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[0004] Time-of-flight mass spectrometers are based on the difference
in velocity attained by ions of different mass-to-charge ratios (m/z) when they
are accelerated in a vacuum by an electric field. The common arrangement
for the measurement of this velocity is to place a detector at the end of the
flight path and determine the time required for the ion to reach the detector
after acceleration. So, for a distance d between the acceleration region and
the detector and a flight time of between the time of acceleration and detection
1, the velocity v will be v = d/t. Since the distance is the same for all ions, their
arrival fimes are different with the smaller m/z ions arriving first and ihe larger
m/z ions later. This approach is called “time-of-flight” (TOF) mass

spectrometry.
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%ﬁﬁné@&lws‘deﬁor&mg two (or more) stages of mass analysis in tandem. A

two-stage instrument is an MS/MS instrument, which performs two (or more)
independent mass analyses in sequence. In the most frequently used mode
of MS/MS, ions of a particular m/z value are selected in the first stage of mass
analysis from among all the ions of various m/z values formed in the source.
The selected ions (referred io as precursor ions) are energized, usually by
collision with a neutral gas molecule, to induce ion dissociation. The ionic
products of these dissociations are soried into a produci-ion mass spectrum
by the second stage of mass analysis.
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[0012] If the two mass analyzers are the same device used sequentially
(as with ion trap and FTMS instruments), ions having a particular m/ value in
the precursor mass spectrum are isolated, and then reacted, and then the
mass spectrum of the product ions is obtained (Roussis 2001). This process
must be repeaied for each m/z value in the precursor mass specirum. The
time required for this sequence compounds the duty cycle inefficiency of batch

instruments. For full single MS spectrum generation, batch mass analyzers
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cells and the size of an animal required for drug metabolism tests all depend
on how small an amount of sample is needed to provide the desired
information. This is why, for full spectrum generation, higher sample utilization
efficiency and faster spectral generation rates are preferable. Regarding
spectiral generation rate, the preferred mode of sample introduction is through
liquid chromatography, a technique in which the sample components are
sorted according to their reiention time on a column through which they pass.
As the various compounds leave the column and flow into the source each is
present for some 10's of seconds or less. This is then the amount of time
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advantage of the TOF-TOF arrangement over the Q-TOF is principally the
faster access to specific precursor m/z values and potentially faster generation
of the full MS/MS spectrum.

[0019] Several researchers have conceived variations on the time-of-
flight mass spectrometer in which all the precursor ions are subject to the
fragmentation mechanism without preselection and the product mass is then
determined by subsequent acceleration. The identification of the product ion’s
precursor mass is then made by the time difference in the detection of the

ionic and neutral products of the fragmentation (Alderdice, Derrick et al. 1993),
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Conzemius and Svec 1990). It would be desirable to provide a device that will
do just that.

[0022] Time-of-flight mass analyzers have been previously used for
product ion dispersion in MS/MS instruments. In such instruments, the first
mass analyzer has sometimes been a quadrupole (Bateman and Hoyes 2000;
Whitehouse and Andrien 2001), TOF, sector and other forms of mass
analyzers have also been used for the selection of precursor ion m/z values.
As discussed previously, ions of only a narrow range of m/z values are allowed
to undergo the mass changing reaction at a time in such systems. It would be
advantageous to provide a device in which each whole batch of ions would

6



mass anal yzer-has sonetinmes been a quadrupol e (Batenan

and Hoyes 2000; \Whitehouse and Andrien 2001), TOCF,
weoeeatdmssand ot her forns of mass anal yzers haveCcaiusen04/008424

been used for the selection of precursor ion nz

waldeego fragmedltaimstsgdthar enddbheh e disparset] imisugh a way that the

AL AR el s PR o rdbh St 6y BRERISE, |
woul d be advantageous to provide a device in which

each whel®n DatehvaitidrrRIhveesslvibg\WP tRE RHH2BSRE8mA components
PCT/ US2004/ 008424 undergo fragnentation together and

wﬂmedéwrarrm@@hlq peaksavesandpta thersignrls egch cgmpaund would
et e AR BR et bR Bl TERFRLBELLHmbEhed it

%v@ﬂabpnn@r@n‘ommaphbmamm ifh]h‘i@ spemlanﬂmi'mapeaksobiamed
over | ap Into the signals each npound woul d

S Etep oD o0, GNes Brepeak TSG S therId i corpRounds. Unti
3ic ﬁ@'m% Iﬁ%:&g%‘bbgn%\é% h‘@ﬂ@hé‘@ f&ﬂ?—aqﬁ{tgﬂélﬁﬂ% %@ﬁﬂ%’aﬁsé spectra.

ctra ormation I's obtarned
rfat aspdct 20 thie ib@rtiones thpeavaikzdilityiod the il 3-d @pebtral d@a ona

TR il RIS T TR
Qﬁﬁmbhé%n' ;ﬂ%@ﬂbﬂ%@/ the I\ViQﬁv‘iS‘éﬁeité %th!dtMaRé d%BSn\f/élhhor?’ sfll more

spectral 'data on'a tinme s sur't
«fficctiee dg‘rcthplex deixtbine anatyisis. Famresaut lllql.mh shromatography and

Sgg}j\ﬁéo rov q‘:?q oﬁﬁi ﬁwegﬁl gfgcl\@%ﬁfl% fléh??sfm ﬁ%everal times

'”évé ééc@ﬂﬂbtfé‘#éh mfoPé ofteAs A inhprovesheditd Wr@ﬁfa@@ém h
wdl\/BI\/fS, it is deswableto%btalnthef Phy

r@pmsn. the peskiwidihss sapid specirakgeneratjen wlh b@@ﬁme @Nee\mﬂre
L R L e P

figzonvOlution ligiet bilnhe M&VMS;ldataia@célleizied for thevanis logitch of

with respect to chromat ographic onvol ytion is that
Jons frRen e Sasren 6q thrdhet W t:%a%&ertenseéraﬁhr%%f@araﬁh'c

S ahidE SR ?é‘BFﬁes@atyl%%dtlh%g deebhvdiitidiPstep. This lack of

romat ogr ap time anong e
tepectiat skeve éiveny walwtrﬂeuntheoapplloanostoéuecahvcﬂutlmBlg@hthms
spectral skew is very valuable in the application of

' ' SUMVARY CF THE | NVENTI ON
%@ngwbg%ﬁ?ﬁ{é?%'\l nvention resides in
provi do0g4]s o a’r’sp&‘l’bﬁfhe |hbéiﬁtlc$rvPésincﬂééSan}ﬂ@K/ld\MySsuch a device

reV| ousl y nmentli oned desi red. Such device is

rtbat fufdle whata@@s)ptm/mlwmtlpn@d |awteﬂlre6n $chug deyica is
el RAL44 R o BB HAIAS oFes it o)
mass analyzer in combination with time-of-flight (TOF) mass analysis for
simultaneous dual axis dispersion of precursor ion and product ion m/z values

to provide 3d specified data.

[0025] Conventional TOF mass analyzers have been used for product
ion dispersion in combination with quadrupole, TOF, sector and other forms of
mass analyzers that perform the selection of precursor ions by their m/z
values. In such conventional systems, ions of only a narrow range of
precursor m/z values are fragmented, and their fragments dispersed and

detected at a time.



si mul t aneous dual axis dispersion of precursor ion and

product ion nfz values to provide 3d specified data.
wpQORBBsW®oNvent i onal TOF nass anal yzers have beemussmd/ 008424

for product ion dispersion in conbination with

quadr [ipaR6g, InTadeordaeowitiatite prdsent fnrventionf all theesprecursor ions

el e nafing TeRchdf St s BEpehaRe '

@@Iﬁnéﬁtaﬁ&h)vs.ﬁmnahémw HeeheDOP U@é‘fiérr&@h d&an¥a|M§|th@S
are fragnerted, and their fragments dispersed and

infowvation about thenrecarsaprzovallo 5w whichT et oo usd a4

R et LE b Sty shOTIBERF BN AR RRY (Rex sPretime). o
tige p&semdiyfrohvéu e preXxolkdiss eehbhe detagrmmoatizenbaich of ions
si mul taneously, but the DOF di spersion contains the

i2ReBEREL i on about the precursor nfz val ue from which
each product ion emnated. Through the use of a

t wo- dg@@iﬁ ?ﬂél\lﬁﬂﬁtﬁ%ﬁ%he@%y ioPs iz 'b eﬁ‘hi'nedt f'gke distance

pr odu rom a recursors ca et ecte
demblmlamodn givieni mneuntmfainye_em thi©oasq, um dimebbitighi/between

