBERCHESAr seRS rofRirdd @l righterilrd ate range of nz

values, thereby to travel to the second trappingTegion while retaining
ot her> | spsctiromethy grmpaiyisgt asf ipnecorgoe.i @ms liom thad.i rast 15 trappi ng

region, Q ati.ng the.secand trapping_.egion to. trap ions fromithe first
secondar§B§35§é9%oFe§}eéﬁasgrEﬁgﬁsO%iEgﬁgégcgﬁaﬁﬁ&ﬁ he 'WgFSFF%pping
regi on, epabatisiggt Beeraningetaet Abnt @oRkicdl i A JERSS s3RE GlgHyM Ry idqapped

ions fromthe first secondary subset of precursor ions, and performng a 20
plurality sElptayrent Rered/ Zpaggsicd sVagesloestr dpse®dusns:g firu the fir st

secondar y 3URSEL 10L, PLEGUL 3B PR%e [REMRHIOY JURLNG, ST SER, diRecond

190 ion trap to trap ions introduced from the ion source and to
eject ions within a relatively narrow range of m/z values
such that they are introduced into the ccllision cell whilst
retaining other ions in the ion trap for subsequent analysis
and/or fragmentation; operating the collision cell such that

15 ions introduced from the ion trap are fragmented;
introducing fragment icons from the collision ¢ell into the
time of flight analyzer; and operating the time of flight
analyzer to obtain a mass spectrum of the fragmented ions.

From a third aspect, the present invention resides in a

20 method of tandem mass spectrometry using a mass spectrometer
comprising an ion source, a first trapping regicn, a second
trapping region comprising a plurality oI elongate

electrodes, a collision cell, an ion detector and a time of

3C



sel ection/anal ysis stage conprising operating the first trapping region to
ej ect a second secondary subset of the 25 primary set of the precursor ions,
t he second secondary subset of precursor ions having a different
internediate range of mz values, thereby to travel to the second trapping
regi on, operating the second trapping region to trap ions fromthe second
secondary subset of precursor ions 309 mroduced fromthe first trapping
region, operating the TOF analyzer to obtain a nass spectrum of trapped
ions fromthe second secondary subset of precursor ions, and performng a -

10 Pluralibye olnligggent aphontapabystomotages of chigppgdstags from the
second secondary subset of precursor 1ons. Each of the respective plurality
of fragnmeomatisnhg apatysisagsthgescnonpuirsestopgeatiraget hensecond trappi ng 5
region top g%g%t a tertiaré subset of precursor ions with a relatively

narrow ralge°BrchPg valie <8GbSt SRt PYI F5° SPENBYBAEFI Ykt iPFedpEet to the
directi oar%?lﬁhgngégaeﬂ 0£ndt85ef£€%%09§é §99QttB§EFF%§ %@gﬂo&t raduced

into the colliSion cell, operating the collision ce sdc hat ions 10
from5 hetrept fapyisabgesendf oprprarsvsoronsnej enteddficerh fivem skeondnt r appi ng
region are fragnggted .introducing fragnented ions fromthe collision cel
into t heSPHRESof “0F| PHATRERaPG2ePt BRGCUDEPAL FRGSt RBVERHeof flight mass
anal yzerr£ 0200210 daPBeSrsnget bEMPE Lheuksagmented ions, 15 wherein the
tertiary subsets of précursorf ions for each of the secondary subsets have

di fferent rel heveeynpdl fervbey couprovesangbiret spievalivedandlesdly, the
ternms 'primary', 'secondar er.to a struc%ured hi er ar chy

' d ! I \ f
of precuf %?e266F85§?1P9e?ggﬁgﬁlP%véﬁéﬁE?%%E EgaPB&Pga§FHQP§ 8rrow ranges

10 eject a first secondary subset of the primary set of
precursor ions, the first secondary set of precursor ions
having an intermediate range of m/z values, thereby to
travel to the second trapping region while retaining other
ions from the primary set of precursor ions in the first

15 trapping region, operating the second trapping region to
trap ions from the first secondary subset of precursor ions
introduced from the first trapping region, operating the ion
detector to obtain a mass spectrum of trapped ions from the
first secondary subset of precursor ions, and performing a

20 plurality of fragmentation/analysis stages of trapped ions
from the first secondary subset of precursor ions.

The method further comprises a second
gelection/analysis stage comprising operating the first
trapping region to eject a second secondary subset of the

25 primary set of the precursor ions, the second secondary
subset of precursor ions having a different intermediate
range of m/z values, thereby to travel to the second
trapping region, operating the second trapping region to
trap ions from the second secondary subset of precursor ions

30 introduced from the first trapping region, operating the TOF
analyzer to obtain a mass spectrum of trapped ions from the

second secondary subset of precursor ions, and performing a



of mz values, rather than successive stages of fragnmentation. As such,
-fragnentation is only perforned on tertiary sets of precursor ions. This
arrangenent is advantageous as it allows MS/Ms 25 experinments to be
perfornmed rapidly as only one fill from the ion source is required.
Moreover, dividing the precursor ions into increasingly narrow ranges of
mz values allows the ion capacity-ofidt he trappi ng regions and collision
cell to be optimsed within their space charge 30 limts. The nethod nmay
contain three or nore selection/analysis stages. Not all selection/analysis

st ages ngezqrbm%yd%fafragilneneb%%l/aﬁa%s'l@d%%% Y S RGIRYRE 11 anal ysi s

st ages. exanpl e, thé nmass spectrum obtained for a partlcular secondary
subset ofrpmetbeseeciods spaprdevealkubsley orfie poecnasopedlosisof | nt erest,

t hereby renoving,th sire to fragne tertiar subsets of precursor
i ons may be eF@gPeS% g%&nFFﬁQeEE& dngﬁﬁg Eﬁ PegitsAS gé mnth t enpor al
wi dt hs nghagyeeedsiggdl EemplPietar abkyatrthe teEPRERlnW Cét not exceed
5 ns, nore preferably 2 ns, still nore preferably 1 ns ang nost preferably

0.5 fs. W@gé@meto ehectoaf utégﬁem-’erd sbss tay mse@juef@toerd ignspwlides an t h
tenporalre$ng 1not %§%%eggg 19 Ever, |ncre s|n é eferred maxi num

t enpor al Wi at V t'Re pulses of FrgéneHFéHe PoRs RS Y2 nms, 1 ns and
0.5 ms. $heh@gbsa&1@¢am|ausIﬁesbé@gnwt ahioas réicreehl Wi @H@n@é@ﬂdrﬂ%@f flight
mass 15 apal yzer froman exit segnent of the collision cell. This paragraph
al so appFhesetlgctredest Reghushag &hsingrre iasredageds artver thikan the dual

trapping-Leghangy HAWVer anay ;her thal % 3403845 3kg1C03¢N il dons

10 from the tertiary subset of precursor ions ejected from the
second trapping region are fragmented, introducing
fragmented ions from the collision cell into the time of
flight analyzer, and operating the time of flight mass
analyzer to obtain a mass spectrum of the fragmented ions,

15 wherein the tertiary subsets of precursor ions for each of
the secondary subsets have different relatively relatively
narrow ranges of m/z values.

Clearly, the terms 'primary', 'secondary' and
"tertiary' refer to a structured hierarchy of precursor

20 ions, i.e. each level refers to increasingly narrow ranges
of m/z values, rather than successive stages of
fragmentation. As such, fragmentation is only performed on
tertiary sets of precursor ions.

This arrangement is advantageous as it allows MS/MS

25 experiments to be performed rapidly as only one f£ill from
the ion source is required. Moreover, dividing the
precurscr ions inte increasingly narrow ranges of m/z values
allows the ion capacity of the trapping regions and
collision cell to be optimised within their space charge

30 limits.

The method may contain three or more selection/analysis

stages. Not all selection/analysis stages need include a



particul ar secondary subset, the associated relatively 20 narrow ranges nmay
be chosen to span the associated internedi ate range of nfz val ues. These
relatively narrow ranges nay be inplenmented consecutively to step through
the internediate range. The mass spectrumrequired for each relatively
narrow range may be stored and processed 25 separately fromthe
correspondi ng nass spectra. Suitable iwnidths of the relatively narrow ranges
may be determined by reference to a pre-scan, i.e. a nmass spectrum or
spectra previously acquired by the ion detector or tine of flight nass
anal yzerpihall Wil o£00hakBaPsakstohghBhenestn,/JN81 301 sUREQUENt PBSS spectra
collected for fragnents may be set "to correspond to wi dthS including one or
nmore of ¢Xrmelepeahks. mThe spechriuonobtaihednfiss speartooeier may al so be -
12 tailored éor each tert'ar¥ subset of precursor i?ns ind t he

cor r espoRtT Ag T hgReRtel PhnBT eFUESOhparari TAY of St fid! sB8ROKIO Er 8ppPAg

regi on, sohkssbpNikeblednd theBeBy FeEhERingBEBe AB3LY¥EZefoMBYabRegel ,
specifically for the current relatively 5 narrow range of niz val ues. Again
t hi s 5par agr aphhemyeat sory appbyets eheprechvdousi agsamsyngeecieatedap rat her
t han du r i regi . Froma fourth as , b resent.invention
residesa#%O%aéﬁ%n%%%?ﬁ%sgggggg?goﬁ% éch%ﬁp Fggéé EhgﬁoﬁegﬁaFéé, an ion
trap, a planas aotl|éstendcryl 1andsa tpaefetablighthanssmppabyzeidcwherein
the ion trap conprises plurality of elongate el ectrodes operable to provide
a trappi #efiePE tHCeefap TOnsTPHErBHGERBAPEGNT t HE i BRidbuFPeESand to excite
trapped | t t exclLied.,.] jected f 15,{0n trap
SUbSt anty a5 o thogonsl Toot BoF Rl B St of ot Brongier 5 oF 't Fas

el edor odesaghdet il ahans coat i seoajeetedi ss pulses with temporal

10

widths not exceeding 10 ms. Ever increasingly preferred
maximum temporal widths of the pulses of fragmented ions are
5 ms, 2 ms, 1 ms and 0.5 ms. The pulses may push
fragmentations directly into the time of flight mass

15 analyzer from an exit segment of the collision cell. This
paragraph alsc applies to the method using a single ion trap
rather than the dual trapping regions.

However many tertiary subsets are chosen for a

particular secondary subset, the associated relatively

20 narrow ranges may be chosen to span the associated
intermediate range cof m/z values. These relatively narrow
ranges may be implemented consecutively to step through the
intermediate range. The mass spectrum required for each
relatively narrow range may be gstored and processed

25 separately from the corresponding mass spectra. Suitable
widths of the relatively narrow ranges may be determined by
reference to a pre-scan, i1.e. a mass spectrum or spectra
previously acgquired by the ion detector or time of flight
mass analyzer that will contain peaks of interest. The

30 subsequent mass spectra collected for fragments may be set
to correspond to widths including one or more of these

peaks. The operation cf the mass spectrometer may also be



operable to accept ions ejected fromthe ion trap substantially
orthogonally and to fragnent accepted ions; and the tine of flight mass
~anal yzer is operable to acquire 20 a nass spectrum of the fragnented ions.
The tandem mass spectroneter may further conprise an ion detector |ocated
adjacent to the ion trap and operative to detect ions ejected substantially
orthogonally therefrom The ion detegtor and the time of flight nass

anal yzer may be 25 positioned on opposing sides of the ion trap. Froma
fifth aspect, the present invention resides in a conposite ion trap

conprising,first and second ion storage volunes being arranged
subst ant FERLGTES- ARTFaPPFD LRETEEmr0FUPEREs Ode PERICHG ST TG at i tHhifough t he

first i oeomg;gﬁcﬁg v%{a@eﬁ@@d ntAst he gecond.i@n 31 Yraqe v Al the

first ion storage volu el ng definéd by an“entrance el ectrode at one 13
end and byappdognoegébect codé iati ohheedfthendendmet bd fanighancessd ect r ode and
t he common ﬁlectrode eingtoperable to provide a trapping field for

;
t r appi ng®FBh¥ZER TRE PEr SEt PBRCILIFAge YvdPunEDe RerRie St Led@ tdivsiidge vol une

further 3.¢eRR -SHRY @RE O [eetl ec S r ahl | Iyrapped ions
within a first rﬂzgrgangemgﬁcﬁ:gt Re8l. heades chier ghie I}:%p?féfdgétﬁéa ok ally

al ong t heppom pet hhentethbhd sedondai enngdeornage tvepune,thehe t$ecorthalon
st orage golune bein%.defined by the conmon el ectrode at one end and a
further &FBEPrBHe*®¥8°A 't he other end, the common el ectrode and the further

el ectrode berpgroperabkent aspeeyi dend pHrapehrg ibhehd ifer Ad-aprRidigd ons in
the second ion storage volune, the second ion storage 15 vol une further
conpri si agtangkear akisty spkcerongats ebeptrrisdey aoperablseuryeax@int e.cry apped
ion%iyjtgggp? %e%QQ%aQ’%oi??%?on cell and a time of flight mass
analyzer, wherein the ion trap comprises plurality of
elongate electrodes operable to provide a trapping field to
trap ions introduced from the icn source and to excite
trapped ions such that the excited ions are ejected £from the
15 ion trap substantially orthogonally to the direction of
elongation of the electrodes; the planar collision cell is
operable to accept ions eljected from the ion trap
substantially orthogonally and to fragment accepted ions;
and the time of flight mass analyzer is operable to acgquire
20 a mass spectrum of the fragmented ions.

The tandem mass spectrometer may further comprise an
icn detector located adjacent to the ion trap and operative
to detect ions ejected substantially orthogonally therefrom.
The ion detector and the time of flight mass analyzer may be

25 positioned on opposing sides of the ion trap.

From a fifth aspect, the present invention resides in a
composite ion trap comprising first and second ion storage
volumes being arranged substantially co-axially, the common
axig defining an ion path through the first ion storage

20 velume and into the second ion storage volume, the first ion

storage volume being defined by an entrance electrode at one



such that the excited ions are ejected fromthe second ion storage volune
substantially orthogonally to the direction of elongation through an exit
aperture. 20 Preferably, the exit aperture is elongated in the sane
direction as the electrodes. The person skilled in the art will appreciate
that many of the advantages described with respect to the first and second
aspects of the invention apply equallyyawel |l to the 25 conposite ion trap,
mass spectronmeter and tandem nass spectroneters descri bed above. This

i nvention may provide nmethods and apparatus inplenenting techniques for

obt ai ni ng n spectrametry data .faqr, multiple rent_ ions in a
singl e scgﬁ?.% %8{81 ﬁ%ﬁfo&%&ieﬁeﬁ%’,ocﬁ%}q gtvheentcftorheolf eeargfl’r gtgi%ybri d |inear
trap/ ti menefrafldeghtl oS BRPesid ARt i@t dRiMadsiofbaisiqbpastbn dybri d
mass spectroneters. The hybrid mass - 14 spectroneters may include a |inear
trap, a &6 PrSiVanle celUyarsirguifde pbdial ePrigS ecxiseln dife thfstar e
radially._ej | re.t . j e-of - 11 anal yzer.
In operatliogln,%%fo%%gerna%g%@%dcc%ﬁeualfaltfesg:piln&?ﬂs'e&gtaiﬁeﬁélqﬁréagmra%%ay be

ej ect®d/ eximpadtsdchoorirroganaldne sicdrt tdis alpdedsie apatdioe afrdfpeed
accunul ated ions . enter the coJlision cell, where they nmay undergo

col | i si on®™i tht ST & Jetr FadV/cr TGAES SURS A Ind s Tiye & xi ang e

col i si op4ceeldy and MY, %qotrfgg@m tied da i he,dd r@ié)fs‘éédrg{'tiéﬁss. -

anal yzer for analysis. "The hybrid nass spectroneters may be configured such
that a f sitlorfausgverniturgpedheumecamde cracjuinagre fuarl we hegimer utsibineédn even
when scanni ng over the _full ss range of _the linear trap.. This y be

achi eved By L5 GEERTa R TRT B (3 e e AT D1 FOR BrdiS/a 1S SRF @

10 at the

other end, the common electrode and the further electrode
being operable to provide a trapping field for trapping icns
in the second ion storage volume, the second ion storage

15 wvolume further comprising a plurality of elongate electrodes
operable to excite trapped ions within a second m/z range
such that the excited ions are ejected from the second ion
storage volume substantially orthogonally to the direction
of elongation through an exit aperture.