A BehS anl asma arsrelion T Picsdibe el ik BoP g istance
ttl‘d% & isfdifféint b\mﬁ%s f’bnseﬁé\hﬁﬁ%\ﬁ@r m%mé@aaoaﬁig further than

acce eration 1S the same ons, but
dhaseawith highervelzed hl$a::p|f0B6hd‘taS thherelméoﬂedrwmmg@ted or

l.o nl al t i furth th

iRBTRROT el BaitbsidAbei watld Bl Aiknan B drko! for each
HEBATER Sf Rn travBll NGO IRslve RS WRATHE eeRBAEoT iheXPemsive

requi re a separate det ector for each increnent of .ion

dedeeipr aneys, thiseprrpachis ﬁwteh pragtigahand it offess pams; djgtinct -

S BFtles” K Bl D ARSI BHATEER o Boo-of

" (DAIFY Phss @éwmtqrth cal | ed "di stance- of -
flight" (DOF) mass spectronetry. [0028] The pri nci pal

advant age o theDC]:a h t

o haDOEe Theduingiab AOURIAGE aL e Biato aBpIoas Ry 66 TOF

aeﬁﬁ)‘i’HQél‘l eg tHé“re%gﬁgi%nrfﬁaﬁé tﬁé‘@é‘nédé‘%n mBkses is accomplished
m nat es t e nee I gh=speed el ectronics and

do spacegathes thanstime. déiie elimirates thennedd fordiighspeed electronics
ar_ ti.ne.

A g syelling % SBlefning IndiafRbet Bt <Bls dtiliforafshe detector
RS ar’h@ﬁ@r“ﬂ’hﬁ@nl@k@@%ere&é%%éiﬁr@@dﬁteé@ﬁ féreedth ibhenass

|ntegrat|n e, accurul atin

resolution elemen{J Each detector can be of the integrating type, accumulating
the ion charge over any reasonable number of ion batches to improve
detection limit, precision, and dynamic range. The detector signal intensities
are presented in order from the most distant detector element to the nearest to
produce a mass spectrum. Alternatively, each detector can provide an
independent signal thus providing a measure of the ion intensity of one or
more mass resolution elements as a function of time. This latter mode would

be particularly useful for detection in high-speed chromatography.

[0029] The DOF mass specirometer can serve as one element of an
MS/MS instrument which has the capability to produce the full three-
dimensional intensity vs. precursor/product m/z spectrum for each bunch of

8



the ion charge over any reasonabl e nunber of ion

batches to i nprove detection |imt, precision, and
wdapaarssoe ange. The detector signal intensiti eBCTAISE004/008424

presented in order fromthe nost distant detector

édrenexitadted fioe treas@stet A “distadoe-of-HighdsO QP potassranalyzer is

s8R Rbibiniopnain £ESEEh: (o ek SelBisfor precyrspr and
ipPb st idispeSioAN Al atiRe tRROF Qﬁéésléhél?z@ &IFEPé B1s88 with
a function of tinme. This latter node woul d be

glignergian an pysapoeddimessiopdodreduee MS/MYaregesd
chr omat ogr aphy. [0029] The DOF nass spectroneter can

e TR T 8% R A sty son
isitheltendopsis whileestiiretainipg ahle essantial spleahation bbouktheh

bunch of 8 WD 2004/ 085992 PCT/ US2004/ 008424 i ons
HATRIECHERON Mz Valyg TEm ity eael predugt jon pgignated.

Dl Bt ¥ 3ot REL YR ERSFRURRIA oG and fime-of-

Migid o & 2Hdéipensiooal. arkhy)ealhthia predypct ome fRER altdhs precursor ions

anal,yzer, can, be us i,th . dispersign in a second
GPRAE RS BF satt oAty Aot aBehzed 00s0] Al the
precursor ions can undergo the mass changi ng reaction

BRIEF PESORIPTIONOFETISE IDRAVWANESY Ng the essenti al
i nformati on_about the particular precursor niz val ue

from WA keka beitetundenstanding ahthedpresent invghtiemeaefarence is

Fhad i o TR IeerDRf ShSiade O T awipSl ¥ the
Beope of thedimvehtiomissdt folth imtesappendedoiaims:an be
detected for each batch of ions analyzed. BRI EF

under £1%naiSH9VEY S SRRSRLS SRETPRVANA PO SPRFEBRISE i
GRSkl Shb BHRHIABAES! Bl Alerish;acCOTPanyi ng

aw ngs, e the scope o e invention is set
forth in the appended clains: Fig. 1 shows a schematic
di agr 4nig.c2 isaa mptic repnesentatipn of it exitaction and Hetaetion;
enbodi nent of the invention; Fig. 2 is a schematic

3" Chondoa o S 2 g iR o ks 8 gt Versus fon
fub/k gilenvssisg sonstant ehergytextragtiong const ant ener gy

extraction; Fig. 4 shows a graphical representation of
an expanded section of,

Fig. 2, useful for . .
ol ect Fidpfaons» SERnical arepentation ?’Jé?ﬁ eyRanded section of Fig.

2, useful for electrospray ionization analysis of peptides;

Fig. 5 shows a graphical representation of ion flight distance vs. m/z

with a constant energy extraction field applied;

Fig. 6 shows a graphical representation of two-field, time variant
extraction of ions designed to achieve a linear relationship between distance
of flight and m/z;

Fig. 7 shows a graphical representation of distance of flight versus ion
m/z when using constant momentum extraction;



Fig. 5 shows a graphical representation of ion flight

distance vs. nlz wth a constant energy extraction
woizaed4hssgopl i ed; Fig. 6 shows a graphical repreBemtuazioanos424

of two-field, tinme variant extraction of ions

desi ghigl 8 shawisiegmphidal nearesertatibn@ssihiFfigbet buwtdfar a limited

o tBBnafvmanb e 8 ISeE s poird e 005 Bsn ALy 3

when usi ng constant nonentum extraction; 9 WO

2004/ G#p 99 3hBw/ 4 SHEMARE eptéserttafion 8f 8IMPOF-POF mass

graphical representation as in Fig. 7, but for a.
sPafirescopy instadgent wilh timmaeaensitive affay setectpeand mithny 2

CRABORIASCIAL iRTecEhfiedhe v fhe BVSARYE, @ Schematic

epresentation o Mass ~spectroscopy

instrunment with tine-sensitive array detector and with
phot offiges©@ ishbwara graphicad relsasenisitivh df ldetecticenirme plotied

Fi g, hows a.graphi cal representatigon_of detection
Poiosh eI PO Ridustions BEoNE 5 of Spefalin Rarameters
PR $\RieARf Figlo.0f operating paraneters in the
éystelﬁ? rFtiﬁg.§9; Fig. 11 shows a schematic

representation of the conbination of DOF and TOF mass
spect Figvel sbowsar echematitreprasenietion obthaecembination of DOF

di b lied h
s R N N A SR
ta@isvérdeidistafce by & bwepvoltige BPpled RERY @SRictibn Ylates in
Figure 11 taken along the line 12-12 of Figure 11;

prgordagee yvith thedaventian;of the detector array taken
along the line 13-13 of Figure 12; Fig. 14 shows a

sche | C LAk

FEeTR 12 SRR SO 0 R R BRI Bilie 1 ko
atmgetherlingt 12302 off Figurehtt; DOF precursor and fragnent
anal yzer. DETAI LED DESCRI PTI ON OF THE | NVENTI ON [ 0032]

Do) o 13 58 AR ety bt i Bl Afta teRer Blong the line 13-13 of

tri@reter. Sanple 11 is introduced in liquid form
into an el ectrospray ionization (ESI) apparatus 12.

lons are formed in the )
Fig. 14 shows a schematic representation of a DOF precursor and

fragment analyzer; and

Fig. 15 is a schematic representation of another DOF precursor and
fragment analyzer.