20 Preferably, the exit aperture is elongated in the same
direction as the electrodes.

The person skilled in the art will appreciate that many
of the advantages described with respect to the first and
second aspects of the invention apply equally well to the

25 composite ion trap, mass spectrometer and tandem mass
spectrometers described above.

This invention may provide methods and apparatus
implementing techniques for obtaining tandem mass
spectrometry data for multiple parent ions in a single scan.

30 In some embodiments, the invention features hybrid linear
trap/time of flight mass spectrcometers and methods of using

such hybrid mass spectrometers. The hybrid mass



15 analysis as well as by orthogonal ejection of ions fromthe |inear trap.
In sone enbodi nents, the TOF nass anal yzer may be of a type that has

"mul ti - channe

advant age" as well as sufficient dynam c range and

acquisition speed. It is 20 highly desirable the experinment to be done on a
time scale
chromat ography. This neans that acqui $#tion of data defining a |large area
of the M5/ M5 data space can be acquired on the tine scale on the order of

<1-2 seconds,
frane. T,
forth in

t he neanin
whi ch t hT45¢

appropriate to chromatography and, in particular, liquid

25 while each M5/ M5 spectrummght be limted by 1-2 ns tine-

detahleepPt QRg OFc-REE gnodigentsagf Lheohpygathon are set

he acconpanyl ng draw ngs and the description below Unless
ot her wi seetefiomedgunfié peshhicabd30candcstientphiscthernsraseddhedéiyn have

co nl nder st ood by one of ordinar il] inthe art to
P Bnt BE) DhBeS e A PR anfraats bt e BAESppPRES: | ans, © 15

pat ent s, iy Dé REr {f §pePsesoABNI bRReHaherel AcalRul1hRear par ahad by
reference in their entirety. In case of “conflict, the present
speciSf i chinonr tnepuding deyihet epastednektrgohedobreippenal éat eneh,

obj ect s,
descri pt

and
PE

A THE0 gl 2608 PE BBstrTPEFORTER TRBSDFRWPRGE el n t he

acconpanybpi §f a &g51 , FvBere dneég mayOQnﬁé@%baaalaighaﬁsvwgﬂhOB a ness
e

spectroneter according to an enbodi ment of t

i0

15

20

30

present 15 invention;

target gas or gases. Resulting ions may exit the collisgion

cell and may be transmitted to the time-of-filight mass

analyzer for analysis. The hybrid mass spectrometers may be

configured such that a full fragment spectrum can be

acquired for each precursor ion even when scanning over the

full mass range of the linear trap. This may be achieved by

proper matching of time scales of TOF analysis and LTMS

analysis as well as by orthogonal ejection of ions from the

linear trap.

In some embodiments, the TOF mass analyzer may be of a

type that has “multi-channel advantage” as well as

sufficient dynamic range and acquisition speed. It is

highly desirable the experiment to be done on a time scale

appropriate to chromatography and, in particular, liquid

chromatography. This means that acquisition of data

defining a large area of the MS/MS data space can be

acquired on the time scale on the order of <1-2 seconds,

while each MS/MS spectrum might be limited by 1-2 ms time-

frame.

The details of one or more embodiments of the invention

are set forth in the accompanying drawings and the

description below. Unless otherwise defined, all technical

and scientific terms used herein have the meaning commonly

understood by one of oxrdinary skill in the art to which this

invention belongs. All publications, patent applications,



Figure 2 is a perspective cross-sectional view of part of the collision
cell of Figure 1 with ions entering it along direction X, and shows part of
the electrical circuit connected thereto; 20 Figure 3 correspond to Figure
2, but shows an alternative collision cell; Figure 4 shows anot her

enbodi ment of the collision cell, whereas only DC vol tages are applied,
Figure 5 shows sections of two types of rod el ectrodes 25 that may be used
in the collision cells of Figures 2 Tand 3: Figure 6a shows an array of

el ectrodes akin to that of Figure 5a and the resulting potentials and Figure
6b adds indications of entrance points and exit points for ions; - 16

Fi gure 7PESeatSopamﬁewtand Fesdenvieewneintd aness hespeiot raoreet er according to

a further_enbodi f th resent invention; ure 8 is atop view and a
si de V|eﬁP89rBOﬁg§ ¥p§???5§€?§rléb¢6FH| &qﬁiﬁfékﬂ f%ﬂtQﬁﬁaéﬂﬁodinent of
the pr e&@ﬁtflh@\éenth@nprglsﬁwﬁes%e%ﬁ@&%a@:‘ﬂo@#' tink1as80 afesd Mty dde ion
trap; Figure 10 shows circuitry associated with the collision cell; 10

Fi gure 1Yléﬁoﬂ@ﬂﬁrpérna@th@rcﬁﬁéﬁuﬂﬁﬁ;a§§ﬁ@ﬁéﬁ%diNudfﬁdwaﬂiagﬂﬂ|Qﬁ on cell;

Fi gure § hows circuitr p.Ccreate o] r the .callision cell; and
Fi gure 15"hdWECRR P50 Ve 5ar cg SR8 ¢S osFO@l t ST a&o‘?ﬁd ng to an

enbodi neataefingke present invention. Description of Preferred Enbodi nents
One enbodi ment of a LTMS/ TOF hybrid nass spectroneter

10

Brief Description of the Drawings

In the accompanying drawings:

Figure 1 is a top view and a side view of a mass
spectrometer according to an embodiment of the present

15 invention;

Figure 2 is a perxspective cross-sectional view of part
of the collision cell of Figure 1 with ions entering it
along direction X, and shows part of the electrical circuit

connected thereto;

20 Figure 3 correspond to Figure 2, but shows an

alternative collision cell;

Figure 4 shows another embodiment of the collision

cell, whereas only DC voltages are applied;

Figure 5 shows sections of two types of rod electrodes

25 that may be used in the collision cells of Figures 2 and 3;

Figure 6a shows an array of electrodes akin to that of
Figure 5a and the resulting potentials and Figure 6b adds

indications cof entrance points and exit points for ions;



according to one aspect of the invention is arranged as shown in Figure 1.
It conprises: 20 ion source 10 of any known type (depicted here as an ESI
source) with transporting optics 20 that may include any nunber of

sel ection and transport stages, and may include differential punping stages
(not shown); Ilinear trap nmass spectroneter (LTMS) 30 with 25 el ectrodes
conprising Y rods 31 and X rods 32 and®33 with slots; optional electron
mul tiplier-based ion detector 40 that faces a slot in the rod 32, so that
the detector 40 can - 17 accept ions ejected radially fromlinear trap 30
through the shgtrén7reod 382topcohkishAl gekhabOvtbat ofagemagssi ot in the rod
33. The detector 40 and collision cell 50 nay face each other 5 and the

sl ot s me§PHet 6PMEebe¥ edpontihgIsFeeaafidrshapeemiphdiment| psi dhecel | 50

cont ai ns el a gas line 52, RF rod electrodes 53 and preferably
DC fieIdpg€§§$¥a%§ggggég?fodes (el ements) 54. The gap between LTMS 30 and

collision cel .50 negds to be puaﬁed bé at | east ,one, _and 10 preferably two
(not shown fof *SPRBIF i By3oF Br BFKg8PY 2sfages VoFYdPEr &r BRfSal punpi ng. Gas

used of or shebt -Bget 60| Lb8bPRi R8I 058 Govl dubendif EReAL mbheMuthahel N LTVG 30,
exanpl es 1 ncluding nitrogen, carbon di oxide, argon and any other gases; 15
i on beanpsfapilhgineasesoBd | ocated on the exit side of the collision cel

50 to influence ions exiting the <collision cell en route to the TOF nass
anal yzer 70; Figkrenssshoebyzercédirprafevabbhyedf wibhl ahthdganakarpt;ype,
conprising a pusher 75, a flight tube 80 with

Figure 10 shows circuitry associated with the collision

cell;

10 Figure 11 shows alternative circuitry associated with

the collisicn cell;

Figure 12 shows circuitry to create DC voltages for the

collision cell; and

Figure 13 shows an ion source and composite ion trap

15 according to an embodiment of the present invention.

Description of Preferred Embodiments

One embodiment of a LTMS/TOF hybrid mass spectrometer
according to one asgpect of the invention is arranged as

shown in Figure 1. It comprises:

20 ° ion source 10 of any known type (depicted here as
an ESI source) with transporting optics 20 that may include
any number of selection and transport stages, and may

include differential pumping stages (not shown);

. linear trap mass spectrometer (LTMS) 320 with
25 electrodes comprising Y rods 31 and X rods 32 and 33 with

slots;

. optional electron muitiplier-based ion detector 40

that faces a slot in the rod 32, so that the detector 40 can



20 (optional) ion mrror 90, and an ion detector 100. Accordingly, ions
enter the TOF analyzer 70 fromthe |l enses 60 and their direction is changed
by the pusher 75 through 90 to travel towards the mirror 90. The mirror 90
reverses the direction of ion travel such that they are directed to 25 the
detector 100; and data acquisition system 110 acquiring data from
detectors 40 and 100. The spectroneter is enclosed within a vacuum chanber
120 that is evacuated by vacuum punpsli’ndi cated at 121 and 30 122. - 18

One inplenentation of a method of using a hybrid nmass spectroneter as shown
in Figure 1 to obtain tandem nmass spectronetry data for multiple parent
ions in acsépgl eossanjent bl newiheldesedimbednebp epepativofhrbulh kers are
produced by any known ion source 10 (MALDI, ES, field ionisation, EI, C,
etc.) andpass?thPOudhi transporting optics/apparatus 20 to LTMS 30; 2. lons
are accunul ated and trapped in the LTM5 30. This may be done in one of two
ways. 10 a. Prefer@plyisapnagebhubfctiarnfesnsral stacCinmetRodod $3enpl oyed,

as descrifedalVedeopeMaLlg, &y €00 M1 BEEMpb] PRo3: BL2L028 TNE

mul tiplier base ect or can be usdd AsYneahs 6 Medsuré the nunber

of i@ns aneubhkasedtsnmaypbel b paryeeypraiAgNtiker asalbnkpewn @@ i nj ection
time allowing estimation of the rate of accunulation of ions in the |inear
trap 30 afHlifherefore PReCOPERABE RBNCTHELEPRORLti AeIR8r 1ERE ABinRF

experi mepf,y é?@ét?&ﬁeéc§9”2£8t89ek8r£ﬂfy'beeéﬁeE&aBux§93a§9”E known time and
then ejected fromthe |inear
electrodes (elements) 54. The gap between LTMS 30 and
cellision cell 50 needs to be pumped by at least one, and
10 preferably two (not shown for simplicity of drawings),
stages of differential pumping. Gasg used for filling
collision cell 50 could be different from that in LTMS 30,

examples including nitrogen, carbon dioxide, argon and any

other gases;

15 ® ion beam-shaping lenses 60 located on the exit
side of the collision cell 50 to influence ions exiting the

collision cell en route to the TOF mass analyzer 70;

. TOF mass analyzer 70, preferably of the orthogonal
type, comprising a pusher 75, a flight tube 80 with
20 (optional) ion mirror 380, and an ion detector 100.
Accordingly, ions enter the TOF analyzer 70 from the lenses
60 and their direction is changed by the pusher 75 through
90° to travel towards the mirror 50. The mirror 90 reverses
the direction of ion travel such that they are directed to

25 the detector 100; and

. data acquisition system 110 acquiring data from

detectors 40 and 100.

The sgpectrometer is enclosed within a vacuum chamber
120 that is evacuated by vacuum pumps indicated at 121 and

30 122.



20 trap 30 such that sone are incident on the detector 40. Such an
~arrangenent corresponds to that of a "conventional" radial ejection LTM5S 30
according to US 5,420,425. In this arrangenent, ion ejection can be mz
sequential. This allows for correction of the mliz 25 dependent gain of the
detector 40 in the estimation of the ion-injection tinme need to fill the
linear trap 30 with the desired numsbams of ions having a chosen niz range.
Al ternatively, the detector 40 can be nmounted at the termnal end of the
linear trap 30 and the ions can 30 be ejected axially en nasse to the

detector 40 fohe 9RLECkEAroSHI HRT LONCARACER! LAl 0f L AGUIDGL of ions -

19 - trapped to in I near trap ternatively, “the opti mal
accunul aspenttrbnetkor aa spbweniexpegument. canobeadst icamidecth hased on t he
total ion current detected in a}enevious experinment. 5 3. During the

i nj ecti oRPEFCFORETFHt B2FRetPFNBRLCEPAF BOLCRRuXPIParly FolSiages &@dadband

wavef or "g) 18r goaPRL 8dstoibhe. rod ghechiodas 31-33 to control the nmiz range
of precursor ions initially stored in the linear trap 30 (in a like rmanner

to h a,conv Lon i 8.0 a : 4. After .i.on,i.njection,
furt%%@ éuxilﬁgbb ngt§§§§“§§9 %g ngpkﬁggniiggr SPEF%;lg_ngﬁgﬁf better
sel ecti oBsof fibedniznt aageoar kanges, etcpneaundseass @mscughbe anal yzed; b.
sel ect a particular narromlyiz range of precursors 15 so as to select a
singl e i bA2BPREFESNBoPPEGST BRPAEPEEFesy &RdLEMEN 3&%cite and fragment (or
react) that species to produce fragnent or product ions. This procedure
may be répeat é8ng AuRbercohulphed ppd2yraprgd in the LTMS 30. This

may be done in one of two ways.

10 a. Preferably, an automatic gain contrcl (AGC) method
is employed, as described by J. Schwartz, X. Zhou, M.
Bier in U8 5,572,022. The multiplier kased icn
detector 40 can be used as means to measure the number
of ions accumulated in a preliminary experiment for a

15 known ion injection time allowing estimation of the
rate of accumuiation of ions in the linear trap 30 and
therefore the optimal ion injection time for the main
experiment. Ions are accumulated in the linear trap
for some known time and then ejected from the linear

20 trap 30 such that some are incident on the detector 40.
Such an arrangement corresponds to that of a
“conventional” radial ejection LTMS 30 according to US
5,420,425. In this arrangement, ion ejection can be
m/z sequential. This allows for correction of the m/z

25 dependent gain of the detector 40 in the estimation of
the ion-injection time need to fill the linear trap 30
with the desired number of ions having a chosen m/z
range. Alternatively, the detector 40 can be mounted at
the terminal end of the linear trap 30 and the ions can

30 be ejected axially en masse to the detector 40 for

detecticn, estimaticon and control of the number of icns



to performa Msn experinment (MsSn-2 M5/ MS). These Msn-2 20 stages of

. i1solation and fragnentation are substantially identical to how the first
MBn-1 steps are perforned wth a conventional LTMS during a Msn experinent;
or c. otherwi se mani pulate or extract ions within the l|inear trap 30. 25 5.
After ion accumul ati on and mani pul ati on steps, precursor ions are ejected
orthogonal ly such that typically at kLeast half of the ions exit the towards
the collision cell/planar ion guide 50. This ejection can be performed in

a nunber of ways: 30 a. the trapped ions may be extracted as a group; - 20

b. ions may bergxpeactediflensel egtivel ¥yagngdhor mz sequentially; and c. if
ions are extracted nmz selectively or mz sequentially, it is particularly

useful for the.ionAbtdenacioely) thedepecnat haccomslekithngitrhe fbirnear trap
30 in the opposite direction fromthe i Si in effect, the

h [ ] |1
detector 40 i STeasRr b RERT cBRTyOF hesC BRREFS hBRPESf OPhEPEr AOEEY i ons) |

Thi s recordedishgfdlreABYdbe4E8E 1R RrO¥EHEoAsPERBHESRENLON MASS spectrum
10 6. In contrast to sonme known trap/ TOFMS arrangenents (e.g., US 5,763,878

Oy 95 Franzenneri b fd0024 00929800V e TRELE. chOngiAXLEACLE] Ghom [he
the coll p

linear trap 30 are"directed 1i1nto I sion cel anar 10n guide 50
wher e t hayxwt L aryundet goesolbrsadbanai vave foges) gasenabptukdstpr oieded in

the 15 collisjon cell (typically N trogen, Argon, and/or xenon). Generally
these coPPR st bREELPRFSeLuts TR SORFEBt theoft Fof B9<] AAUEEHCHFESSS atl on of
these i 0p8psUDhEESaSPECEBbred in the linear trap 30 {(in a like

manner to how a conventional LTMS 30 is operated);

10 4. After ion injection, further auxiliary voltages may be

applied in crder to:

a. effect better selection ¢f the m/z range or ranges

of precursors ions to be analyzed;

b. select a particular narrow m/z range of precursors
15 so as to select a single ion speciles (or few ion
species) and then excite and fragment (cr react) that
speclies to produce fragment or product ions. This
procedure may be repeated a number cf times (n-2) =so as
to perform a MS® experiment (MS™? MS/MS). These MS™?
20 stages of isolation and fragmentation are substantially
identical to how the first MSn-1 steps are performed

with a conventional LTMS during a MS" experiment; or

c. otherwise manipulate or extract ions within the

linear trap 30C.

25 5. After ion accumulation and manipulation steps,
precursor ions are ejected orthogenally such that typically
at least half of the ions exit the towards the collision
cell/planar ion guide 50. This ejection can be performed in

a number oI ways:

30 a. the trapped ions may be extracted as a group;



care is taken to ensure the kinetic energy of the ions entering the
collision cell/planar ion guide 50 is very low. 20 Such | ow energies could
be useful for providing a precursor ion mass spectrumin TOF, and may be
achieved by using low RF voltages (with the paraneter g of the Mathieu
equation typically <0.05...0.1) . For CID of ions, values g>0.2...0.5 are
preferable. 25 7. The resulting fragnment -i ons | ose kinetic energy in
collisions with the target gas. The RF field in the collision cell 50

provi des strong focusing of the ion notion about the central plane of the
cell 50. Superpose fiekds i.an (o] r or _dr ed al ong the
pl ane of 30 t%% ceﬁFggbmg c%%tﬁgiggﬁgfaei/% F%geggﬁw%%#bﬁg%§%%7§b%%s a
"focused" or eellietmtiadlljeamndThe sane action could be also - 21 achieved
by DC-only configuration that nmakes the collision cell |ook anal ogous to an
ion mobility @rift jttuhencse®e @xracPedChgdmel edt iRRi1h Ybor WO P8/ 56029 and
WO 00/70335). Unlike the latter, separation of resulting fragnents
accordi ng to Seuentobillyti 68 iis pertpgrdasdyorsedidr ded then itdre contrary,

t he in objective.is the fastest of.the order _.of 0.5-3 . transit of ions
mﬁthqﬁininun1§§F§§505f4§rFPt%FE§€§ Fﬁguéﬁnbwﬁfﬁgﬁgﬁegpﬁigiﬁqﬁﬁa*?W%rnal and
ki netic energBes:in8thkobppiR) cexidt rtbeieal Firdmonheeklb13G dikrore10f two 10
nmodes: a. ions may be allowed to | eave the collision cell 50 as a

conti nuous beddwRiEERCEs woGudstegtrn PRt wadilt Peaghdemty rdicstidivoiticoon as t he

mz and type +RLEeeURSOor - ians e d. m t he, l.i_near Q js.scanned
(or 15 steppe%}?gﬁt%%%zlgfbg%%xﬁégggggtﬁé@ggfagggﬁfs%'F%%%%ﬁ?z%ﬁ%ﬂﬁﬁ dual
precursor ionmagube exietl thepeellide anpeteklurscr ion mass spectrum.

10 6. In contrast to some known trap/TOFMS arrangements
(e.g., US 5,763,878 by J. Franzen or US-A-2002/0092980 by M.
Park, ions extracted from the linear trap 30 are directed
into the ccllision cell/planar ion guide 50 where they will
undergo collisions with target gas molecules provided in the

15 coilision cell (typically Nitrogen, Argon, and/or Xenon).
Generally these collisions will result in a prompt
collision-induced dissociation of these icns, unless special
care 1is taken to ensure the kinetic energy of the ions
entering the collision cell/planar ion guide 50 is very low.

20 Such low energies could be useful for providing a precursor
ion mass spectrum in TOF, and may be achieved by using low

RF voltages (with the parameter g of the Mathieu eqguation

typically «0.05..0.1). For CID of ions, values g»0.2.0.5 are
preferable.
25 7. The resulting fragment ions lose kinetic energy in

collisions with the target gas. The RF field in the
collision cell 50 provides strong focusing of the ion motion
about the central plane of the cell 50. Superposed DC
fields cause ions to be drawn or dragged along the plane of
30 the cell 50 such that they exit the collision cell 50 as a

“focused” or collimated beam. The same action could be also



50 within 100-3000 m croseconds after the precursor ion entered the
collision cell 50; or b. the fields (typically DC fields) nay be varied 20
dynami cally so that fragnment ions are accunul ated and trapped briefly (10
mlliseconds or less) and extracted or released as a concentrated and
relatively short pulse of ions (within 100 m croseconds or less); 9. lons
exiting the collision cell/planar ien2guide 50 25 traverse to the pusher 75
of the TOF mass anal yzer 70 though |enses 60. 10, TOF mass anal yzer 70,
preferably of the orthogonal type, separates resulting fragnents accordi ng

Lo their, IReSsed 050N 08,1001 G ¢ AOLLLE DS ALL ORLLL RS angs { pgOLAS thei r 30
arrival tinmes and 1ntensitieS UsIinmg an analog-to-digifal “converfer. The
repetiticelY al@ok cand hhgowex pes i arentos hestb il 3 t 2 2dr bt ht gbe ensagh &ogt epr esent

accurately the changing$n1z distribution and_intensit the fragnents

f
i ntroduced $YIMSE he' cofttsion ¥RIPFprada? 2ok ‘&‘&i%l%/%%?’g%'soﬁﬁll e _
i mpl errertt,@élpme%,heséﬁéﬂmnb@fV@@g@ﬁgﬁ?%é@n&%" seaﬂéifé?yeeul d be in

t he range of 50-1000 m croseconds. If ons ~are rel ease omthe
col | Bsi amretdbBlitiea el sed pudeyedtderetberted ggeonnghef coherdOF, scans

can be tinmed to orrespond. to when the rel eased fragnents wil| be present
Cn the TE RIS TR0 4 THAGFAEOERT | i Ut dOHAEE prbobeted By Hat a

acqui si td 0dhs Sy s em ddd M‘b&}@hnf@ﬂﬁ@rﬁts_?%fé‘é‘dr@fv &+ i pieasi Eyodgha into
mass spectral data (mass-intensity). ese data can then be transferred to
a dat a stirmgecwsst apad yshse conpererl (ot kihowh) shereisari ous nass
spectral data analysis and 15 searching tools can be applied to analyze the
dat a. 8. Ions may exit the collision cell 50 in one of two

10 modes :

a. ions may be allowed to leave the collision cell 50
as a continuous beam which is modulated in intensity
and m/z distribution as the m/z and type of precursor
ions ejected from the linear trap 30 is scanned (or

15 stepped). It would be expected that fragments from an
individual precurscr ion would exit the collision cell
50 within 106-3000 microseconds after the precurscr ion

entered the collision cell 56; or

b. the fields (typically DC fields) may be varied

20 dynamically so that fragment ions are accumulated and
trapped briefly {10 milliseconds or less) and extracted
or released as a concentrated and relatively short

pulse of ions (within 100 microseconds or less);

9. Ions exiting the ceollision cell/planar ion guide 50
25 traverse to the pusher 75 of the TOF mass analyzer 70 though

lenses 60.

10. TOF mass analyzer 70, preferably of the orthogonal

type, separatesg resulting fragments accerding te their mass-

to-charge ratio, determines flight times and records their
30 arrival times and intensities using an analog-to-digital

converter. The repetition rate for this experiment should



The hybrid LTM5S- TOF nmass anal yzer of Figure 1 can be operated in a variety
of nodes: 1) for all-mass MS/M5, the RF of the LTM5 30 can be scanned
continuously with TOF anal yzer 70 generating 20 fragnent ion spectra for
consecutive precursor ion mz wndows; 2) alternatively, also for all-nass
M5/ M5, the RF of the LTMS 30 can be scanned in steps, with each step
corresponding to sone suitably narrowzerecursor mz w ndow. 25 For each
step, a corresponding narrow niz wi ndow of precursor ions (e.g. isotopic

cluster) is ejected fromthe linear trap 30 and fragnmented in the planar
ion gui dg.and 41CekldhShon £ enknere. varie fos tp acconplish
this (ninF RFgﬁa%%E 5hthgﬁ&ﬁggﬁngeﬁfgﬁg%ﬁﬁﬁﬁi% FEE%E%%VE%%§%ﬁ£epS of the

r esonancédieedbuan ovnolath@gentreasiayw ldndher Examree sejietrioain sy efamm pul ses
etc.). Thﬁ@preignsor - 2% i%ns enter the planar ion guide/collision cell 50
and ~ fragrenCOlptEden e lhdy 58 eac GRUPEEE &Yd t r&bS&dead] acent to the

back end;ph1thenealliicsison t¢el i P rvEeyedhe drh e fjeatRd gy au3e to the
pusher 75 of the TOF analyzer 70 5 and mz analyzed in a single TOF

exper’ nesthiouldt bbeann apyer opricat e fr €$oll¢ichg Miowsrsegondse TOE drad yizers 70,

i sotopic attern of all peaks in.the mass.spectrumw|l, be resplved to
allom/chgfge* ﬁ&?gegegéPﬁﬁﬁiFiSﬁaléleFrCF3§> gMijéhéﬁﬂﬁi %or all-mass
MEn/ MS, LB 3Be 1Qicgerhiequesd cher T¥En doarddheadsyal twayeq ard then fragment
ions produced in the collision cell 50 can be anal ysed as above; and 4)

for MS-oRPYr@sresti ¢e wheni ghenged casedr AepImesdsurdidnts, pirewerdvem t he
full 'z panggcandhe stered in

10 11. The resulting data are processed by data acguisition
system 110 which converts the raw time intensity data into
mass spectral data (mass-intensity). These data can then be
transferred to a data storage and analysis computer (not
shown) where various mass spectral data analysis and

15 searching tocls can be applied to analyze the data.

The hypbrid LTMS-TCF mass analyzer cf Figure 1 can be

operated in a variety of modes:

1) for all-mass MS/MS, the RF of the LTMS 30 can be
scanned continuously with TOF analyzer 70 generating
20 fragment ion spectra for comnsecutive precursor ion m/z

windows;

2) alternatively, alsc for all-mass MS/MS, the RF of the
LTMS 30 can be scanned in steps, with each step
corresponding to some suitabiy narrow precursor m/z window.

25 For each step, a corresponding narrow m/z window of
precursor ions {(e.g. isotopic cluster) is ejected from the
linear trap 30 and fragmented in the planar ion guide and
collision cell 50. There are a variety of ways to accomplish
this (mini RF ramps and then hold pericds, mini frequency

30 sweeps of the resonance ejection veltage, narrow band

resonance ejection waveform pulses etc.). The precursor



15 the LTMS 30 using the mninmum necessary RE' field intensity and then
ejected with a weak broad-band di pol ar excitation. Then, the kinetic energy
of the ejected ions can be nade | ow enough to avoid fragnmentation in the
collision cell/planar ion guide. An alternative approach to the ejection of
ions 20 fromthe linear trap 30 at low kinetic energies is to superpose a
weak DC dipole field oriented in the-Xedi nension (and perhaps superposing a
smal | DC quadrupole field at low RE voltage so that high niz ions renain
stable in the Y dinension) and then very rapidly turn off the RF trapping

25 potentichs aRpdieehsOoplfBarodog! 86tHOMES1 Bls:38  cePLNED gghenes are al so
possi bl e. Above all, the instrunment could be used for "traditional" ion

trap typefMBmerikper Freaments veY | be Eapodinkatedofndherspbefiskénacent/ pl anar

ho the oI FA PRt r5ae 8B thEr o f AT oreL £ Eht cdteY oft e bASN he 11 near
trap 30 topassdtnthepcosdi sbotheebhshOriss 6f ongat edri ankhez&rdiynection, a

speci al arrangenment of collision cell 50 (as indicated above) is necessary
to afcepdnd he/ i pbohyFeReibeant o291 onEORexREr HESRF on¥iBB 80| i near trap 30

and focus_11_.] t] ired e, gchal are
mich mor PG AEE HERC AR PaTa R EaH Y mar Rl EE 5y fReBte
US- A- 5, 8472386y USE AalD, 4ddx250n tiTe AnBs316pd68rutlSyAl 2002/ 08631288 and
others. A planar RF ion guide can be used for this collision cell 50 10 to
provi de a*REHIPYI AP FERI dCRETi AYtaFmER3kH®TFal |y planar structure. The
collision cells 50 shown in Figures 1 and 2 are conprised of rod pairs 53a,
53b with 3l t er hR¥ i FRP REOWRhIBEUONC tA@NPT TheF ealb-mank d¥SVARS etyT K pl anar
1on g can be used for MS" in the usual way, and then fragment ions
produced in the cellisicn cell 50 can be analysed as above;

and

4) for MS-only detection or high-mass accuracy
measurements, ions over the full m/z range can be stored in
15 the LTMS 30 using the minimum necessary RF field intensity
and then ejected with a weak broad-band dipolar excitation.
Then, the kinetic energy of the ejected ions can be made low
enough to aveid fragmentation in the collision cell/planar
1on guide. An alternative approcach to the ejection of ions
20 from the linear trap 30 at low kinetic energies is to
superpose a weak DC dipole field oriented in the X dimension
(and perhaps superpeosing a small DC quadrupole field at low
RF voltage sgo that high m/z ions remain stable in the Y
dimension) and then very rapidly turn off the RF trapping

25 potentials applied to the red electrodes 31 -33.

Other schemes are also possible. BAbcve all, the
instrument could be used for "traditional" ion trap type MS"

experiments as well.

Embodiments of the collision cell/pianar ion guide 50
30 will now be described with reference to Figures 2, 3 and 4.