DETAILED DESCRIPTION OF THE INVENTION

[0032] Depicted in schematic Figures 1 and 2 is an implementation of a
distance-of-flight mass spectrometer. Sample 11 is introduced in liquid form
into an electrospray ionization (ESI) apparatus 12. lons are formed in the
region between the end of the sample introduction capillary 13, and the first
inlet aperture 14. In addition io the ions from the electrospray, molecules from
the gas contained in the ESI region also enter the entrance aperture. The ions
entering the entrance aperiure are separated from the accompanying gas by
the use of an RF ion guide 16 composed of parallel rods or stacked discs.
These devices provide containment field for the ions while allowing the gas to

10



regi on between the end of the sanple introduction
capillary 13, and the first inlet aperture 14. In
wadadi4osse2t o the ions fromthe el ectrospray, nBCeaSk@®g/008424
from the gas contained in the ESI region also enter
bbpuenpedhaney dyehe uvlaeuuﬁ’hpx_l mprattachet do ithig firstevasntmacicamber

t th
TRe 108% St ranS RSO ade ACURFLRABYT B8 16 e plcond
K/QQ&urﬂrch%h%‘é?e@ #rGEgh the-ﬁh?éf@hgr%\’)bi; Sﬁﬁ@é QY Sé’in? gwded through

contai nment field for the ions whil | owi n gas
seidlarifiee b.soelectu&a‘%@s Fgfas/ﬁmombmsim sem@nmmwurra@mmber

Ao e ais A REAER BhRTRR vk 2 o ns ititfatel os or

LRI ST ORis Hévice it iRcgas @iste ivas iHimdukatirim 1% first
through the interchanber orifice 19, being guided

vaeugichasaher, Bravide Bossiblel fusher eedquclipadn dgadressie ibr@ugh

T e e

sarefligatpdins den pliisg derikeaccnisiphetidbystreation ofis Iongltudmal
introduced fromthe first vacuum chan&}ﬁg
@@é@?tlﬂl wefl withie fhe slgiRee 8avics kyapRlyiag é'OE%g%ghgnds 22

| I
2HA2% 55 Ifeh Phiing B IGoRUAKE B <L @ mBlE el ifedor
storet dors ouingf thelexit énd ofr thetdeviceoénaiirto tiyg falldiwinkgdg vacuum
%gaenti | well within the storage device by applying

es to grids 22 and 23 and then changing the
I ongi tudinal fields so as to nove a pulse of stored

i ons qu$339f Thé Bafdk of |§ﬁ§I fr@f‘n irféeloﬁ 1§ eterd Atieldifiée region in
fol |l ow ng”vacuum chanb ; jGThe batch of ions
eing

the thitcheagusm shamber.e Thermuiae o weycegtan ions of several

TBRREE o I ARt B Qe sl Frcite TR U R O o
tdafstnt ertradliors pdlee $iors es prddedintgionestoref ard palrsesimm'atus
extraction pulse fromthe preceding ions store an

doe iensapil allhave roughly thersame eneegy hhgieveloghn il th?@ be a
g@ﬁﬁ@?& tﬁsérr mb WIﬁ']JﬁS“&éF Vale'rh/z fohits hQ@lng c-hg(#ﬁ% 'vgfécny than

val ue nifz
H\mngﬂ’lwﬁh\mglmwta}uedﬁaﬁm/zt Bsths ﬁmehhgitms realch dbe ofthogenal field

e ions.reach the orth

Sxrpdiion BlRa R they Wil gisppriedscrdpare deibutoralipg An
te‘?dlja@ﬁbﬁ msé i¥ ‘i‘i‘l%‘rﬁép plféd b@fWée?Pﬂieo&t%‘é'tléﬁ rﬁilétetﬂe&nd grld 28 to

applied etvveen e extraction plate dgrid
nnrowdeearmﬁhngdnagﬁme to the E)ﬂSdntthle regm i the timéng of the

B i L
aaﬁjt@r"rgtgtgfi% Fg@ﬂl;ﬁédﬂtwle@% fHak kiedlions dffidterddiaire i eheof
orthogonal extraction region at the time of the extraction pulse. If ions of
differing m/z have the same axial kinetic energy from the pulser, they will have
roughly parallel paths as they travel through the extraction grid and beyond as
shown. Once through the grid, the ions are detected by an array of detectors
29 located on the other side of the grid. The position of the detectors is
linearly related to the position of the ions where they are deflected. The angle
of the detector array is a designer option. The ion intensity of ions with

different m/z ratios will be detected by different elements of the array.
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ort hogonal extraction region at the tinme of the

extraction pulse. If ions of differing nfz have the
weoeana/asd9al ki netic energy fromthe pul ser, thegrTmiskdo4/008424
have roughly parallel paths as they travel through
tlhterrogatian taf tre grray elandehisywili dhers provfidevthe dfarenationdiogrin which
t he gri d {he ioné are tdetteét ed by an array of

Fe8et SPECryd GRS LQNSTUGHEL ot her side of the grid.

The position of the detectors is linearly related to

t he pqeo34jon vall behdderstsoaitedtahishepparaRisteir s Ledd witheother
of the detector array is a designer option. The

ﬂabl@c THETey obsamplesions beth giready kRewrrand: vatite Hedeveloped.

bl gaies By e/ BAbeBh S e o SR Bl s ¢ Corption

Jomiagtion fFornsclidvend hap.lné sapi§s, cend biber fdrangvaf iondesoaption,
whi ch a nass sg@g‘ can be constructed, [0034] |t
Wanespevirgizelie igpgisamplegs aﬁ‘éé? B@U&a@wr@@mg trospray

‘f&“l)r‘ilﬁaﬁ’éﬁ1 eétmo%Hhéﬁ@t/)F‘es%al'é %ﬁém?gal ?&lﬂi’é&ﬁ)d Qf‘%aéé%h@ samples,
al ready '’known et to be devel ope se sourc

iohay mmmg@smmtlom grgsssons sr;mtples and gitisereldrina of gaseous
desor pti on q%rgl tion from,solid_ an

d |.
A Meteods <08 YeHubL S ERToR Bhizatipd irdySRdeiSdton
'u?n%béﬁfo'n%tl% thétHice] RRTEtep, Hﬂr&-‘a@@ﬂétéﬁﬁfa‘s& HE8S PRGN

el ectrospray ionization, at hospheric pressure
dodmatien. i oni zati on of gaseous sanples, gl ow
di scharge ionization of gaseous sanples and ot her

ot nod803l” R Sige BFLAGere oL RHE py Bcl@T B Bns nto the fon

istaviezanid polser bpparadds malyl bepdceompligted b<y awnetye@r Krow@T means
desorption ionization. [0035] It wi | |

m iR Sikng andpresrire Fedusdion: | DS would ﬁgzludﬁ Bthwtalament
Y ARPaPEr BRARGITOLS TRIadEAAAEATIU RIRSS HhcFother fon

nown neans ‘and pressu
roqadilnat elementéi §|mdnrlyj thm@msteré%éndquuﬂam@apparatdsemayelse

e, o et spie. Caneleallon T siner sitnlar fgnces in
%Pﬂéﬁ I@r@cé}%é limtEodifed sidrsd Whth r?iﬁ‘nm‘épf&gsﬁﬁﬂgﬁlsed in a batch

par al | rods, a cylindrical 1on trap, or ot
é‘ohsm@aeedmg nf@@mamalmia chhe entractad ibas nmay b@llcy@cm essentially

308 St hacal BeBims BidneRRin i A desREbifgnasBy so long
Gs\ieRs Mathedife RNt Yi/z VAlBes 3@yt ;§1M8|nb%[ﬁ@£mstfﬁdiﬁ‘éfént
or an m z -dependent energy so long as ions with

¥eladliest nf z val ues | eave the pul sing apparatus with
different velocities.

[0036] In one embodiment the normal operation of the distance-of-flight

mass spectrometer will not include a collision or other fragmentation cell
between the ion pulser and the orthogonal extraction plate and grid. This
region will be largely field-free, but may contain ion optic elements for ion
containment or focusing, or it may contain a fragmentation cell that is either
operative or not operative.