As the slot in electrode 33 that allows ions ejected from



gui des that may be constructed. In the ones shown, opposing 15 rod

el ectrodes 53 have the sane RF voltage phase. A substantially equival ent
ion guide 50 would result if opposing rod el ectrodes 53 had opposite RF
vol t ages phases (adjacent rod el ectrodes 53a, 53b still have opposite
phases). The i nhonogeneous RF potential constrains the 20 notion of ions
about the central plane of the ion gukde-50. Superposed DC potentials are
used to provide focusing and extraction of the ions within the ion guide 50
such that ions exit as a beam of nuch snaller cross-section. Trapping of
ions in the tohbhsi epapebb B8 Eagsbeoaehbe&@dlégléﬁ PeQYi diong sDC potenti al
barrier at its end. In fact, collision cell 50 need not trap ions, but
coul d beelgedated inaghent- d@ﬁgcésonhey spavéklt hroaghen®he pfanar RF ion

gui des 5 eer pat nt.i. al radient s constructed in many
ways. Thgor%f$o§#nge# Iugg aFegndl ﬁ%g ggﬁegflﬁhgégesffrﬁhg “DC of fsets on
each pai &ceéptotlBe53abbbdblake phamedf hBnsuehaaavayqt igbmachwo di mensiona

potentlal well is - 25 forned acting in the direction normal to the axes of
the rfod l&nee¥rbHas B8 eﬂﬁefzcasnéﬁsnaﬁo|ﬁ FigheebanchagegpiredabyDC fiel d

to dra“’%@?Méonsﬁgégg ﬁgfléﬂ PE' |e géhnﬁxrgege@%ﬁﬁﬁﬁg gﬁgﬁuBﬁrggs'”g a DC

"field sag" onto usl el enment a an d&scri bed
for the adﬁﬁéssaﬁebylﬁ 8. AEpThempsem asd, Cuk-adegl Bhf7e 3865 Batant No.
6,111, 250, and B. A. _Thonpson and C. L. Jollffe US Pat ent. No. 5, 847, 386.
The strehgthl ?59h|§5e§f§a§%5036§vep§ P5208pERAEAL 2887 Pﬁ@ ofBFEEge, Ashape

and pos'?i?ganRFh§oﬁ|§H§853 ”ﬂsé bgoandy éocbﬁﬁlg§8ﬁeEEX10 oRF rods
53; 2) f el enents 54a an can be shap ed”i

10 to provide a RF guldlng fl°1d having an essentlally planar
structure. The collision cells 50 shown in Figures 1 and 2
are comprised of rod pairs 53a, 53b with alternating RF
phase on them. There is a wide variety of RF planar ion
guides that may be constructed. In the ones shown, opposing

15 rod electrodes 53 have the same RF voltage phase. A
substantially equivalent ion guide 50 weould result if
opposing rod electrodes 53 had opposite RF voltages phases
(adjacent rod electrodes 53a, 53b still have copposite
phases). The inhomogeneous RF potential constrains the

20 motion of ions about the central plane of the icon guide 50.
Superposed DC potentials are used to provide focusing and
extraction of the ions within the ion guide 50 such that
ions exit as a beam of much smaller cross-section. Trapping
of ions in the collision cell 50 may be achieved by

25 providing DC potential barrier at its end. In fact, the
collision cell 50 need not trap ions, but could be used to
fragment ions as they travel through. The planar RF ion
guides 50 with steering DC potential (gradients) may be
constructed in many ways. The following illustrates a number

30 of these:

1) the DC offsets on each pair of rods 53a, 53b are chosen

in such a way that a twc dimensicnal potential well is



di rensi ons (not shown) in such a way that both the potential well in the
Z-direction and the axial field along X are fornmed due to its associated DC
"field sag" inside the ion 15 guide 50. This requires rather high voltages
to be applied to the field elenents 54a and 54b; 3) an alternative approach
to the one depicted in Figure 2 is where the rod electrodes 53 are oriented
perpendicularly to the direction the2?Pons will be drawn out of the ion
guide 20 50 (along the Z axis as shown in Figure 3) and the DC potenti al
wel | to cause focusing is created using "field sag" fromfield elenments 54a
and 54b (&rgadead}tingnihhthe dppeeadcbnt herexlr aet kbe kixelsd ofay Hee rexdeat ed by
appl yi ng |ncrenentall different DC offsets on each adjacent rod 25

el ectr odel88-ragegopia FP? Ehfoli§RSAPPaAfe MRt Ca2das- P PEE 1BB33n R

col I'i si oelew' tocquhd PReUsBHs REoug! EREEPANCALEARAS nEhopk! ode 56 and

field electrodes 57 are chosen 1n sich a way that a retarding force directs
i ons towardstéetebgentpakr88iagi s DL Pﬁee&dlbag#onntelRF Suel o asdesy ar e

created fie W th_positive curvature i d|r ction qrthogonal - 26
al ong thgxﬁ% gﬁﬂenaﬁcégalﬁﬂdtg Eaﬁ?aé@sgaﬁgﬁgoEOFoF CeP&dfro c fields,
negativeiGUEVAL UtRoRbOBE bhE axis. gokeErexampl @atéH‘EhN@a ficehd 1, 9sereated by
the potential distribution of the type: 1172 22 5 Ux,Y,2z) =k x 2 C1

Y2+Z2 + &NQ+ETA Whempkan] end ok - pé@ﬂﬂﬁﬁe,lﬁﬁsPakeP§ e &hﬁé@bﬁ@ﬁ -.of ion
ej ection £Z s dir ctl ng.t.he ej.ecti slot .in el ectrode
33 and yTﬁs ?Eg r 56855t K& 5?8?105Y9 %%8 rEe ﬁﬁQF e ons of
colIlSI0ﬂo¢eh@eelgﬁap@daﬁd55051tlon of the elements 54a and 54b, and

10 the geometry of RF rods 53;

2) field elements 54a and 54b can be shaped in two
dimensions (not shown) in such a way that both the potential
well in the Z-direction and the axial field along X are
formed due to its associated DC “field sag” inside the ion

guide 50. This requires rather high voltages to bhe applied

[
wn

to the field elements 54a and %4b;

3) an alternative approach to the cone depicted in Figure 2
is where the rod electrodes 53 are oriented perpendicularly
to the direction the ions will be drawn out of the ion guide
20 50 {along the Z axis as shown in Figure 3} and the DC
potential well to cause focusing is created using “field
sag” from field elements 54a and 54b (Figure 3). In this
approach the extraction field may be created by applying
incrementally different DC offsets on each adjacent rod

25 electrode 53;

4) for a fly-through arrangement, a gas-filled DC-only

collision cell could be used. DC voltages on entrance

electrode 56 and field electrodes 57 are chosen in such a

way that a retarding force directs ions towards the central
30 axis of the collision cell. Such forces are created by

fields with positive curvature in the direction orthogonal



10 iny and z directions correspondingly (see Figure 4a). To match

ri bbon-shape entrance beamw th preferably circular shape of the output
beam Y and Z could slowy change along the direction x, starting from Z>>Y
for the entrance electrode 56 and finishing with Z~Y at the exit fromthe

15 collision cell. 50. Due to high energy of ejected ions and absence of
any requirements on ion nobility separdion, ions could be also injected
orthogonally into the collision cell 50 as exenplified on Figure 4b. The

potential distribution in such cell could be approxinmated by a simlar
formul a: a2 ohgl theX axd s 2dY( actoi)diTly Yo Lap{dite? aquatiel eidy 2X i s a
characteristic dinension coomensurate with the helght of the collision cel
in x diré&decsxrosratiaid Ifisd dsun@esstdod chatvatnns cus I"Fé’re eiodli nents coul d
be pres e L f ol g n For 3 & npl e, sone

el ect rod(;%s%tr( %yaﬁl{plg'/ u%\i\q:% Eﬁ‘%ﬁfﬁ%@ c%I% efﬁ bﬁg%eed pov%er} go?hers (e.q.

57b) coqushaw&ualtmn@&Ithok@@@e applied to thenlmhlle others (e.g. 57c,

57d, etc.) could have progressively changing sizes. - 27 5) in the

embodi ments based on the use of fiel.ds, the sg¢ of field elenents 54
requi g es relaurxﬁyyzhlgth§ .beT;’ s-Le be p4+?§v This can be avoi ded by
using split conposite rods such ‘\as th% sﬁéwn £n/Figure 5. Each rod 53 5

is divided into tapered sub rods 56 and 59 with slightly different DC

vol t ages whiglrelithe Rt-ioC dlorRiposalttiages capp! ixed & ahd REMesn dhaif simot h DC
gradients are formed in the appropriate directions in the vicinity of the

central FU&F&IoHf fme LdNSydilde 2508 RHirecidsrbadiPiadhseifis¥ iy in A L. 10
Rockwood.g bt d 4 PaMieSor rhde %0%%%_%anEeréé%Ed'EA#%Q%ﬂéﬂg slot, 2Y

and 22 are inner dimensions of collision cell electrodes 57

10 in y and z directions correspondingly (see Figure 4a). To
match ribbon-shape entrance beam with preferably circular
shape of the output beam, Y and Z could slowly change along
the direction x, sgstarting from Z>>Y for the entrance
electrode 56 and finishing with Z=Y at the exit from the

15 collision cell 50. Due to high energy of ejected ions and
absence of any requirements on ion mobility separation, ions
could be alsc injected orthogonally into the collision cell
50 as exemplified on Figure 4b. The potential distribution
in such cell could be approximated by a similar formula:

20 Ux, vy, 2) =k -(— v? -(;%—+-§§) 4~§%—+—§;J,
wherein 2X is a characteristic dimension commensurate with
the height of the collision cell in x direction. It will be
understood that numerous other embodiments cculd be
presented, all following the same general idea. For

25 example, some electrodes (e.g., 57a on Figure 4b) could be
shaped, while others ({(e.g. 57b) could have a tunable voltage
applied to them while others (e.g. 57c, 57d, etc.) could

have progressively changing sizes.



No. 6,316,768 to produce an axial DC gradient in an RF quadrupole ion

gui de. According to the desired direction of the field, rods 53 can be
split to inpose an approximate |inearly varying (dipole) DC potential field
(see Figures Sa 15 and 6a) or a DC potential well (see Figures 5b and 6b)
along the central plane of the ion guide 50 without altering the RF field
t hroughout the device. Wile dividiﬁgzﬂhé el ectrodes 53 in this way w |l
cause relatively significant "steps" or sharp transitions in the DC
potential near the 20 el ectrodes 53, the absolute voltage difference between
the el e6trodenséetiel endoslmen® swiblalselde cnatther vsraldf EHFess etihgn Hhe Volt DC
is expected). .Thus, this |lack of snmoothness in the potential. gradient

shoul d n8fcbEfatprdtl EMFTSRME i PR LTSRN &8 Lotkd VEaai & effective

potenti akcagsgekated e LhpA%ihe i svelhage appliied &R, the fpdplect rodes 53
is likely to "be relatively nuch greater in the vicini'ty of the rod
el ect rodesmpBsivEi kedsheweh ast tdogeawhogs as iFidiuviedtal Heoth rasbdéil i es 53,

the set of conpagsite rods 53 can b nuf actured as .a,singl erani c
Circurt Bard RiER 35T SpErERFEa £ 0uF Cot Sara o Yei I or  avoi di ng
HV  br eakdewe rehtChar giolg agksdingleghking 113US R Rt ihe i s act ure of

the ion guide 50; and - 28 6) ions can also be extracted fromthe RF
col | i si ofhege| spplchaar smertduiPde 3adieassy arselfprmed Bar dilreection of their

ej ection 30 . rance.into.the.collisi cell 50, .
Tl T ost  apER AR IMeC3 0 SRR AGE il Q1B St B Ehral B AN,
col l'i si onfcehle abnentedessoh t halisi @RS roakct GaRSkH@ad fiikd ey XA di.nensi on.

A nupber ofrstrate%ﬁes can be used to insure that ions are caught in the
COII+%IOROCé€PPd5O:~J Davis, J.L. Jones and E.D. Lee in US Patent

No. 6,316,768 to produce an axial DC gradient in an RF
quadrupole ion guide. According to the desired direction of
the field, rods 53 can be split to impose an approximate
linearly varying {(dipole) DC potential field (see Figures 5a

15 and 6a) or a DC potential well (see Figures 5b and 6b) along
the central plane of the ion guide 50 without altering the
RF field throughout the device. While dividing the
electrodes 53 in this way will cause relatively significant
“steps” or sharp transitions in the DC potential near the

20 electrodes 53, the absolute voltage difference between the
electrode sections 58, 59 will be rather small (less than 10
Volt DC is expected). Thus, this lack of smoothness in the
DC potential gradient should not be a problem, particularly
gince the gradient of effective potential associated with

25 the RF voltage applied to the rod electrodes 53 isg likely to
be relatively much greater in the wvicinity of the rod
electrodes 53. While shown in the drawings as individual rod
agsemblies 53, the set of composite rods 53 can be
manufactured as a single ceramic circuit board with

30 appropriate cut-outs and through-plating for avoiding HV
breakdown or charging of dielectric thus simplifying the

manufacture of the ion guide 50; and



a) the potential well can be nmade to be asymetric 10 (i.e. ions enter the
field at potential |ower than that of the furthest rod: this will ensure
their reflection in X-direction regardless of collisions as |ong as the
initial ion kinetic energy is |less than the product of this voltage
difference and the charge of the ion). 15 The DC field along Z extracts ions
towards the TOF analyzer 70; and/or-B8 a flat plate el ectrode can be placed
at the opposite end of the ion guide 50 fromwhere the ions enter the
collision cell planar ion guide 50. If it is 20 |located a half-rod gap width

from the diast sk RIedIRdes ditddecTrRsRod Ko @ isorpetential of
the RF field and thus maintain the integrity of the RF field to the end of

the ion gilddm@®Enay id guisie Sfuitdarsarsalsdditdredbteanieappebpri ate DC

vol t age, 25 . il .refl [ t owar.d where, the i.ons epfered the ion
gui de 50.t%\enulaﬁa eocrtlleon a |otc§nn Lglﬁebﬁﬁggénﬁéénetnto%a%ee lp tacﬁar?he c%?ﬁjs%%%ncel |,

col | i si onallldami ng Willumaused ons Riguwed ax. Trowik theseentiial ppl ane of
the device and drift to the exit 30 of the device according to the steering
DC poPentifi&nt iGds Wedrlesisurtdd £ alHe i 4e Icb 194 e & efUchl sERRE pECRFIOSEN i N

a- 29 jm - [ | {:i siqn cell ip qyg%g s and
Q TOFs, }[,%%el ?acﬁéy@valt Ciahi?)’}r ()eé{l}acgp o%lnf)érr%gscgf'e AZr{gI ml;dé; llstéiﬁcté 0 %@%/%I in

excess ofcdh he .dsddrio nmsude s didres nteedcduigdit tihe did ecdl Vespotenti al
wells 5 (ml.z dependent) established by either the RF or DC field in the
i on gui €S Wil be rather flat-bottomed. Thus the ion beamwill have a

fairly large dianmeter at the exit of the
a) the potential well can be made to be asymmetric

10 (i.e. ions enter the field at potential lower than that
cf the furthest rod: this will ensure their reflection
in X-direction regardless of collisions as long as the
initial ion kinetic energy is less than the product of
this veoltage difference and the charge of the ion).

15 The DC field along Z extracts ions towards the TOF

analyzer 70; and/or

b} a fiat plate electrode can be placed at the
opposite end of the ion guide 50 from where the ions
enter the collision cell planar ion guide 50. If it is
20 located a half-reod gap width from the last rod
electrodes, it will correspond to an isco-potential of
the RF field and thus maintain the integrity of the RF
field to the end of the ion guide 50. If this ion
guide 50 is also biased at an appropriate DC voltage,
25 it will reflect ions back toward where the ions entered

the ion guide 350.

In any orientation or embodiment of the planar
collision cell, collisional damping will cause ions to relax
toward the central plane of the device and drift to the exit

30 of the device according to the steering DC potentials. Gas

pressure in the planar collision cell is to be chosen in a



collision cell/planar guide 50 (relative to that which would exit froma RF
quadrupol e operated simlarly at simlar gas 10 pressures). An additional RF
mul ti pole (e.g. quadrupole) ion guide portion 55 of the collision cell 50
will allow for better radial focusing before extraction in to the TOF

anal yzer 70 (as shown in Figure 8). Such an extension of the collision cel
50 can be used al so for ion accurul ati“h 15 before pul sed extraction to the
pusher 75 of the TOF analyzer 70. A simlar segnmentation of rod el ectrodes
53 to those proposed to superpose the steering DC field in the planar
portion efytkanmidldd siconheel lin5@ocdan shenused 1t0 odr aw igdre tqaiddie lians
within the multipole section of the device. 20 Alternatively, ion guide 55
coul d be2REd& TEFSi VoY C8hot Wit BhPFREVG Lol SFGTIFUNS i%iktri bed di anet er

not exceediig B B ORI N9 LOLLAgeR 1 g and ¢aps ol i on guide 55, it will
(0]

ensure fast ion transit due e axial field created by voltage sag from

t hese end caps.. |t al,so,.ma e .al.so,25.desi.r.able_to _enclgse -t he | tipole
(quadr upol e) g(t):r ts:;ngr]‘lllo bet ﬁgl%éegl It?lgito%hgelelf/flaegr?léﬁ (?eoq:ﬁ%ﬁ?la "Separ at e

conpasg t MRt/ z Abderndentape swabh iishedowy @ashkirmenz?2&r BH Dovauled @lilrpow

i ndependent control of the pressure in this portion of the <collision cel

50 for f&$e ilon eidgctifoiritd Dfe rrobe30 fdRaI-Préitoredand, Thap itditalign
optimal &y L.Ng- The . S f _the.,pr rsof- i,.Qns in the
ool oieahp W?‘&nhgaﬁ’i%dé" 2§ 172y, 1362 ﬁgggnb%e%hgttkﬁr% et 5% the i ons
when t heyodtiits ilbhVie3Q /andnkire gualdkage (Yadtathetween thEVS w3l aAndiaaald i si on
cell/ion guide 50. 5 Depending on the operating _paraneters for the LTM5S 30,
pr ecur sofXidn f&R8r §i &8 GRaREHBPEEs OBEraYes sdMmidRarlde atarfibldsty Wase

Obtai@edp?%%%uE%%)%eﬁﬁ VARGt @qvﬁ%’mLQEiB%ﬁ%eWe.g. guadrupole) ion
guide portion 55 of the collision cell 50 will allow for
better radial focusing before extraction in to the TOF
analyzer 70 (as shown in Figure 8). Such an extension of
the collision cell 50 can be used also for ion accumulation

1% before pulsed extraction to the pusher 75 of the TOF
analyzer 70. A similar segmentation of rod electrodes 53 to
those proposed to superpose the steering DC field in the
planar portion of the collision cell 50 can be used to draw
or trap the ions within the multipole section of the device.

20 Alternatively, ion guide 55 could be made relatively short,
with ratio of length to inscribed diameter not exceeding 8.
By applying voltages to end caps of ion guide 55, it will
ensure fast ion transgit due to the axial field created by
voltage sag from these end caps. It alsc may be alsc

25 desirable to enclose the multipole (gquadrupole) portion of
the collision cell/ion guide 50 in a separate compartment
5la, perhaps with its own gas line 52a. This would allow
independent control of the pressure in this portion of the
collision cell S50 for fast ion extraction to the TOF

30 analyzer 70 and, opticnally, coptimal trapping.



acceptance of precursor ions, it may be preferable to lift (negativel
ions) the offset voltage of LTM5 30 10 after ions are captured

positive

inside it. In sone enbodinents, the anplitude of this "energy lift" i

hundr eds

to thousands of Volts. For high geject fromthe linear trap

y for

S
30,

the kinetic energy/unit charge of ejected ions is proportional to mz, and
t hus Vacc may be programmed to change gduring the mz scan 15 of the LTMS 30
to control the collision energy as the niz of the precursor ions is scanned
(or stepped). An advantageous feature of using a planar ion guide as

collision cell .50 is.the capacity of_  the ion guide to accept
"t from differdin oSt i

de$ I CthiSFF ot 6 BfE

t he

ions input to
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amplitude of this “energy lift” is hundreds to thousands of
Volts. For high dgejece from the linear trap 30, the kinetic
energy/unit charge of ejected ions is proportional to w/z,
and thus V,.. may be programmed to change during the m/z scan
of the LTMS 30 to control the collision energy as the m/z of

the precursor ions is scanned (or stepped).

An advantageous feature of using a planar ion guide as
the collision cell 50 is the capacity of the ion guide to
accept ions input to it from different sides. This allows
the collision cell 50 also to act as a beam merger.

Moreover, it is known that a 2-D quadrupole linear ion trap
has a greater ion storage capacity than a 3-D guadrupole ion
trap. The slot in the rod 53 allows radial mass-selective
ejection of ions for detection, but the slot length is
limited by the physical nature ©of conventional detectors.
The planar ion guides 50 described herein may be utilized to
facilitate the employment of a longer 2-D quadrupole linear
ion trap 30, having a longer than conventional slot, by
allowing the ions that are radially ejected along the entire
length of the slot to be focussed onto a conventional
detector. A longer 2-D guadrupcole linear ion trap 30

ultimately provides for still greater ion storage capacity.

ap.
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i on
31
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ions would mx with the beamof ions and their fragnentation products
originating in the linear trap 30 and would provide an mz internal
calibrant for each and every TOF spectrum In this way space charge
capacity of the LTM5 30 does not 10 need to be shared with reference ions.
This enables nore accurate nliz assignnments in the production TOF spectra as
there are always nfz peaks of preciselg known niz in each spectrum Figure
7 shows such a reference ion source 1531coupled to the collision cell/planar
ion guide 50. This 15 source 15 can be a relatively sinple electron inpact
ionization source fed continuously with a reference sanple. Oher sinple

i oni sation soursesomet hmpebathvet yoss abh escotivpute ionedcal sonbecappeopri at e.
It should be enphasised that this feature has applicability beyond the

i nst rument220°%es8?fbkd PROYHTS ﬂ.%E@%%%r%ou¥ﬁ%e?§a+0§%aﬁéa¥a§war@ Gsef ul

for inproy, ”@héh§1§$§r3§éhggﬂ?8é aceHr gy Of r JEE 80 eFIbh$P% gnstruments.

The ability to efther nerge or switch between 1ion beans mmultiple ion
sources betvweedutsd stages obllmmssnanal ysbs as shisbdiaibnghyyldesirabl e and

novel akure 25 in sone aF Ilcat#gns E?SCFI tion of the transport
charaét FEERELC oFRErRESS o €e¥eV§ noF tHRIPB %ﬁar TBRSGUFBESEB ESul d be
based on 1@ﬂ§ 96Nesahi L NGOEY Ohe i PEOHDIENEONS £§ﬁfth§199fk8§§eHHBEh8ﬁd in
D. Gerlich, State-Selected and State-to-State |lon 30 | ecul'e Reaction

Dynami cs, pRagucs Expernaehng Ed. tie b@pearth@Br30A@md ©hehd PhypyiSeri es,
Vol . 82, John

MO 52 JEO YLl SHES el 07, R L0y EBY 08 BRLLLGHhEr gevice
fromm z 2Q0ck0s Widy 18089cc ThRar g@rwlgaéiw of(§h@umiq§ahor&i@@!sehoef t he
effective potential in the
10 ieed to be shared with reference ions. This enables more
accurate m/z assignments in the production TOF spectra as
there are always m/z peaks of precisely known m/z in each
spectrum. Figure 7 shows such a reference ion source 15
coupled to the collision cell/planar ion guide 50. This
15 source 15 can be a relatively simple electron impact
ionization source fed continuously with a reference gample.
Other simple ionisation sources with relatively stable
output would algo be appropriate. It should be emphasised
that this feature has applicability beyond the instrument
20 described in this disclosure. Internal standards are useful
for improving the m/z assignment accuracy of TOF and FT ICR
instruments. The ability to either merge or switch between
ion beams from multiple ion sources between two stages of

mass analysis is also a highly desirable and novel feature

25 in some applications.

Description of the transport characteristics of a RF-
only version of the planar ion guide 50 could be based on
the general theory of inhomogeneous RF file devices outlined
in D. Gerlich, State-Selected and State-to-State Ion-

30 Molecule Reaction Dynamics, Part 1: Experiment, Ed. C. Ng,
M. Baer, Adv. Chem. Phys Series, Veol. 82, John Wiley,

Chichester, 1992, pp 1-176. For one particular device



di mensi on perpendicular to the axes of the rod el ectrodes 53 5 increases
fromca. 0.065 Volts at mz 1000 to ca. 0.35 Volts at mz 200. This means
that the superinposed DC field (field sage) nust be such that the DC field
gradient in the sane direction is on the order of 0.5 Volts/a (where a is
the center-to-center distance between adjacent rods) or else 10 ions w ||
get "trapped” in the local mninm of _t effective potential "corrugation”
wells. Inthe circuitry shown in Figures 2 to 3, the RF voltages are
coupled to the rod electrodes 53 that have different DC voltages provided
by re5|st|v§ 9|V|der ngtmorks The RF chokes L provide the RF voltage

bl ocki ng MPEFLLRE. DER 90F§ §ECSUBPPPEENALAYi WL hEeBRAs 16f 1PhEXCEES & ve

strips. Assooewhat gmre/sophbsthcayed:aper oa%heaneor%ga@eﬁucoml etely
describing the RF voltage source is illustrated in Figures 9 to 12. Figure

9 shows tleistanddad 2®pEEegenéraheoaféadt¢uatpoteutnawlunythsed for
qguadrupol es/ion, traps an t uned

tlpo e_jon guide . nultl- ilar
circuit tPaRSPErRErP 5??“3?89 aEstBoPh aft EFfP%i ﬁ8§n§ E6LXGEREr ate hi gh
RF vold agescasawekl rasmpeqvi 6l pest h81P6 abl pgki @@obueet kan ef. 38Fv%h%es used
in Figures 2 to 3. 25 Figure 10 exenplifies the use of a bi-fi

transfornﬁt mé@lPOQnd EésssmEaQSdthadethstsupsrﬁmpogeﬁtDﬁgfuhéd approprlate

super posi of RF. and [ volta e t trodes of the Ianer ion
Ul et shohaoiA rrga ebis b pYosheiehRe EELE £55I8I PO erhndf SH°0) are
probably pegdedikbcBohhesowarahk beakst ance.sf vbhesyasiishere atfhisp i s above
100- 1000 ohns. |f needed, the bypass capacitances should be on - 33 the
order of th1CﬁFteIhéomﬁQﬂéeRCdéﬁFﬁpcéahebéeﬁutaﬁnacﬁa@uﬁ@ﬁﬁhdoﬁeeﬁﬁﬁe

'”trhﬂ§'cl&85tQ§19'8 @r“£9 pggbdeln the local minima of the effective

potential "corrugation" wells.

In the circuitry shown in Figures 2 to 3, the RF
voltages are coupled to the rod electrodes 53 that have
different DC voltages provided by resistive-divider

15 networks. The RF chokes L provide the RF voltage blocking
for the PC voltage supplies driving the ends of the
resistive strips. A somewhat more sophisticated approach and
one more completely describing the RF voltage source is
illustrated in Figures 9 to 12. Figure 9 shows the standard

20 RF generation and control circuitry used for quadrupoles/ion
traps and multipole ion guides. A multi-filar RF tuned
circuit transformer coil provides both an efficient means to
generate high RF voltages as well as providing the DC

blocking function of RF chokes used in Figures 2 to 3.

2% Figure 10 exemplifies the use of a bi-filar transformer
coil and resistive divider strips for getting the
appropriate superpositions of RF and DC voltage to the rod
electrodes of the planer ion guides shown in Figures 2 to 3.
The RF bypass capacitors {(labelled C) are probably needed if

30 the overall resistance of the resistive strip is above 100-

1000 chms. If needed, the bypass capacitances should be on



assenbly (e.g. a ceramc circuit board connecting to the rod electrodes 53,
or a ceramc circuit board containing 5 conposite rods on one side and the
RC strip on the other). A RF anplifier (ca. 15W and nulti-filar transforner
simlar to the ones used to drive the nmultipole ion guides in the LCQ
shoul d be sufficient for producing RF voltages up to ca. 500-1000 Volts at
ca. 2.5 MHz on such planar ion guides. In 10 general, the RF voltages
applied to such planar ion guides wouBd have frequencies in the range from
0.5 to 3 Mz and anplitudes between 300 and 3000 Volts. This schenme shoul d
be very useful for RF and DC generation superposition throughout this range

of vol t agase aneldés egeencoesnr 15 Fhaukgold sbouwsrapvessipa ghtthe circuitry
providing for the extraction field gradient using the conposite rods of
Fi gure Savaqun®s apgdopyesadm bREranpafrtofthe|pianan ibe gukdasforner coi

and an ex voltage divider.strip on each.end of the coil,, 20 _Fi.gure 12
shows thé§%§%%§%¥r§ét atgc%%Q%%lés%ﬂP?%ltg% B t%g%% ?%@%% ES Bgeaﬁﬁpied to

the four did@tsoddsthe, or anséoramic COitchor gengrat eohbei oA ned focusing
and extraction DC field gradients. This particular arrangenent would all ow
i ndependefRTROTt FRI LOGF PReCnht BhEFt §NGf LERRD5SEBERSPRGE BAJOBREFAct i on DC

field gragientsnandcLbe overally) bias fypliage of fsel{exhtnPC potential) of

t he device. 1 n enbodi nents calling successi ve nass
experi nments tome aonéseusedl eo sdiiabl €hé onuthipabd obvaphyideheinmakienum

al l owabl e | nterval betweepn _successive all mass M5/ M5 30 experinents shoul d
be on the*o? O@ﬂda%%u?ugﬁ%cﬁ%EBn§%¥ PHRFECTRARE t YO AL REKF ntiFh pPe€drsor m z

scan rat es@f. 1 figo OF &t s -aB4ca O 2 05 Smidz THANBEEN FERRIAI DGn0JuhaWsW dgna
precursor nass
10 general, the RF voltages applied tc such planar ion gnides
would have frequencies in the range from 0.5 to 3 MHz and
amplitudes between 300 and 3000 Volts. This scheme should
be very useful for RF and DC generation superposition

throughout this range of voltages and freguencies.

15 Figure 11 shows a wversion of the circuitry providing
for the extraction field gradient using the composgite rods
of Figure 5a. This involves an extra pair of filars on the
transformer coil and an extra RC voltage divider strip con

each end of the coil.

20 Figure 12 shows the circuitry that can be used to
generate voltages to be applied to the four filars of the
transformer coil to generate the combined focusing and
extraction DC field gradients. This parfticular arrangement
would allew independent control of the intensity of the

25 focusing and extraction DC field gradients and the overall

bias (volitage offset/exit DC potential) of the device.

In embodiments calling for succesgsive “all mass” MS/MS
experiments on a time scale suitable for chromatography, the
maximum allowable interval between successive all mass MS/MS

30 experiments should be on the order of about 1-2 seconds.