[0037] The orthogonal extraction pulse generator will generally be of
constant amplitude throughout the pulse. However, as with the extraction from

the ion store and pulser apparatus, a time-dependent extraction field may be
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[0036] In one enbodi nent the normal operation of the
di stance-of -flight mass spectroneter will not include
wa 20fosf®e on or ot her fragnmentation cell betweenuSkm4/008424
ion pul ser and the orthogonal extraction plate and
@pptied TAihe timiagi afrihevorthogenalangrsictionipeilsh falative foutheriary

FUHEl G puBe"Thd TP ERTRL RS s ¢ SR o ciin Siing circuits,
TheedkthitionqRAsald aspliet vitedn fREoAtBMRh ik PPbkitd Iﬂﬁa deflectlon
ort hogonal extraction pul se generator wll generally

atef27.const ant anpl i tude throughout the pul se.
However, as with the extraction from the ion store

and p e de| f THg ;
20, R3S, RBREH G e Ao HES CSERAE £ REL U the inventior
ameldeednbé@m thenQoigbef 2008 |mmeklcmLabotatow indrsarticle
reI tive 1o . the ion ext ul se and t he bynched

oyiHems. Kt PREHE %'rfieécg' K19 2 SIRlG 1en charges steefin

C t s

?}?ﬁ’&% PP B S iples ADAAIRRIA & o'riFs Sy ARSI A array of
thictyeectaraday cops wablassonlawd oircuiire isnllubtrated. Array detectors

Ak satia ety bt S Rbtar Sigyids, sr b dlsperigh o8 lorlg 3Y fegins of
lﬁ@é’él%’uc ﬁ’éldé'ar@' @§ﬁ1‘i‘rﬁé}bi&ﬂy availame %ridoéhdhha‘ﬁ'@}? deRichsizee
eV| ce and em)nst rates 1ts appl | Cat| on In a nNass

disewiseosnitast for e avithathednvention. t fude industriemof Styseridge MA

S35 BFaBlE bt B Wiherodan e ZERC v # Blorochanne

?}Mblthét Bas peea idemdiistratsthbtddyoriefh ford HetdloN &h nfass
ields are connerC|aIIy avai | abl e and such array

geestemeinand is suiledifoeuse mitadhedavendionni t h t he
invention. Burle Industries of Sturbridge MA nmakes an
i magi t

i o1 o ReiTlc  efy ai inclaRE et bl Blskae Gfightindse
fspectromedlelt (éIiDFfMS) im accosdarsqeewith dne inviendiod. iAdl iens beel

BpifecL Sary 1o dethetal aiih sgiR e iR Bl firtsitarances in
(tlﬁéﬁer@) THe &Q%qulé@ !5? ehbl i8R ﬂh%rbxm%ﬁ the @fSre and

are deflected toward detector at-the sane tine
pwise daviee taithe peiahof deﬂacamaszari e cahatated @8 .followes: For an ion

SebpBYafed L MRS Y sBOfeR iR & el TN neion Sielappton

l?g cal cul at ed as follows: For an ion accelerated |IS
neters in a source with a field of EVVm the ion
acceleration a is.

dv Eq
= = 1
T U M M

Integrating to get the ion velocity, we get

Eq
[av= o _[ dt @)
and
, = Eat 3)

13



a _dv _ Eq (1) dt MIntegrating to get the ion
velocity, we get dvdt (2) and v =1! (3) 13 WO
waQodss992 PCT/ US2004/ 008424 where M i s t hePComSnmg®08424
in kilograms and q is the ion charge in coul onbs. The
Wheredf & thiedononass imvlélograims ahd gisithedom chargg mesoulombs.

[ tai ne ng the.equatio

The RS the Ton bygid i g Shurgs i & iVvesb s pbtaingfl oy
Grﬁ»bgfaﬁﬂgltﬁ@ doeRYieR the source at tinme is seconds wth
a velocity vs neters per second.. Using these terns in
the reV| ous equation we get _ 21, M _ 1.04x10-8 x2l sm
% Eq Ez (7) where ion mass is now changed to 4)
hogsons m and the ion charge becones number of

el ectron charges z.. The velocity of the ions |eaving
the ion accelerati on region and entering the

i theslofinee f1ight region is v=Eqt- 2l 5Egy- 21SEz )Y2 8
s,Ms M 1. X 10-$ m () The deflection pulse is
a&xﬂ\i £ddza=t: ijvgr tdef . The di stance ddef the ion ha®)
ttaveled M the exit of the pulser at the time of
deflection is 2ls Ez J ' ddef = vs (tdef - ts) = 1.04
)6068 712 (tdef - ts) (9) The angle to which the ions
are | ected depends upon the ratio of their axial
accgh@ration within the pulser to their |ateral
dc-:g%?au on in the deflection region. Follow ng t{®
sa rgunments which resulted in Equation (8), the
velocity in the orthogonal direction will be

The ion leaves the source at time z, seconds with a velocity v, meters per

second. Using these terms in the previous equation we get

% 5 %
_(213M) _ (1.04x10 lest @)

Ez

~ where ion mass is now changed to Thomsons m and the ion charge becomes
number of electron charges z.. The velocity of the ions leaving the ion

acceleration region and entering the field-free flight region is

% %
_Eq, =(21sEqJ =( 21 Ez ) ®

v, = s Z
M M 1.04x10°m
The deflection pulse is applied at time ¢,,,. The distance d,, the ion has

traveled from the exit of the pulser at the time of deflection is

%
21 E:
ddef =V (tdef _ts) (1()4x—1(fmj (tdef _ts) (9)

The angle to which the ions are deflected depends upon the ratio of their axial
acceleration within the pulser to their lateral acceleration in the deflection
region. Following the same arguments which resulted in Equation (8), the
velocity in the orthogonal direction will be
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14 WD 2004/ 085992 PCT/ US2004/ 008424 V' 2l Ez Z (10)
(1.04x10-$m The tangent of the angle of ion trajectory
woablswssaeg ort hogonal acceleration will be | FeTHES2004/008424
which is independent of in/z. ' /T, |ISES Thus, as
see gur the same spatial relationship anong
wr}t%g;valous mz ratios that existed at the t@op
fQ4et1t0| is maintained to the noment of

Iect| tector Ienent L0 the detect .

g‘% Roge 0 HRo Fran SiiegPbe IR ool SB5EHton wi
Etector el ements can count ion arrivals or integrate

i on chdyge\over many extractions fromthe store and

Pl v ex E?-E,E}r aviich i$ mdapeadeohobi/zmany extracti ons wil |

resul t nproved signal -to-noise ratio. Also, if

Mhesdes ectwin Eliganert theaambeapaliberelatgaistip swmongdons tdth
i nt.egration and the s

YAHCYS w4 raios that e@%a:ﬁ%ﬁé é%gﬁe%gmlg nﬂzﬁt‘iﬁtalneddi() the
b
nfBrRBR & cﬁezl\clag;ﬁgeeﬁhgﬁn%ga%ﬂga%@ecttbﬁ%%erﬁ'nﬁ e fefedior AP

the 1ons sane poi nt

siptands aﬂﬁhr&hhprﬁdme&omz/(z vialue Ty Ide@dbtbreel@mmm can count ion
ene verse an att ctive fiel Ve]g(t
BBt IntedrBion hTORQvEr mathvras oS oy he Stbre and

bé %V%?ﬁﬂa@ué 1 Intégréﬁoﬁ%ﬂméw %@é&lﬁs' \ﬁllltr3§ult3 nﬁh&ﬁo%‘d

an el ectron Mis he mass the 1on in g Z 1S .
slwahtmbetsedfatlon iAlsq libthgedeteeotor elements cRincbe tﬂterc:ogqted during

d id f
the tnidiatien 20 b8 BilrpyBS ERdeni s 6 ks dlahd Bired he
elyn¥iic rdrige ofalsefiltivn Wikhsikies 48A . béeiNtreabed? x
1.6x10-19 x 6.02x10262 (12) m for an ion of 1000

Dal tons, unit charge, and an extraction field of 500

v, v $0049] g3rst assymesthat theplensdhavsrheenthirched todhesgme point
ﬁﬁggéw%ﬁgbggﬁ%g%l R ﬁ%ﬁ e I{Wétﬁoéiné’r@ Ll‘istfnegltllavb% an

eXtra ve essen sane
attractive field Vex upon extraction, they W|II achieve a velocity
1
v=(2€ZVext )2 (11)
M

where e is the charge on an electron, M is the mass of the ion in kg and z is
the number of unit charges on the ion. The velocity v will be in meters per
second. Consider an ion of mass m; Daltons and z; charge that has traversed
a field of Veyx. Its velocity will be

1
2 !
(Efz—V—tJ (2x1.6x10™ % 6.02x10 )2 (12)

m,

for an ion of 1000 Daltons, unit charge, and an extraction field of 500 V, v =
9.83 x 10° meters per second. This is called the constant energy extraction
method because all the ions extracted have essentially the same kinetic

energy. lons extracted from the store and pulser device then enter an
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energy. lons extracted fromthe store and pul ser
device then enter an 15 WD 2004/ 085992

wWOCTI#08S2004/ 008424 essentially field free regPOWUSEN04/008424
which their different velocities will carry them
eistértiadhytfiedt ﬁeamegignaih ovhich treeipdifferent vaeocitipsyeill carngeitiem