This leads to a maximum precursor m/z scan rate on the order



range needs to be scanned and how nmuch tine is allowed for ion accunul ation
in the LTM5 30 (this assunes the device is operated in the continuous
precursor scanni ng node, though 5 the considerations are essentially the
sane for the stepped node). A typical tine frame for a single TOP
experinment/acquisition is 100-200 m croseconds. This inposes the |ower
limit on the required width in time of 34 ~precursor m z peak of ca. 300-1500
m croseconds (as woul d be 10 neasured at the exit of the collision cell/ion
guide 50). This precursor niz peak width (in tine) is going to be

det er mi negf by. $ he Thymeed | @spehdihg pherowswidsel 3 peakurwbdt hakisn tinme) of
ions ejected fromthe LTM5 30 and _the_ tinme distribution for associated

pr ecur sor* &AEF fRaGRENECi BAsSI8nTedt REASNPWL RBBRNtiRE pPapdlorsd for

gui de/ ool 1631 guchlac 80 (14 +RDOHNGsDsoNoL RN, Bk kDSt beocaOLtaUoys

precursor scanning node, 1t s |i hat therée w need to be sone
correcti ovpenatéed pnethesoonnizuoablpratuﬁnotOSCanEng fnode, t bacogan time of
fllght of ﬁrecursor i ons and associ at ed oduct ions through t he

col I'i Si 21 FPRORIGER by TRF S %?E%Pééaé%ﬁetaésﬁﬁﬁefF@%l5PP|§§88§99hese
i TS My he) adi ust g dgpendipor PBrYaEhous goAgiderati ons such as: 1. LTV

30 precursor scan ra (Th/ sec) and precursor resolution (peak width in
Th) 25 a. eﬁperhmghefaceeu$vtngnpbmenOOF2Qﬁwﬁieﬁoaadohﬁgher Tepace charge
rabl e . to.opera

capaC|t|es it is pref t a_ hi gher j ect %f g. at gej ect
=0. 83) ; bTPPITS g??nﬁﬂV%?e%hW§5r°PoﬁgﬁdEegg§ﬁthV6ﬂgﬁe5P EARRI Finfr esonance
ej ect i on MPEL@OIScAMR) Lt HEER BfecHSedpo-3906- mhiEr8hechaaw hkngohi@asaerifice
resol ution of precursor ion selection, higher space charge capacities 35
10 measured at the exit of the colllslon cell/ion guide 50).
This precursor m/z peak width (in time) is going to be
determined by the conveolution of the precurscr m/z peak
width (in time) of ions ejected from the LTMS 30 and the
time distribution for assocciated precurscor and fragment ions
15 to transit though the planar ion guide/collision cell 50 (it
should be noted that in the continucus precursor scanning
mode, it is likely that there will need to be some
correction in the precursor m/z calibration to correct for

the mean time of flight of precursor ions and associated

20 product ions through the collision cell/ion guide).

This creates some design flexibility as these times may

be adiusted depending on various considerations such as:

1. L'TMS 3¢ precursor scan rate (Th/sec) and precursor m/z

resolution (peak width in Th)

25 a. for higher resolving power of LTMS 30 and higher
space charge capacities it is preferable to operate at

a higher geject (€.9., at Qejecr =0.83);

b. for optimum precursor ion m/z resolution near

minimum resconance ejection voltage amplitudes are used;

30 c. if one is willing to sacrifice rescolution of

precursor ion selection, higher space charge capacities



can be attained if higher resonance ejection voltages are used; d. hi
scan rates (and hi gher resonance ejection voltages) allow greater ion
storage capacity but lower 5 niz resolution; e. to reduce the scan tine for
given scan rate, all precursor mass range of interest could be split
set of discrete precursor mz ranges or wi ndows, preferably corresponding to
about the width of a single 10 isotopi% cluster of mlz peaks of a typical

precursor analyte ion species. Then fréquency of resonance

the RF trapping voltage junps so that one selected precursor
after another are resonantly ejected next w thout necessarily even 15
exciting ions FAlbEEwBER2EREEe lfahgeberTHESORENCSS cingddes volltddss

determ ned by g, prgkipinary fast scan either in LTM5 30 or TOF 70 for
smal | er nunber "of "Tons, simlar to an AGC prescan experinent.

ows

m z rang

gher

into a
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nmuch
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used also for optimsing injection waveforns during ion storage in LTMS 30.
storage capacity in
the linear trap 30 but will reduce the KE (kinetic energy) and KE spread of
i ons when theye.ar etej zetiedef tbm shenl tnear foragil@n Ehias: widtle ,efafldct
choi ce of the gas pressure in the collision cell/h&g %% %uhde 50 and its

25 f. fusing | oWéE §epedutieduces mz resol ution and ion

di mensi ons: - gec rsor mass range of interest co

plit

set of discrete precursor m/z ranges or windows,

into a

preferably correspcending to about the width cf a single

10 isotopic cluster of m/z peaks of a typical precursor

analyte ion species. Then frequency of resonance

excitation or the RF trapping voltage jumps so that one

selected precursor m/z range after another

are

resonantly ejected next without necessarily even

15 exciting ions in-between these ranges. This set of

masses could be determined by a preliminary fast scan

either in LTMS 30 or TOF 70 for much smaller number of

ions, simiiar to an AGC prescan experiment

Along with

determining the intensity for each precursor ion, it

20 allows improved optimization of conditions

(scan rate,

voltages, etc.) for each precursor ion ("automatic

precursor control"). Such preliminary information

could be used also for optimising injection waveforms

during ion steorage in LTMS 3C.

25 f. using lower (gejecc reduces m/z resolution and ion

storage capacity in the linear trap 30 but will reduce

the KE (kinetic energy) and KE spread of ions when they

are ejected from the linear trap 30. This will effect

choice of the gas pressure in the collision c¢ell/ion

30 quide 50 and its dimensions;

d
rsor



g. increasing the RF frequency will increase the available resolution and
charge capacity of the ion guide 50 but the RF voltage increases as f2; or
2. Linear Trap Collision Cell Pressure-Length (PxD) 5 Product: a. higher
PxD wi || stop/fragment higher energy precursor ions; b. higher PxD wl|
result in slower ion transit and a wder distribution of ion transit tines.
10 In sone enbodinents, to facilitate efficient ion fragnentation in the

collision cell, 50 the effective targeBd thickness of gas, PxD, should be
greater than 0.1..1 Tor_rxmm where P is gas pressure, Dis length of the
collision cell 50. It nmay be desirable to have the tine distribution for 15

associ ated pregursoinapdabiagnment Rengrtqubhapsiiilihaughebke el lision
cell/planar ion guide_ 50 not_nore than 500-2000 m croseconds. Such a
di stribution iAveklePiEnEsgelayioranndpehaghPeredachity iof It&ss ichan 30.. .50

mm whi ch woul d i t engr h TQEr ee for exanple
C. Hoagl und 20° gggrgg But egngg B gk %C%%ﬁgle% Ramt 72&%2000) 2737frp

2740). A higheyr.PxD P, oduc be_r red to facilit ter cooling
and captu?e ofLﬁFgéﬁrso?p aﬁéophgg?h gggggPﬁFé < généﬁ?géion pr oduct

ions. 9Nt hrsaghrpressures |n the collision cell/ion guide 50 it would
necessitate an 25 additional differential punping stage between the

col lision celk 50 ﬁ@ghébeplﬁFw@ﬂglg%sb/%Qag%Qhé ﬁ%ghg% %%QL@&E for
exanpl e, by evacuating | enses 60 by the sang punp as and havi ng an

addi ti onal punpreoussacuatesjust the entrance to the coII|S|on cell 50
(between the envel ope 51 30 and, for exanple, electrodes 53 or 56). The
| enses 60 prokide Wegiepr egbseilianskoil patnosleivetrthe onon daeamrexirid g

wider distribution of ion transit times.

10 In some embodiments, to facilitate efficient ion
fragmentatiocn in the collision cell, 50 the effective target
thickness of gas, PxD, should be greater than 0.1l..1 Torrxmm,
where P 1s gas pressure, D is length of the collision cell
50. It may be desirable to have the time distribution for

15 associated precursor and fragment ions to transit though the
collision cell/planar ion guide 50 not meore than 500-2000
microseconds. Such a distribution in exit time delays can
be achieved if DI is less than 30..50 mm which would require P
to be greater than 20..30 mTorr (see for example C. Hcaglund-

20 Hyzer, J. Li and D.E. Clemmer; Anal.Chem. 72 (2000} 2737-
2740} . A higher PxD product may be required to facilitate
better cooling and capture of precursor ions and their
asscciated fragmentation product ions. With such pressures
in the collision cell/icn guide 50 it would necessitate an

25 additional differential pumping stage between the collision
cell 50 and the TOF analyzer 70. This can be achieved, for
example, by evacuating lenses 60 by the same pump as LTMS
30, and having an additional pump to evacuate just the
entrance to the collision cell 50 (between the envelcope 51

30 and, for example, electrodes 53 or 56). The lenses= 60

provide very precise transformation of the ion beam exiting



- 37 the collision cell/ion guide 50 into a parallel beamw th orthogona
energy spread of a fewmllivolts. This lens region should be preferably
mai nt ai ned at pressure in or below 10-5 nbar range to avoid scattering,
fragnentation and 5 to mnimze gas flow into the TOF anal yzer chanber 80.
To inprove sensitivity of the TOF anaI%zer 50 and thus quality of MS/ M5
spectra, its transm ssion and duty cycl need to be inproved, for exanple
by any of the following ways: 10 a) Gidless optics and especially gridless
ort hogonal accelerator could be described as in A A Mkarov, WX01/11660.
b) FresnethEypelﬁubﬁbnebe&ﬂVQda gen§e55©ouhdobe psecllted ibegamowe tduty cycl e
as descri bed % ILnt. J. .Mass Spectrum 1lon
B oc. ;v S55709pR833FH0AE. SEreER TEne SEo MRgHEVRIaR) 2 dhido et e, mor 6

cl osely :&@IE;QGEaEEQuWHt Bet g%egehrlabi'yoﬁa(i%lﬂal@édp‘élts dn% idf rgetly from
the gas-filled ion guid or 55 into 20 the flight tube, simlar to ion

pul si ng desépiwbéd-BFnmhar AangekarowyoNd Ecadsedrieg, Ira@maﬁﬂaMmGEZﬁﬂm
Senko 02/ 078046. The gTbOdL nti de%ﬁ%lbed above can_ be roved for

o1t uaif ons “WieF &7 AE Shice eflarGE e ifolty Grotive T3 6P 28 %t ner wi se
becone a crucial limtation. 9roposed to _overcone this potentia
probl em by usi A§ éﬂpﬁﬂﬁﬁt?8H§Pt98ﬁt sPor &€ dEV e&grizsT ©F RE IGhe&ar trap

30. This dguh¢ey 8¢ REGHEr @ngt%afuaftee&rgh@% s%%%p arf) RRFL eylard y

preferred” arrangenent 1s shown in Figure 1
need to be improved, for example by any of the following

ways:

10 a) Gridless optics and especially gridless orthogonal
accelerator could be described as in A. A. Makarov,

WO01/11660.

b) Fresnel-type multi-electrode lenses could be used
to 1improve duty cycle as described in A. A. Makarov, D.
15 R. Bandura, Int. J. Mases Spectrom. Ion Proc., v. 127

(1993) pp45-55.

c) Time of flight analyzer could be more closely
integrated with the cocllision cell by pulsing ions
directly from the gas-fililed ion guide 50 or 55 into

20 the flight tube, similar to icn pulsing described in A.
2. Makarov, M. E. Hardman, J. C. Schwartz, M. Senko,
W002/078044.

The embodiments described above can be improved for
situations where the space charge capacity of LTMS 30 may
25 otherwise become a crucial limitation. It is proposed to
overcome this potential problem by using an additional ion
storage device prior to the linear trap 30. This device is
preferably a further linear trap. A particularly preferred

arrangement is shown in Figure 13.



Here, the linear trap 30 is effectively split into two sections: a first,
storage section 130, followed by a second, analytical section 230. These
sections 130 and 230 are separated by an el ectrode 150 upon which a
potential can 5 be set to create a potential barrier to divide the |inear
trap 30 into the two sections 130, 230. This potential barrier need only
provide a certain potential energy stepsto separate the storage sections
and may be inplenented using electric and/or magnetic fields. The storage
section 130 10 captures incomng ions (preferably, continuously) and, at

the sane tine, it i pthin inte ! [ r -200 Th)
to overcone tﬁggﬁgieﬁﬁ?a %%%iQ#stg%aigfgﬁgégﬁgyé?graggggeggﬁéné%go from

t he anal y¢ecalonsecd i Dir230 foorsgdseguendn VB2 onl FodbitoWBAMSyor MSn anal ysi s
15 over this range. By excjting ions within discrete mass ranges am z that
st ep thro%%%o@%e %ﬁﬁ%¥%ﬁ%%%ss?§ﬁb%n(%3%: BHeSThoe6t 2008 FAP, 2R €381 | ows
use of allrethgpSPACEONRIYE o£APAELLY 0o tfSoANahYLACa! paeELion 230 at each
step Amiz w thout sacrificing sensitivity, scanning speg or resolving 20
power Sof bdesdTMD I0redbmughpothenind al raageistoreddinitihetbeoitageasecti on 130

is too wide for. any useful information about_jions due to _space_ charge

ef f ect s, ?ﬁ%ps% C%X%ﬂaﬁa% Sﬂﬂ1??%ﬁl?ﬂ?o??ﬁe 2h$gh-?g§8IEPF8HtPPﬁear trap
anal yzer pariier anddytdehl Bho$Lsdi ONc2B0ai 8 ﬁ@é@ﬁ@@aieéﬁékgﬁ keephecentire
mz range. Also, the two sections 130, 230 are synchronized in such a

manner thaepdortd/Blonl gtevzae seetiinearndrapy 30eaimaysmentadsusiingi n t he
admtted ngss_range so there_.is se for tine_o nal ysi s.

am z, _ o ¢ rom L E
30 In ope? to e Qﬁﬁ¥rmﬁﬁ@?%¥?eéh$%$“iongﬂgn?g%gaggtﬁr& &%e P?on 130 and
reflects &4ptutde PoteMAplibasrigfeferably, continuously) and, at
the same time, excites ions within intermediate mass range
Am/z (10-200 Th} to overcome the potential barrier

separating the storage section 130 from the analytical

section 230 for subsequent MS-only or MS/MS or MS" analysis

1=
%31

over this range. By exciting ions within discrete mass
ranges Am/z that step through the entire mass range (e.g.
200 Th to 2000 Th), this allows use of all the space charge

c

A%

pacity of the analytical section 230 at each step Lm/z
without sacrificing sensitivity, scanning speed or resolving

20 power of the LTMS 30.

Tnough the m/z range stored in the storage section 130
is tec wide for any useful information about ions due to
space charge effects, the space charge admitted intc the
high-reseclution linear frap analyzer in the analytical

25 gection 230 is reduced relative to the entire m/z range.
Also, the two sections 130, 230 are synchronized in such a
manner that for MS-only scan, the linear trap 30 always
scans within the admitted mass range Am/z, so there is no

compromise for time of analysis.

30 In operation, a continuous stream of ilons enters

storage section 130 and reflects from the potential barrier



- 39 separating the sections 130 and 230. The potential barrier is fornmed
by a conbination of DC and, optionally, RF fields. 1lons in the storage
section 130 | ose kinetic energy in collisions with gas along the | ength of
the storage section 5 130 and continuously store near the m ni mum of
potential well. At the same tinme, an ACfield is added to the potential
barrier so that resonant axial oscillations of ions within a particular nfz
range 4m z are excited. This could be achieved, for exanple, by providing a
guadratic DC 10 potential distribution along the axis of storage section

130. Due t . e - ffect oor-,qual of ~the field, this
i nternmedi a g%ﬁedlagglﬁiaﬁgﬂggeA “':'tz}”aelrlgb‘%lrrs\(iclhﬁﬁiag'jrhcgp‘g CF’hanﬂﬁe ﬁ%é%?%%aelr a%?g/r%‘?ﬁO% of |

the total imSormEyoy Al SEmbiAG EXH tef imn ol bEpafoVey, tie apPIepri ate
range of 15 frequencies so that excitation is | ess dependent on the actual.
di storti onW Ypddi® QxRS Al Fe el ashs et dPRRIIBT i-xci t at i on

cycles, the najQuidy, afy iﬁg@ﬁﬁ%%&%ﬁﬁ i gle Mz Lange 1z, are

excited to such ‘an extent are a O OVer comne the poitenti al
barri ep (vidid earsi iddnmiotucaldley taxrcescapear oughi rihewrend £ apceempesi ure of the
st orage sel elcti on 130 This allows the ions to enter the anal ytical

section 23l whdte HieyFaite GRS ofaT dorards it IR A %8 d that exists

therein, and de d0n%98le.Stl adhd g, i Ad! B AT to0f s 11i 81 drs SeELT On 230
due to further loss of their energy in collisions Wltjh gas to reside in the
m ni mum ofidree wigdtientd glameldulakhen,z amraral it T rdv/Beonl yedr NBISE or MSn

Chat, & he SIOCLSE AT ToMEHE 30 dotes KUt oh A3 Fepkated | or
the next M-S/l @OL IDNtribution along the axis of storage section
130. Due to severe space charge effects and poor quality of
the field, this intermediate m/z range Am/z is much higher
than 1 Th, preferably 5-10% of the total mass range. Also,
AC excitation could span over the appropriate range of
15 frequencies so that excitation is less dependent on the

actual distortions of local fields.