GRS T Rl

extraction pulse is applied until all ions have |eft

Cunstaniierergy befrastiort | on ddef along the flight path
for each value of nfz at the time of its deflection

t def ef =1.39x104td f 13 tnl [0042
oon doih Kiilthe S3a1c GRBeisnt GHRTEY HeaabadST MBich sy e

ehir8Efon éﬁl% égﬁpliéd aﬂﬂoalﬁahg?l%ﬁﬁ &P iﬁ%@%ntj\? position duy

instrune or an 1on o

blongatel fighiqiatinfar @odOvalue oftiresat thier itne of fits deflecleDg,, is
detector will be |located 4.47 tinmes farther along the
flight path than the detector for ions of mz = 100.
The position ion's point of deflection has a
sty as B3900f1, Fﬁ to the mz of that ion which (i3)
maans t hat tfq #i st ance between detectors that detect
adj acent unit mz values will be closer together

e labl oS s SREGHRIelr WG Bdssirotirgnge of ms
%onf) ?@6% 2@5@0 %aﬁbﬁ& FBr ELENGR iRstaREnt, '?z? {Ygléheﬁn@f 2900 =

for the extraction
s x dy@afqn@sl |on IOj nu’hﬂﬁ@@s In bmerombrelsoﬂ’\etme ZQﬂ]Osdetacmr will be

Wil 347 e PP B B0F or b defocS dons of me
#100.d¥he pbsiibh df BACHTIEN ¥ HAHROrIdeABLAGhES o Sfifle rdbfrelation

ope varies fromoO [ton at mz 200 to

Mf&m(mf thet iopywhigly mear[seth@@ the dls@mmtweenwetectors that
?e‘f%c? "y é’&gﬂ dugi;t 9\7%25@(% Wil 'B!lehcééseeigw%‘fggg %‘%g"&‘%qngh@}e% m/z

@hdrdf the detstortired n'Cﬁlsfr'eIthhbﬁlmQ WIutraterf redeasiot ot Figure 3.
will be understood that other detector dinensions can

I
and " BGEE NS plekad s § uSed ihenelues aiGADNbfer GaGa 20 ps
ﬁﬁﬁ@%&%cﬂ&@%‘@ té@@ﬁp‘gﬁésmélﬁeg ro?l‘y @#%s the scale of the

enentation mg r-an instr
Idisiammjansznmtethgegefneralasmipemf the parvereint thisfexaample, détectors

éggq O\fl%?rgpaﬁl Oaitiq F‘H’g i}lsééggteéll %’P\%uilng v%?ué/se{rgm 100 to
2000. The slope varies from 0.13 cm/Dalton at m/z 200 to 0.004 cm/Dalton at
m/z 1900. Detectors separated by 40 microns will provide unit m/z resolution,
even at the high m/z end of the scale. They may be placed further apart as the
distance from the source increases. It will be understood that other detector
dimensions can be implemented through the use of different voltages and

distances according to the above equations and arguments.

[0044] A somewhat more practical implementation might be for an
instrument with a more limited m/z range for a given experiment. A range of
700 to 1200 Daltons, for instance, would be very useful for the elecirospray

ionization analysis of peptides. A plot for this application is shown in Figure 4.
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i oni zation analysis of peptides. A plot for this
application is shown in Figure 4. 16 WO 2004/ 085992
wWOCTI#4082004/ 008424 This plot is just an expan#ed/uUsS2004/008424
section of the plot of Figure 3. Over this nmlz range,
tTinés plett éxjust ah expahdéd seetéon atdihaqeot ofufigtired z Oaadr dleis m/z

FRaosobe egs gt Pefdnguacatunt 54 Aues Vafi g 80
fnhieFBrRN&t 429 200 thNT0SHfrénd at hhe7@08, Tjust Rt BVt a factor of 2
| ength of the detector would be 5.6 ¢cm If the

d¢bpagedromene end efithagcatertodheiaiber7 Cthe tatabangtiosl the detector

80 ni,Gr spaci i Z_resol ution | d

St s g 3n e dfictoliverd 83 B RSl elements on an
Bl in@en sb@@iﬁ@% e fn/Ares@iiciniohliceddoesiiar bvarthetihe range

di stance traveled is a non- linear function of the

prosa (P84e i26R [eliongs exenplified by Figure 5, which

shows the ion flight distance vs. nfz with a constant

ext r aghj ' \/ | v derd v :

oal carbp ] Fbfe fontent ekt dispreliaveled is a non-
\Piﬁe'aafumloh rof tidn prefduzsctrg'enlm% Be re><eg1lmifiég gt iFigoreod, which
This non-linearity can be undesirabl e ecayse ..

DRV BRdAR NGt ClieRkecYs.da MR Gongiant AXrRaian Grldr As
THBEOSHRANE HERCILTLR, RSB e, o iion i
ke det eetadutior as adunctin afive/zc dhpisobpdineatityacan be undesirable

GRS RSP 5y A oL el it (P B bt range can
N85 € BE UnhRcbesiiIhGe dettbParrae AMRM ibAs ePWRIchsmaller m/z
given range of nmlz values is to use a non-linear

aaluerare also tetbardetagiedi th a | ower extraction vol t age,
the extraction voltage is increased with tinme. [0047]

Eg@egﬁ%e{]aggél%gpwégh{e%g)gﬁ%@f?shoul d be conpl eted before

the desired mz range
have left the extraction region. lons with |ower
val ueq0046]mAnothidripossibdity fordmelbezingabe etlatianship etdeen m/z
t hus have a wer velocity than_w th constant. ener .
B A EErGR 20d o GGG e lepials Of dtegior NedRp o Gver 4 given
eréﬁgé'o? RoEvaBs Sto 34 hHON-MHbat@aRlieh] Sarfing with'a lower
achfeve a higher velocity than they would have wth

extrsction veltageythexextraction noltage &s incrdasedomith tige. t he
range of velocities fromthe lowest mz to the highest

and tially | (i h L at i ip faqr .al

val ue SO Be'sypcliSiiafas Mk 3pBulhE g eistea Befpre the

Viohs at tHekrigh dirl éfithe eBired 6%k Famdehave lefntbiet éitizwtion region.
[0043] An alternative way to attain |inearization and

denp adth lewesvatues of m/z will experience less acceleration and thus have a
lower velocity than with constant energy extraction and ions with higher values
of m/z will experience greater extraction acceleration and thus achieve a higher
velocity than they would have with constant energy extraction. This will
compress the range of velocities from the lowest m/z to the highest and
potentially linearize the relationship for all values of m/z. For a wide m/z range

instrument, this would likely be the most desirable implementation.

[0048] An alternative way io atiain linearization and compaction of the

m/z values as a function of distance of flight is to apply an added extraction
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m z values as a function of distance of flight is to
apply an added extraction 17 WO 2004/ 085992

wWOCTi#082004/ 008424 region just beyond the ext PaTmiSL4/008424
regi on contained in the store and pul ser device. The
fegibd jestrbeygnid the extrasticre mgion erhtained ontheejorenane pliser

R i A P RRR el G0RGh o win
fumdubﬁnr@ﬂfec@néeiwmra@ﬁbn 86 $hatith8 .&i@a\bvltﬁhu eﬁ' \@Ilﬁas of m/z

subj ect ed her extraction field than | ower
mzergmgsfrwﬂathemwml@@ertthemlon&mthr%l@alleirpn/z ar@aul@eeted toa

HURER NIReBaiTeBl oD R FERRE bt e Rn R inset i

WidUrereesivbiss iifle posdibleatime-del ﬁ@hd@ﬁﬁ%l@e R buee BntdtRied
detector distance and the charge to mass (mi) val ues

Grirepiion vplbaged The isne-fepadense sheywmvwilhrasufin @ lmearhe
I

SO0 S 3 SRR BRE e B RErded e o

valuegi ¢f tHe detédtoddonsg. el at i onshi p betvveen precursor mz

and flight di st ance over a very wide mz range. In

the i Iems he first fiel is 200v/cm,,

bver 10048 A4 owsw%‘)w@ﬁeaw RBPisatioce nafan e giradtion

gﬂfs"eelﬁstﬁ% é’écbhdtﬂe‘i@ r r 8 ewB SR d'BkiPSctRin scSLh'%e gan y|eld a
traction as shown e inset in Flgure b.

diheaheelatidnship betwee;rup@e:urssnrzm fand flightadistaope onver a very WIde

7 . G e BGOR SERAR, 4 ks eBhS Zuck/crf Bef d om.
mmcﬂta@@dcrbaﬁhg 18 B&dorfePfidld adreasss wfthltmhé fron fHeeH)@@nnlng of

and ranped field contours may be used_to achieve

dopiexlanetinn as sbown otbsonsed in sigiei G.elThe tmfeomh@g@ﬂectlon
%Ls{:etal%%d)}ggpﬂ@%@% |s?cgoné?éﬁteaq 1t8°m 533/? ﬂbm%%f Etkcﬁh Figures 5