After several tens or hundreds of excitation cycles,
the majority of icns within the intermediate m/z range Am/z
are excited to such an extent that they are able to overcome

20 the potential barrier (while still not able to escape
through the entrance aperture cf the storage selection 130).
This allows the ions to enter the analytical secticon 230
where they are out of resonance with an AC Iield that exists
therein, and the ions get stored in the middle part of this

25 section 230 due to further loss of their energy in
collisions with gas to reside in the minimum of the
potential well. Then, an analytical MS-only or MS/MS or MS®
scan 1s taken over the pre-selection mass range of the
stored ions. After that, the process of filling from the

30 storage section 130 is repeated for the next pre-selection
m/z range, and so on until the total mass range is covered

and the scans are thus completed. By the start of the next



m z range, and so on until the total mass range is covered and the scans

are thus conpleted. By the start of the next - 40 scans, the ion popul ation

within the storage section 130 is
operating a mass spectroneter including
Figure 13 wll now be 5 described. A typical space charge limt for unit

of the linear trap is 40,000 charges and the ion intensity
is distributed approximately uniformy over operating nmass
Th. Due to the high resol ving power of TOFMS, 10 hi gher ion popul ations
(e.g. 300, h ) - gﬁgggi [ 0; 000
Th/s, and s%%gwf’ngcg%e%cour??%ﬁdl%lﬁ%%ﬁ% t}{/ée 0, @%é&ﬁ% f?ésL.lb
used to edtnawmsle damrendidly diestewidguti on of ions and the linear trap 30

resol vi ng power

I'S approxi mat e 00, 000 charges

range of 2000

AGC i s

al ready conpletely renewed. An exanpl e of
the conposite linear trap 30 of

operates in Ms-only node. 15 Wth the conventional approach, the |inear trap

30 woul d have Hreeaxdngled i apckvmd & meash dhie-tatdraved: spaceud ohar ge
limt and the LTM5 30 woul d be scanned for 200 ns to cover the required
mass rangéleTAGMRPS it dasunttd 34 f FEarrecd 3 ivielsl A% 2 esults in
2hsge or 20 1,200,000 charges anal yzed per second to give a
duty cycle of 4% Wth the proposed approach, all ions are being stored

about

S

t he storage se%'ﬁ]iton iJZ:3aQL psria%re t%aanal sii Siti r“c}rh% anal é[ilc\,g'l section 230.
After 300, 000 charges aréeh nj ect6d &5 ito t1e anal ytiTa -~ sed ivn'230 within

a mz w ndawdfe 10Geahh gy LW 0TR 0 OINAYHE dTEarid deedash tonssan:
mz w ndow. The entire nass range is covered in a tinme sli

ms in 20 StSepksteddi itk pRIsREITH LR Y300 idogmly over operating mass

10

15

20

30

range of 2000 Th. Due to the high resclving power of TOFMS,
nigher ion populations (e.g. 300,000 charges) could be
accepted. The scanning speed is 10,000 Th/s, and the input
current is approximately 30,000,000 charges/s. AGC is used
to estimate intensity distribution of ions and the linear

trap 30 operates in MS-only mode.

With the conventional approach, the linear trap 30
would have been filled for 10 ms to reach the allowed space
charge limit and the LTMS 30 would be gcanned for 200 ms to
cover the required mass range. Taking into account settling
and AGC times, this results in about 4 spectra/sec or
1,200,000 charges analyzed per second to give a duty cycle
of 4%.

With the proposed approach, all ions are being stored
in the storage section 130 prior to analysis in the
analytical section 230. After 300,000 charges are injected
into the analytical section 230 within a m/z window of 100
Th over few ms, only 10 ms is needed to scan over this m/z
window. The entire mass range is covered in a time slightly
above 200 ms in 20 steps, each step containing 300,000
charges. The process could be run at a rate of about 4
spectra/sec if storage in 130 is accompanied by excitatiomn,

and about 2.5 spectra/sec, if storage and excitation are

in

er this
ghtly above 200



charges. The process could be run at a rate of about 4 30 spectra/sec if
storage in 130 is acconpanied by excitation, and about 2.5 spectral/sec, if
storage and excitation are - 41 sequential in time. For the first case,
24,000, 000 charges are anal ysed per second to give a duty cycle of 80%
while for the second case 15,000,000 charges are anal ysed per second
resulting in a duty cycle of 50% 5 Whi]Jst_narrower niz wi ndows 4m coul d be

used, overhead tine consunption is, however, likely to limt further gains
at a level of about 50.106 charges/second which is already close to the
practical limt of nodern el ectrospray sources. A nunber of enbodi ments of

the i nventﬁ%%élbééh_tlﬁnedespﬁqlf Hete M,%%tcfﬁe?r%ss?"f{?@@i@o%ec%ﬁ%?%p ood
that variqus I fd &ptlons, imy, be. fagde, it haut,, gzg,pcg};é g dgomghespirit

and scope of the i1'nvention. 42 CLAl 1. A neth operating a nass
spect r onetfer dcdnprsestargl aras®o S SOUT B0 arhdged raape vartdl ysed upati ty of
el ongate el ectC{]odes, a collisi g} cell and time of flight analyzer, 5 the

met hod comfii¥thgeBperdtd ng* theétt'oh SHUre Lt o Yenerate i ons having a

relatively broad range of mz values, introducing the ions_generated by the

i on sofirce int &L ITHFEQWRE P tWHBBRIY 4OrioY I eRIveRE f rovgEnead on
source in . i }ﬁlpj; jecti i f t L oy b1 i.tqhi Latively
narr ow ran%le%ofé%]sz&r{a uoerg lg%’bs%%‘?a 'I ylj‘g{rgtlﬂggcoélgﬁrﬁ/ @\?\%%El?%%p c{gt o the
direction aof sllongdt ich aforitheso°10° charges/second which is already

close to the practical limit of meodern electrospray sources.

A number of embodiments of the invention have been
10 descriped. Nevertheless, it will be understood that wvarious
modifications may be made without departing from the spirit

and scope of the invention.



15 el ectrodes whilst retaining other ions in the ion trap for subsequent
anal ysis and/or fragnentation, such that the ejected ions travel to the
collision cell; ejecting fragnented ions fromthe collision cell such that
they travel to the tinme of flight mass analyzer; 20 and operating the tine
of flight mass analyzer to obtain a nmass spectrumof ions therein. 2. The
nmet hod of claim 1, conprising ejecting ions fromthe ion trap such that the
kinetic energy of ions entering the 25%ollision cell is |ow enough
substantially to prevent fragnmentation. 43 3. The nethod of claim 2,
further cdﬁﬁ%ﬂﬁing ejecting the unfragnented ions fromthe collision cell to
the time of flight nass anal yzer and operating the tinme of flight nmass

anal yzer t tal £ I 5 S h t.ed ions.
3 The nethod of G 01 A e L0 8 B oPurCrEr COnbrT o TP o Sat0nd ‘Slep of
anal ysi s i nclamlirge ejaction ard edst: sopeuotlisyi dft kkongate ned i ons havi ng

m z val ues wthin a(%urther r.el ative

| y.narrow range sugh. that_they are
i ntroduced irﬁ%?ﬁif? %?kxﬁlﬁQ$%i§%9& Feé%da88e?a§%%§ ?%eggﬁ?? ) %é?%%ﬁﬁ’ such

t hat 5i ons so tid rmoshtoedl dompmitdieg:on trap are fragmented. 5. The nethod of
claim4, further conprising introducing fragnented ions fromthe second step
of analysis into the time of flight nass anal yzer and operating the tine of
15 flight mass an8P§zefipg bbealn aseweee spedanahade tisds heydrented i ons.

6. The nmet hod of g%gEg&@eﬁgogpggéipgn%?gfgpﬁg_qgth%Hccessive steps of

anal ysis and obtaining a nass spectru

introducing the ions generated by the lon source into

the ion trap:

10 trapping ions introduced from the ion scurce in the

ion trap;

ejecting ions from the ion trap within a relatively
narrow range of m/z values substantially orthcgonally
with respect to the direction of elongation of the

15 electrodes whilst retaining other ions in the ion trap
for subsequent analysis and/or fragmentation, such

that the ejected ions travel to the collision cell;

ejecting fragmented ions from the collision cell such
that they travel to the time of flight mass analyzer;
20 and

operating the time of flight mass analyzer to cobtain a

mass spectrum of ions therein.

2. The method of claim 1, comprising ejecting ions from the
ion trap such that the kinetic energy of ions entering the
25 collision cell is low enough substantially to prevent

fragmentation.



fragmented ions using the tinme of flight mass anal yzer. 20 7. The nethod of
claim5 or claim6, wherein the steps of analysis conprise ejecting ions
with relatively narrow ranges of mlz values that conbine to span
substantially all the relatively broad range of nmfz values. 8. The nethod
of any preceding clainms, conprising retaining 25 substantially all ions not
within the relatively narrow range of nmiz values in the ion trap when
ejecting ions wthin the relatively nadBow range. 9. The nethod of any
preceding clains , wherein ejecting the ions trapped in the ion trap
conpri ses apgiha me oA BC lpotredti dlurtbetrheoppui alng ye pécel mpgate

el ectrodes. 1.Q The t.hod .of any preceding.claim rein_the trapped ions
are ejected augjfa it ngggno@necgeléﬁsar%&ogh?lgoﬂj?%f%ﬁo%eﬁg\ffst%ftlée J?)]tné%ao%edesi gn.

44 11. The nethioshtofmaay greacedinagna abera€Onpr té ngivpes at fNghthenass
collision cell to trap ions. 12. The nethod of claim11l, wherein the ions are

trapped usi nfPPE¥AY 9 MAEEHG RIBEUESCENT PRI M28S 1P TRET MRt Pod Rt claims 1

to 1%, conpriglg gpatdtd ngydde collision cell using DC potentials only.
14. The nethod of any preceding claim conprising operating the collision
cell to provitke aietdiettal ey ¢fd cdledng antpPoR, parhheherenby biighy & he

orad ent of O Sheoltas JF SR nsieIsn RRLonguly, ALEng dp 0
into the col |l ssidntioeltetiaireediirect haviapt hdgonaluee witieis i fiecttiean of
exiting the col]Jision cell. 16.The net hod of an recedi ng cl ai wherein
the col | | si or <43 XE 1Y AFRTR SR ISR (5 oF NeF oRBat AT ERTHTR (b

10 the collision cell and operating the collision cell such
that icns so introduced from the ion trap are fragmented.

5. The method of claim 4, further comprising introducing
fragmented ions from the second step of analysis into the
time of flight mass analyzer and operating the time of

15 flight mass analyzer to cbtain a mass spectrum ¢f the
fragmented ions.

6. The method of claim 5, comprising three or more successive
steps of analysis and obtaining a mass spectrum of the
fragmented ions using the time of flight mass analyzer.

20 7. The method of claim 5 or claim 6, wherein the steps of
analysis comprise ejecting ions with relatively narrow
ranges of m/z values that combine to span substantially all
the relatively broad range of m/z values.

8. The method cof any preceding claims, comprising retaining

25 substantially all ions not within the relatively narrow
range of m/z values in the ion trap when ejecting ions
within the relatively narrow range.

9. The method of any preceding claims , wherein ejecting the
ions trapped in the ion trap comprises applying an AC

30 potential to the plurality of elongate electrodes.

10.The method of any preceding claim, wherein the trapped ions

are ejected as a ribbon beam and the collision cell is of a

planar design.



el ectrodes having at least two parts, the nmethod conmprising applying an RF
potential to both parts of each rod and applying a different DC potenti al
to each part of each rod. 17.The nmethod of claim 16, further conprising
applying a DC 20 potential to a pair of electrodes that sandw ch the
conposite rods. 18. The nmet hod of any preceding claim conprising operating
an ion detector located in or adjacent 44he ion trap to obtain a nass
spectrum of the trapped ions. 25 19. The nethod of claim 18, wherein the ion
detector i%l.posimebhed afljzemradegdiingn cleap.,t kempby singi aperstphgathe
portion of thg 19P§1g§'n91f1§§t sub§}ant|ally ort hogonal | y. 20. The net hod
of claim 19, Wherern the 1o arid the 30 collision cell are

posi ti OnedanTD@plﬁétHﬂ@dsmﬂenslaJifmt]l”&e, Ivﬂfé}rehmamheZZloﬂibealﬁ"et hedppédanying
precedi ng clalnt npris qgwyferatlng the 6 i.on detector to obtain a nass
spectrum of pfe h?%%rl? 'S 3 ifpp&tsitiede ion trap and operating the

timesof flighiheReshoNabyzeraims Obty N138 RS SREGY ng%tahg tragment ed
ions, wherein the scans forma MS/ M5 experlnent 22.The net hod of claim 21,

furt her conprP§1thh@m|@@klrﬁﬁ%#ﬁeDQSRQ&@Q%H@@@ ehltyhe tine of flight nass
anal yzer b Eeghgg,mérﬁﬁo%e Odﬁgeﬁéé&fﬁ é}%ﬁiﬁr gl?sé&%‘}&s&ﬁg gBEQ‘cPﬁ? Py, the

i on detec any” pr rg: appi ng
i ons across sub$laaioaltglh]totﬁmnvxd&ﬂamuﬂh&dﬁmaadfnamgeal&ﬁglaﬁrbdmced from

t he ion source. 24, The npethod of an recedin ing filling the
ion trap mnthPﬁtﬁnt?%ﬁeB%ﬁ%ﬂ%m 'UH%¥ e & |%é Calr 8ﬁﬁ %1e9d ’

10 increasing monotonously along the ion path.
15.The method of any of claims 1 to 13, comprising introducing
ions into the collision cell in a direction orthogonal to
their direction of exiting the ccllision cell.
16.The method of any preceding claim, wherein the collision

15 cell comprises a plurality of elongate, composite rod
electrodes having at least two parts, the method comprising
applying an RF potential to both parts of each reod and
applying a different DC potential to each part of each rod.

17.The method of claim 16, further comprising applying a DC

20 potential to a pair of electrodes that sandwich the
composite rods.

18.The method of any preceding claim, comprising operating an
ion detector located in or adjacent the ion trap to obtain
a mass spectrum of the trapped iomns.

25 19.The method of claim 18, wherein the ion detector is
positioned adjacent the ion trap thereby to intercept a
portion of the ions being ejected substantially
orthogonally,

20.The method of claim 19, wherein the ion detector and the

30 collision cell are positioned on opposing sides of the ion

trap.
21.The methed of any preceding claim, comprising cperating the

ion detector tc obtain a mass spectrum of precursor ions



gain control. 25. The nmethod of any preceding claim conprising injecting 15
ions of a reference conpound into the collision cell. 26.The nethod of any
of clains 23 to 25, wherein the ion trap is a conposite ion trap conprising
first and second trapping regions arranged substantially co-axially along a
comon axi s defining an ion path through the first trapping 20 regi on and
into the second trapping region, the nethod conprising: introducing ions
generated by an ion source having the relatively broad range of nmlz val ues
into the firdtragpeappgicnghreegdioon tabpngntihepénat joag hth® 5 ioperat i fiig ghtte fi r st

ange |t r odtied FPONHe PoR LAARCE HARCL PR BRI thsl Bk (HAPHRREed o

i nt er medi at e irange wiferdiz takuesaaxi abky &hes gy doodravalt. to the second
trapping r n along the ion path; and 30 operating the second trapping

eqgi o
region to %ag-ia’rrﬁlq SN ofdééd PlomfERERET r SeRF Bp hPREGHF ehd o ej ect
i ons546  wi tgﬁﬁéﬁéﬁc{rplcﬁt ivvel ¥ iRar bewsh apge Qf & Zn YAl Hes L degonall v.

27. The net hod 'of claim 26, wherein the first and second trapplng regions
are separ at edudns sHdatsturpotfeibieabrbanrser iénancbtdhenektdwdoomom ses

ej ecting ionqdfro the first trapping region by exciting ions within the
i nt er medi at e “FANge of m z val ues to an energy sufficient to overcone the

first poterdime bathRl cnGniyherebydihgvelaln, t bemSeLonty : tvwmHping regi on.
10 28. The nethod of claim 27, wherein ions are introduced into the first
trappi ng regiditt RS S séAttandévapla Fhesfelatively broad range

10 introduced from the ion source.

24 .The method of any preceding claim, comprising filling the
ion trap within an ion abundance determined using automatic
gain control.

25.The method of any preceding claim, comprising injecting

15 ions of a reference compound into the collisgion cell.
26.The method of any of claims 23 to 23, wherein the ion trap
is a composite ion trap comprising first and second
trapping regions arranged substantially co-axially along a
commen axis defining an ion path through the first trapping
20 region and into the second trapping region, the methed

comprising:

introducing ions generated by an ion source having the
relatively brcad range of m/z values into the first

frapping region along the ion path:;

25 operating the first trapping region to trap ions
across substantially all the relatively broad range
introduced from the ion source and te eject ions within an
intermediate range of m/z values axially thereby to travel

to the second trapping region along the ion path; and

30 operating the second trapping region to trap ions

introduced from the first trapping region and to eject ions



end of the first trapping region and the ions exit the first trapping
region through an exit at a second end of the first trapping region, the
first potential barrier 15 being located at the exit, the nmethod further
conprising: setting the first potential barrier to reflect ions introduced
into the first trapping region; subsequently creating a second, higher
potential at the entrance thereby trapgéng ions within the first trapping
region; and 20 exciting ions within the Tnternediate range of m z val ues

sufficient tg. o jrst . po | al rri-e u to overcone the
second poten?%ggfﬁaﬁg?eégféé%ﬁ%%yﬁ%%ﬁgﬁ}% n%%afﬁlgé? &ﬁggéfn creating the
second poteantthbgwasnrier conprises using a DC potential. 25 30. The net hod
of any of clains 26 to 29, wherein setting the first potential barrier to

reflect ions introduced into the first trapging regi on conprises using a DC
pot enti al .2 BEPAESHROPToCLEAT 6/ cFEEABIRGERD B SWRREI TFXGEL i ng i ons
within the i NERAHALS SRR 0% Fbpa¥atugSpEORPE] S8 30 &ddi ng 1N A
potential to thg&ﬁiﬁgt g%tentfal ba??ier. Sg.The netﬁggtof cIaimSiL,r
conpbi sing ejat ithg imsridioc aoped Lises ehecsérontons appimgtiregiiostusi ng an AC
potential . 47 . The net.hod,of an f clalns 26 to 32, conprisi.n

i ntroducing itornaz)?i]lln %1 émgle(}:3 n f:rxggﬁsnégxrl%gﬁ)gh 0 ‘f%?‘? Iln%%mesdelcagcﬁd

trappi ng regiminde cf pr/edetsdimisned baneabugdaseeri ol éit nt@ Spacenehahge
limt. 5 34. The net hod of c¢lai m 33, conprisinﬁydeternining t he

pr edet er ni ned 46t ATIdAGE PRTELES GRACE G EHY abf dFRt i 60 o FAd ol . 35. A

met hod of tandepdmss sRE.0Metry using a mass spectrometer conprising an
ion source, a first trapping
10 28.The method of claim 27, wherein ions are introduced into

the first trapping region thorough an entrance at a first
end of the first trapping region and the ions exit the
first trapping region through an exit at a second end of
the first trapping region, the first potential barrier

15 being located at the exit, the method further comprising:
setting the first potential barrier to reflect ions
introduced into the first trapping regicn; subsequently
creating a second, higher potential at the entrance thereby
trapping ions within the first trapping region; and

20 exciting ions within the intermediate range of m/z values
sufficient to overcome the first potential barrier but not
to overcome the seceond potential barrier.

29.The method of claim 28, wherein creating the second
potential barrier comprises using a DC petential.

25 30.The method of any of claims 26 to 29, wherein setting the
first potential barrier to reflect ions introduced into the
first trapping region comprises using a DC potential.

31.The method of any of claims 26 to 30, wherein ejecting ions
within the intermediate range of m/z values comprises

30 adding an AC potential to the first potential barrier.

32.The method of claim 31, comprising ejecting ions trapped in

the second trapping region using an AC potential.



10 region, a second trapping region conprising a plurality of elongate

el ectrodes, a collision cell, an ion detector and a tine of flight mass
anal yzer, the nethod conprising: a filling stage conprising operating the
ion source to generate ions, 15 introducing ions generated by the ion source
into the first trapping region, and operating the first trapping region to
trap a primary set of precursor ions i M*oduced fromthe ion source, the
primary set of precursor ions having a 20 relatively large range of nmz

val ues; a3Bi.Toe @etb@dioﬁ/anmlyﬁisléﬁmgéZQdmpﬁﬂbimgmmapeaaging the first

t rappi ng reQ'qﬂt%% S%gﬁétﬁong 1] Eoség é%§§q8§§%ugj E%%l%nl%%r¥ g¢t of

precursor ions secon afy-set § RaviAg-an

i nternmedi ate maageeﬁbndﬁkiapﬁin@sxe@h@memy'd(pﬁd&ﬁﬁérﬁymeﬂheo&eabuddaheapping
region while retaining other jons f the primary set of precursor ions in
the first &Bﬁ%ﬁ& PegPBh® 4 %ar%%eiﬁT%%g the second trapping region to trap

i ons 5from3t4thtel metheBCORAAl Y SUDS et - Qfip T G S tdMSinigntthaduced fromthe
first trapping region, operating the ion detector to obtain a mass 5

spect rum of ttpa‘fﬁ@édemmgeﬂréﬂntﬁbumdm@e st et ndansigh st houpomaisor i ons,
and perfornln%_g rhyugalbity of fragnentation/analysis stages of trapped

i ons fromthe firtst secondary subset of precursor ions; 10 a second

sel ecti on/ &%alry sieshstlagé tanpemsnags opesationgetry using a mass

spectrometer comprising an ion scurce, a first trapping
10 region, a seccnd trapping region comprising a plurality of
elongate electrodes, a collision cell, an ion detector and

a time of flight mass analyzer, the method comprising:
a filling stage comprising

coperating the icon source to generate ions,

15 introducing ions generated by the ion source into
the first trapping region, and operating the
first trapping region to trap a primary set of
precursor icns introduced from the ion source,
the primary set of precursor ions having a

20 relatively large range of m/z values;
a first selection/analysis stage comprising

operating the first trapping region to eject a
first secondary subset of the primary set of
precursor ions, the first secondary set of

25 precursor ions having an intermediate range of
m/z values, thereby to travel to the second
trapping region while retaining other ions from
the primary set of precursor ions in the first

trapping region,



the first trapping region to eject a second secondary subset of the primary
set of the precursor ions, the second secondary subset of precursor ions
having a different internediate 15 range of niz values, thereby to travel to
the second trapping region, operating the second trapping region to trap
ions fromthe second secondary subset of precursor ions introduced from
the first trapping region, operating thetion 20 detector to obtain a nmass
spectrum of trapped ions fromthe second secondary subset of precursor
ions, and perform ng agrensdingy tbe strapgdebtappPond aned el ststtapas iohs

trapped ions from the fsc%grf'%%es%ﬁ‘%Ban,XcéH@ﬁ iy L ;%‘f}glg%céfsc!ro%nts

wherein each of the respective pluralirtfy o ragnen hal ysi s stages
conpri ses operating thermseecauder ggpinngheegipatt orgpetigaredvsd, ary subset
of precursor ions with a 30 nelat'veL%Png%rOM/range of nf{z val ues

substantial |y ort hogon&dHSF Ak ~88pe CERECHOLO PR ERET oh BFS%®I ongat i on

of the el ectrodes such sghatrdhey argpbBlr oddsedrbmt ond hei €0t | dsd 8] |
operating the collision cell such that ions from the tertiary subset "of
precursor ions ejected Bfsadmath@rseesaart tappi ngnd et vHcHRENS raagnent ed,

i ntroducing fragmented i,0ns ;" h ISl ' ' of flight
mass anal yzer, and op Hatl%diﬁﬂgkt?ﬁéggkh?%?gﬂ??%%ééygégl%Q%?é%EEEobtain a
mass spectrum of the fragmesdedonengrom the first secondary subset of

precursor ions;

10 a second selection/analysis stage comprising operating
the first trapping region to eject a second
secondary subset of the primary set cof the
precursor ions, the second secondary subset of
precursor ions having a different intermediate

15 range of m/z values, thereby to travel to the
second trapping region, operating the second
trapping region to trap ions from the second
secondary subset of precursor ions intrcduced
from the first trapping region, operating the ion

20 detector to obtalin a mass spectrum of trapped
ions from the second secondary subset of
precursor ions, and performing a plurality of
fragmentation/analysis stages cf trapped ions
from the second secondary subset of precursor

25 ions;

wherein each of the respective plurality of

fragmentation/analysis stages comprises

operating the second trapping region to eject a
tertiary subset of precursor ions with a
30 relatively narrow range of m/z values

substantially orthogonally with respect to the



10 wherein the tertiary subsets of precursor ions for each of the secondary
subsets have different relatively narrow ranges of nfz values. 36. The

met hod of claim 35, conprising ejecting tertiary subsets of precursor ions
as pulses with tenporal widths 15 not exceeding 10 nms. 37.The nethod of
claim35 or 36, wherein the relatively narrow ranges of mz values span the
i nternedi ate range. 38. The nethod of cl #°m 37, conprising determ ning the
width of the relatively narrow ranges bggreference to a prelimnary 20

mass spectrum 39. The fEtHSHIGR &ty CoPRERAIFR 35 the 3B et T Biser ati on of

the second trapping redirqh, 1ol lagkoRneebhuadd 1hv® ©fe ddiohd; s anal yzer
is tailored according to the tertiary subsets of precursor ions and its

fragmented ions. 25 40.9Raraidérm rdss copéétionetel! conpritialy laamd dirogour ce,
an ion trap, a colli S'tci{l: Ct%lxjtflaar}q( b5 0R 8Fe%{t%%€£sopn%r¥%|e§%g@eed ein: the

ion trap conprises plurality of elFongate e es opera 0 provide a
trap@ing field to trap £fz30n itdres seabhddueedpingnrédeon oar s ofrapnedBAd W th a
relatively broad range and tode%hlect trapped i ons over a

t

of mz val ues
rel atively narrow rangem&'frcﬁjizuzc]\%fl &é?gg‘%ﬁe RS t FEOT o Xt ¥ded from

the ion 50 trap substar,rhtlilalilnytoortth@olg%@l by EPi%lkI'@ figeciion, Ay, eengation

of the electrodes; the collision cell is operable to accept 1ons ejected

fromthe ion trap substammtiadiing dhehégoaabfyanaht onass famyhedrr decept ed
ions ; and the time of Jﬂﬂé¥H "R s spectrum of the fragmented ions,

10 wherein the tertiary subsets of precursor ions
for each of the secondary subsets have different

( relatively narrow ranges of m/z values.

36.The methed of claim 35, comprising ejecting tertiary
subsets of precursor ions as pulses with temporal widths
15 not exceeding 10 ms.
37.The method of claim 35 or 36, wherein the relatively narrow
ranges of m/z values span the intermediate range.
38.The method of claim 37, comprising determining the width of
the relatively narrow ranges by reference to a preliminary
20 mass spectrum.
39.The method of any of claims 35 to 38, wherein operation of
¢ the second trapping region, ceollision cell and time of
{ flight mass analyzer is tailored according to the tertiary
subsets of precursor ions and its fragmented ions.
25 40 .2 tandem mass spectrometer comprising an ion source, an ion
trap, a collision cell and a time of flight

analyzer, wherein:

the ion trap comprises plurality of elongate
electrodes operable to provide a trapping field to trap

30 ions introduced from the ion source



anal yzer is operable to acquire a nmass spectrumof the fragmented ions.

41. The tandem nass spectroneter of claim40, further conprising an ion
detector | ocated adjacent to the ion trap 10 and operative to detect ions
ej ected substantially orthogonally therefrom 42.The tandem nass
spectroneter of claim4l, wherein the 4% detector and the tine of flight
mass anal yzer are positioned on opposing sides of the ion trap. 15 43. The
t andem nasshsperteilativelyobrang eshngeacis @ tvalé2s anderte meijtdue ti me of
flight mass anal yzer is of the_ orthogonal acceleration type. 44. The tandem
mass spettPBREHeLOBE EVEINP4TSlRfdVErY PRETPPmEANGe Of gHiZ VRISV Fer s
gridless A ite.l r onpri sing first and second ion

st orage 58 gnggebéﬁﬁgpgﬁsa%agg%gébgggﬁk?gFIéogb-axiaIIy, 4.. the conmon
axis defining an ion path through the first ion storage volune and into the
second ion storage volunme, the first ion storage vol une being defined by an
25 entrance el ectrode at one end and by a common el ectrode at the other
end, the entrance el ectrode and the conmon el ectrode being operable to
provide a trapping field for trapping ions within a first relatively broad
range of mlz values in the first ion storage volune, the first ion 30
storage volune further conprising one or nore el ectrodes operable to eject
trapped ions within an internediate nm z
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trap substantially orthogonally to the direction of

elongation of the electrodes;

the collision cell is operable to accept ions
ejected from the ion trap substantially orthogonally and to
fragment accepted ions ; and the time of flight mass
analyzer is operable to acquire a mass spectrum of the

fragmented ions.

.The tandem mass spectrometer of claim 40, further

comprising an ion detector located adjacent to the ion trap
and operative to detect ions ejected substantially
orthogonaily therefrem.

The tandem mass spectrometer of claim 41, wherein the ion
detector and the time cof flight mass analyzer are
positioned on opposing sides of the icn trap.

The tandem mass spectrometer of any of claims 40 toc 42,
wherein the time of flight mass analyzer is of the

orthogonal acceleration type.

.The tandem mass spectrometer of claim 43, wherein the time

of flight mass analyzer is gridless.

.A composite ion trap comprising first and second ion

storage volumes being arranged substantially co-axially,
the common axis defining an ion path through the first ion

storage volume and into the second ion storage volume,

the first ion storage volume being defined by an
entrance electrode at one end and by a common electrode at
the other end, the entrance electrode and the common
electrode being operable to provide a trapping field for
trapping ions within a first relatively broad range of m/z
values in the first icn storage volume, the first ion
storage volume further comprising one or more electrodes

operable to eject trapped ions within an intermediate m/z