€ acCl 0SS regron o

drides verre deriggd frohliltHé@jrétlomycalduImwn@Stlf willese un@srstood that
;QXnam cally select the mz range and resol ution

heresmbipatigns ok itia) diekis qyd ’éﬂ*’f‘ﬂ?d f'F@GM]tO‘I"iS may bedised to
LjckR\% %EaéqLﬁvaﬁe B dfypusly increasing extraction

energy rmay provide sonme spatial focusing of the
spectrum (Kovtoun and Cotter 2000). lons that are
f ur t he[ﬂOiﬁ]cAltematlhelysma simmadjextra;ztlohastexmayrig@vaned to

et R et ROtinRindes Eg? ahbat e eici of i ddtBgior array.
R tifiavidy, ¥Re \Métﬁjrhé’rﬁsmﬁi{‘ dyREMIGIR s'éie?ct‘tﬁléﬂn/zsieﬁlfge%d

closer to the front of the source.
resolution achieved by a fixed detector array.

[0051] It is also likely that a continuously increasing extraction energy
may provide some spatial focusing of the spectrum (Kovtoun and Cotter
2000). lons that are further back in the source and thus have a longer flight
path would be given a bit more acceleration and thus, by the time of the
detection pulse, be able to catch up with ions of the same m/z that started

closer to the front of the source.
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WO 2004/ 085992 PCT/ US2004/ 008424 Constant nonmentum

extraction [0052] In an alternative nmethod of ion
wexbwastdoon, a very brief extraction pul se i srappiSemd/008424

to the ion bunch in the store and pul ser device such

Costdriteyomehturmn extraetion he sane accel eration force.

The extraction pul se nust conclude before any of the

- Com B B8Rt PRIk o B et prpactir
PN APl QT 1on BN@ZnUhe stokd)and pulsbedsvibe stch tﬂflat they

acceleration field strength in_volts per neter and
el receive the aameraeselemtior farcac tlihereXdidction prige nwishbepnglude

f.an ion.of nil |t ons,, w || . V=, S
SER A5y ks s RBLA BtEinS! Acoelaic region. Il oqnstent
@ﬁorﬁ@ﬁ@n%ddé’l@*aﬁ@h rmétngd &h@l 08 ailChetigee aandocity
subjected to an extraction field of 5000 V/cmfor 100

ns. Its velocity will be 48.15 neters per second.
lon€Zg®t racted fromthe source then enter an ]
é’s‘ser;,;ll ally field free region in which their di ffer(eﬁ’l)
velocities will carry them different distances al ong
the path at any given nonent in tinme. [0053] For the

vehese & is dba ecanleratinn:field atispgtnin valis perrmaidrandelsthe

SRR, TREL5 By B0 b Sy BR0G e

pul se is over, the ions are in a sense adm ni stered an
enerdggyz. burst that causes the ions to | eave the source

o= ther =< B0#x18f ter the pul se has ended. The nonentU®

is a™roduct of charge tines the field strength. By

provi di ng constant nonentum the sane anmount of

aoeterepar serpnd. oConsider apjion eti1@Q0 Paltans earryingea single charge

B0 st To, 2BCHietaRliah T8k EERGOEVER T4 BOGHs, WS pBibotty win
bb38.15MetePOpél s&edndNlons Bixtracrset frovnt theasotiree trivroentef an
100 to 2000 daltons, Ddet for ions with nfz 100 = 20

espaetialiydield &iee rggian iy whighdeir ditferentvelegities wilhearry them
different distances along the path at any given moment in time.

[0053] For the case of constant momentum extraction for which very
short pulses are applied that are so short that none of the ions have left the
source by the time the pulse is over, the ions are in a sense administered an
energy burst that causes the ions to leave the source on their own after the
pulse has ended. The momentum is a product of charge times the field
strength. By providing constant momentum, the same amount of accelerating
force is applied to each ion. The detector distance for ions may be calculated

using the following equation:

m.

14

Et z,
Dy, = 9.63x107t0{#J (16)

[0054] For an instrument with a m/z range of 100 to 2000 daltons, Dyet
for ions with m/z 100 = 20 X Dget for ions with m/z 2000. In this instrument,

there is a reciprocal relationship between the distance at the point of detection
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there is a reciprocal relationship between the

di stance at the point of detection 19 WO 2004/ 085992
wOCT4W82004/ 008424 and the mlz val ue of the i BAT/US2004/008424

detected. This is shown in the plot of Figure 7 for

hHhe thangevallie HPthd on2d6ctadl tTins is §T’ma~rpm theeplet of Eigade 7 for
inthis plot were 5 000 V/cm for an acgel

e reageof 160 tﬁgo%ﬁawsexw%é’?r%ﬂeﬁf%% I@g{is Q\O(% were
§*1 Ny/chh fb?ﬁ“%‘?\ %&e‘ié]%ﬁ@n {ﬁﬁ[s@@‘t ﬁf(ﬁng‘" and ah fe%rbcﬁé]?tlme of 20
sta a ut not ape of

nce sc t he overal
asr weairCengiarigeginfhgse pardineteds Will affectdhe distancd acale but not
the reciprocal relationship produces a_gr

Her shanareldhepverghelyge CARRRRG MRy S %16@%1%@ cAafee that
{Héereﬁgﬂééél réfé?bnéﬁlgjﬁlbﬁﬂﬁ r%?@é*te? Hif%réﬁé‘e ﬁPQébé@ver the m/z
acce

nerg rat ation m ght
parefeeplottdd tharOtE Sdnhme\reoi, ralatlmshlm@red g meewmtauﬁ energy
m nim zed .in, the %se of n12range

?ﬁ%@'?'ﬁ%‘@ﬁt'mpﬂ%em pnfr[}\ghgggﬁfé?ﬁ"e strument is shown

in Figure 8 This uses the sane nfz range as the pl ot

of F'Dg}lfsg ] Howdvdhirs %Rﬁ)@ diffeR@iceli® Beningiz8d i o of a
[ton at mz 1200 _and 200 microns per Dalton at

ited 007 range tn@tramerén@ﬁh@ Riet for suele eadnsiumentisEhawn in

0056

FRAEFh, 0t ST s
M@§IbPéi?é 67 micronsep@nbakorpat mkut20teand Qbermlcr@'i£p@relhalton at
potential advantages to such an instrunent. It is

s/ pP@ iThe t@%&ﬂﬂﬁ%‘é@fﬁ?ﬁ detectards @ €Me need for

hi gh-speed el ectronics in the detection system The

det en‘ﬁ'](flfs%’ i O&r@?ﬂlhﬁtcf‘a@&ﬁéﬁd?% SRy é?&ﬁn &y sidw clearly that a

accu e results of many i Bhs extr acti
DOFmMdss spmtmmeter isnenttirelypraciical inlenpletmentatian. Fhﬁher there

568 manyapoteftial asPatades e apiasunies 1o siials
gBﬁéﬁ‘é&ﬁ)n qp bVoﬁsftﬁé"n‘é%%F ﬁlbﬁ*sdéé@aéléétroﬁbs'irhme detection

I stances val ues "of 'interest coul
(sysﬂecy eahefdetedters cwld;hueu inteianafinghdevines fthﬁtaccumulatlon of

wever Bl ,&fﬂi b&b] O%)grr?tréféﬁs ﬁgﬁgﬁ%%ﬁ@ég?)ﬁqs%nttaﬂeaus

%%Péﬁt@ﬁs'f@ﬂth@c@ﬁtnd\dﬂu&ﬁ:lbﬂﬁﬁ@ﬂh@ﬁﬁénsﬁf@ﬁ eMﬁMﬁva!ue vs. time. It
capability, an ion fragnentation cell, an orthogo

al
sptiidake very carpacte drardaraated analysesi oriM f@MaqietectorS located

SEREL LR EREA 008 RIS Bt
diraphifgimgcthe ansteurnentt HowelEK praabipéise muyst excitingtaspect of this
instrument in accordance Wlt the invention

imVarigNs its POtERtal gechmeals o 1 v Sreh RpIIR NS BdEstrument
Hoft MM Thpbiiity? BntiBR fefinditatEF el an orthogonal extraction TOF

section and a two-dimensional detection system need to be added.
The application of DOF-MS in an MS/MS instrument

[0057] A schematic diagram of a combination DOF-TOF mass
spectrometer instrument in accordance with the invention is shown in Figure 9.
Precursor ions of the sample molecules are extracted from the ion buncher
and accelerated by the sudden application of an extraction pulse in the
extraction region 41. The various methods of ion production and collection in
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and accel erated by the sudden application of an
extraction pulse in the extraction region 41. The
woanimssoeret hods of i on production and col | ect POWUSZN02/008424
WD 2004/ 085992 PCT/ US2004/ 008424 the buncher are not
dhebanchert drienat rshoiwmgindbisadrewinge 8y aofaristy bf twedvamown optlons

slin vanauyBiicflo/ ARt Shodl aiFobd: Elicher PlapS e

tquitupdiE @ndaineaf ich BAYENTRe 'Féﬁs Q@@Oéﬁ'&tm)%edléﬁéﬁdént D¥locity
any of the several nethods nentioned previously.

rhm/@wyaf therseyetalmethoda ceentisinedpreEONEly. tHewpver in stter to

a3 Pieh SRS IRe T ABRBE <O kO B PP RM RS form

forego@need, as for exanple by application of an
i ntense, energetic beamof light, tined to COI nci de

with the apgear ance of a bunch of ions in th
[

f rag nrdﬂe%?ﬂ he PERfBROT iongan APAGRENDER 6P ffﬁ@@?%ﬂeqi,sas for
sur {ﬁzfges o pﬂc&ﬁéﬁ of'an téﬁsé 'Er%frgétllc béérlnec'lg‘]ft {g’ﬁ@ timed to

maxi mze t pr dba
eoindide: with tbé apbearams oﬂMbuna—inof ioos i ;tiwfragammhtwn region.

sspci at e t he fragnent sret sa irection
i PR Bitiondeoionas it Bis forth ot S el 42 4l el fadetting
Hutfaices ¥ YRh&heR tﬂ% ﬁrBSﬁ&ﬁg%f 6 @Xcitdtioh iﬁ@%ﬂ@ hen an
the kinetic energ uct ions Ther ef ore,
tlm sppntadneouslycdmoaates mlaeframen’rstra@n tiie same direction and

th the sane, velo t heir pr.ecu

Bt Yelntebiof RT @iEeBt ol St Givel SRR £r ¢ bpod
Qirﬁé?gy e ersiee dfhpe kﬁﬁéli%ferfé? V1efthd prodiuet Einé?? tl'hérefore the
precursor ions can be used ese include collisional

dredeetiians enterie nRext sfgoe Qf@nassSarmame;ls avith thiecsame ielocity as

R e S T G T

ameierstood that dther pretisbdd toerergidethe dr@il@rtsbrlmvcbalhbe used.
Ens et. al 1999; Cotter, 199 Part way al ong the

f Ih%ﬁ@t'“ﬁ'&fiﬁ coffigiong fjéﬁsoﬂ?élonf&"&ar%ﬁﬂlﬁtcp ﬁlqns@@@gseleqtmn
e%& begin is subjected to a second extraction pulse 43
that is orthogonal to the DOF flight path. This causes

ion fragments of different mlz to travel at different

vel oci[00%Y. Orilvogonal acceleration hime pbilight isssraployed de isost out the
vect or co Qse e ori

VB IBSTBRERENRE S bR R G Rty G ot al
EI9BE i0otteY 49D9J. PaﬂWéloﬂmhé mp ‘ilﬂ\{]ﬁe tipath,TRATEriYe

t he second extraction pul se. matical details
dragmeentetips preeass; the @@dmasnm %Ub,lgo'@deté 3 seeond exdraction pulse

Séﬁ)cfhia?% orthogonal to the DOF flight path. This causes ion fragments of
different m/z to travel at different velocities. lon motion from this point is a
velocity vector composed of the original linear DOF velocity vector (precursor
m/z dependent) and the orthogonal velocity vector (product m/z dependent)
imposed by the second extraction pulse. The mathematical details of how this

sorting occurs are covered in the next section.
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21 WD 2004/ 085992 PCT/ US2004/ 008424 Theoreti cal

analysis of ion trajectories. [0060] The total flight
woiom/osipoelet ection, tdet, is the sum of the ti FET/US2004/008424

bet ween the source and orthogonal extraction pul ses,

Theordativd! ahalysisrof iemtrajestoriespends in the orthogonal

TOF section, torfh- tdet = toe + torch (17) [0061] The

[ f
i one, Toagdl tﬂﬁqt&@@g%@ RS to ABiacdon EroBdRaisSbndt the:time
b@ﬁméé}f»frfémnbe SRRSO gIRLY eBadiltm FBGlées qf,, bhe tﬁé fﬁﬁ\@ihe ion

ion. This time is a function of the effective |ength
epemh@m %\Bt@fﬂglgﬁmal TQORg$ectipat h Loaf, and the
ort hogonal velocity vector vo,fh. Since the
g@t hogonal extracti on is constant energy, vorfh w|l

tve ¢ orﬂequatl on 2. Thus, t _ Lorth forth (1
orch forth V2 1.39x104 orth (m/ Z) prod where
Vo th [

¢ nd0 Gt g B or Srdion B Sk ARl e SR a&é&iﬁébut the
ltlhm spm it lllnmo:thogmacselctmn iof thee instrotresn dependsenly on the m/z
product jon mz_and is, inde ent, of _t recyrs
@ they/arageict of. 3 3&1@( S iLrEtp éflEquﬁe&(W%p lergths Beod
orth Bﬁélrfh#ﬁ’l' AdtnlQ9 %d {M‘Sﬁtﬁéq%ﬁéﬁéd&ﬁ Fvieefbrh L MSince the
pro at thetime of ogonal extraction and
onthogahalkexdfadtivn isicongtant ahergy| g Will becivan by pguation 2.
qn&q\é on the precursor mz. The position at which the
[ s detected is the sum of the horizontal
extraction position and the additional horizontal
di stapce Dotth iff moved while in the orthogonal
g5 tH o =Fhi-s—tat#&—termwi | | depend on the produc8)
ion nfes Thus 22 WG,2004Y085992 PCT/ US2004/ 008424

139 104( orth Aj\
(m/z)

prod

where Vo is the value of the extraction field experienced by the product ions.
From equations 16 and 17, we see that the time of detection is a function of
the product ion m/z and is independent of the precursor m/z value.

. 2
1.39x10% (2, —toe)J (19)

(m / z ) prod orth ( L

orth

[0062] However, the location of the product ion at the time of
orthogonal extraction and the value of its horizontal velocity vector depend
only on the precursor m/z. The position at which the ion is detected is the sum
of the horizontal extraction position and the additional horizontal distance Do
it moved while in the orthogonal section. This latter term will depend on the
product ion m/z. Thus
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Ddet =Doe+Dorth =1.39x104tCe Vext 2 +torthvprec | (m

/| z) prec Vext 2 20 Lorth =1.39x1041e VIXt (m|
wapoEmsswzp o 1 (In | Z) prec 2 Vorth (mI| ZpCprseno4/008424
and 1.39x104 t a (m1 Z) prec = Vext det (21) Ddet

Equati ons 18 and 20 de nstraté that for each ion

tec aAd, the product miz can
g@detunlt")eﬂu)élﬁyﬂhdé é?%lb?}é S

(Lg? Jrreas'tﬁ Fesrent of the
detector position and the déféction time. [00631 The

poi nts made by the equations defived above are further
illustrated in Figurge 10. Haer e,|”t he det ection time (29)
pl otted aT nst dat ect r(m/Q()SItI on for product ions

evbB?/xlﬁéQ W "¥fom precursor ions of

m z 800, Y7 an 0 pal to The val ues assuned in
this cal cul ation ” nd 2000 V for Vext and
Votth, an orthogonal @ f&ehki pn tine of 10 ps and an

orthogonal flight path equivalent to 0.5 neters. All

the product ions fall on the same straight Iine from

&N§i ven precursor m z value as seen from equation 20
where, for a given vaI ue of (mz) prec, the ratio of

t det to Ddet is a pstant. [00641 The cal cul ation

oY a ds@efh%ddet constant energy acceleration-q g
ions 11“Fom e ign source. As indicated above, a rarr(p
extraction vol tage may provide i mproved perfornmance

and a nore conpact detection region with constant
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[0063] The points made by the equations derived above are further
illustrated in Figure 10. Here, the detection time is plotted against detector
position for product ions every 100 m/z values derived from precursor ions of
m/z 800, 1000, and 1200 Daltons. The values assumed in this calculation
were 200 V and 2000 V for Vex and Vo1, an orthogonal extraction time of 10
ps and an orthogonal flight path equivalent to 0.5 meters. All the product ions
fall on the same straight line from a given precursor m/z value as seen from
equation 20 where, for a given value of (m/z) prec, the ratio of fges 1o Dyget is a
constant.

[0064] The calculation shown above assumed a constant energy
acceleration of ions from the ion source. As indicated above, a ramped
extraction voltage may provide improved performance and a more compact
detection region with constant spacing between adjacent m/z values.
Implementation of such an extraction field will affect the relationship shown in
Equation 20, but the unique position in the distance-time field for each
combination of precursor m/z and product m/z value will be maintained.
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(Vanderhart 1992). Photon excitation can occur with
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fragmentation chamber so that each photon will traverse the ion flight path

multiple times so as to increase its probability of its being absorbed by a

precursor ion.

[0067] Another possibility is the use of an energetic electron beam
instead of the light source. Introduction of the electrons without a disturbing
electric field would be a challenge. Collision-induced dissociation can be used
in the high-energy mode where energy transfer is accomplished with a

minimum of momentum transfer.
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i(Kedey 39981 Dorashenke amfd @aﬁteara‘tﬂ%b Berkout, &odter ebal. 2004).
optional ion mrror nmust provide accurate reflection

11 gn Aot  AYaca: difEne fom Henoifial orfiRiéepafrofiection
fusedtih h@mp@kusm@%mnumf&nt@)s tlﬁetaadéldenémhe'ﬂmogonal ,
detector arra own in Figure is.a serie
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fArrayt Pefeador t he product ion mz since all ions are
orthogonal ly extracted at the sane tinme but with

o - SR T UPacBt b s 9 Eigy @ B e YR gpPetctos
%@%g@&ﬁﬂ%ﬂuféé?/dd&%@@é@ﬂaé@étor is connected to an electronic device
which can record the ion intensity at the detector as a function of time. These
devices can be either analog-to-digital converters (ADC) or time-to-digital

converters (TDC). In this way, all the points in the two dimensions of time and
distance can be detected and the precursor and product m/z values of all ions

detected can be calculated.

[0071] The ion flight time is solely a function of the product ion m/z since
all ions are orthogonally extracted at the same time but with m/z-dependent

velocities. An ion’s axial distance depends on the precursor ion velocity and
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Tibidistiginish the product ion detection from that of the precursors. This could

be done in the third dimension by imparting an ion motion in the transverse
(into and out of the paper) dimension that is dependent on the product ion m/z
value. Since the orthogonal energy vectors of all the ions are the same, an
electrostatic deflector set horizontally will affect all the ions the same with no

net resolution. The deflecting plates must therefore be set vertically. This can
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Yr AN hass spectrometers, are achieved only by scanning the quadrupole
precursor mass analyzer (Chernushevich and Thompson 2001). The
precursor and neutral loss scans enable the researcher to search for chemical
or biochemical reaction products for which the fragmentation would produce a
particular product m/z or loss of a particular neutral mass. Many applications
were developed for such scans but are now largely overlooked because

scanning the precursor mass analyzer is too inefficient by modern standards.

[0076] There has been long felt need for a simultaneous 2-d dispersion
(McLafferty, 1983). Attaining such a dispersion is desirable for reaching the
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group conprising an el ectrospray ionizer,
matri x-assi sted | aser desorption 20 ionizer,

wabnnaggfoee pressure chem cal ionizer, glow di BChASY®4/008424

ionizer, electron inpact ionizer and nanospray
ionizer. 4. A nmass anal yzeCl#&dM&h claims 1 or 2 in
whi ch the said outputs indicative of nass-to-charge
I\ AtQS cRiimehes:r ecei ved ions are derived from detectors
positioned to receive ions of particul ar

SS- tAOs i 1 5. A mass analyzer as in
::T}aai rr}st\oT%g?%ggllyggf Il?%lﬁjr?é . defl ector for deflecting
i ons tr avelbinrign storsge devicel fdr feceiving @indrstorngions;

orthogonal direction towards .said, detectors. 6, A .
s Bnal yZaPeass o sRMiRg o i8R sxiraRdpldpfigdsatis tp spic

dicta 8¢ RlicR%o YcceRhAMeGhBJohHBRSS, fofis IEAiNE thati®a®d means
said’ions in said field free region into 30 product

heve mass-ivathargedatie dependeninslecitiessl at substantially

for appl vi Aga s RRisSHErSuBL ERkaRR bR e i TR e o
tRafR itibE aehivel diffeRsniaNistantes il 8 Pred@Bamideertihy, dhe
unchanged precursor and product ions of different

nass- Co- chaetpeterspasediaveceiye g fans efdifferenjymass-to-charge
A o e
i YRR RS i citentlh LA =19 Do thre and

provideoathuts indicstiversr the onas-tegclramgesatis pf the reodived ions.
whi ch the mass-to-charge ratios of the product ions

nd tgﬁir recursor i,on 8T f bﬂ{t&ﬂ identified. 7. A

ss AnERFsEnaliEss Asdh Slans INFURING Andopigerick receiying a
s bk Raly2elBTRY foPmRalises WhidiPard reedivéd i the ion
i ncl'udes neans for fragnenting, deconposing, reacting

wtarbgewleyiogl. es, adduct forming and charge stripping.
8. A nass analyzer as in claim6 in which the product

i,0NS t -t e-of -1 . r
faos. oGS by S i Wil vl the GhiEE! Risiectpg from the
oy compriBingarneldataspaly ibhigkf rhatrixeashisted dasdr dezosption
to deflect the ions, and said detectors are o
pyzen gieasphererusseuissdiamical inRisen@ow discharge ienizaip.

. ' ' . di ng neans for
gé%@#n@{@dm%%&d;gg%q%&?dg%#i eld to the ion
stream after the formati on of product ions so that
@ ec ur/s orasarahayzed astin ictaimsat er 2 dpwhichethet said outpuie lindicative

Hheteiaratoe ale oL ing bt Sr oo e ghy el remhde(gtors

RRItned t8 receive ions of particular mass-to-charge ratios.

5. A mass analyzer as in claims 1 or 2 including a deflector for deflecting
ions traveling in said field free region in an orthogonal direction towards said

detectors.

6. A mass analyzer as in claims 1 or 2 including means for dissociating or
changing the mass-to-charge ratio of said ions in said field free region into
product ions so that said product ions travel at substantially the same velocity
as their precursor ions and means for applying an orithogonal accelerating
voltage pulse to said product ions and precursor ions whereby the unchanged
precursor and product ions of different mass-to-charge ratios travel at different
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transverse deflection field is positioned before the
ort hogonal acceleration region. 12. A nmass anal yzer

wa004088d49ai m 10 i n whi ch said neans for applyi RgTAS20@/008424

transverse deflection field is positioned after the

veldoitin) shidadstetor afranged t6 dietstt tAS unbhamssd Fﬂéx\iu{g&*and
as in claim10 in which the ions spread axially

REedidilons aed Praidingacrass speptyer inoviinh tihe masste-chatge

PARESYOERIBAGCENS R 1S plliqRRP 458 poth identifea

two-di nensi onal 25 array of ion detectors. 14. The

et hod\ olassmhalyaenby in chpimre inowhiehresddnmezinstfor ohpndgiag she
e_steps of: .tr i,ng ipons |n an ion storage_ device;

A8 58 57 Bk Moo B lGamsanS TS g G,

deaairipadinga refotihbasith AidI i ' -

wher eby fgﬁéghavpnd aﬁgﬁéﬁygggﬁg§gﬁﬁgﬁgﬁ %BgQﬁgﬁﬁ%gﬁﬁpmg.

travel at a greater yelogi&g.than ions of a |arger

Bass- Polersegalyzer pe;in glaim i ingveighdhe preduds ionsiare déiected by

- ed ] ime in afield free 5 regi on whereby
?ﬁgisfﬁ@5£§é§¥€¥éTent di stances; and detecting the
ions of different mass-to-charge ratio with detectors

@hi chA maes spabedr aslis thiriGhichiaciabes méand foe ddpl}fmg an
of travell, qlg? T,Be ngt haod of anal yzing a streamo
PEReucRaldield & g3 Riaductigng kndgiect foe fons, gadgaid Hetectors are
pOSIHbh&E T bRGHIR! SR IGH dep&ifdintidafedtiol, S Or 1 Ng 3

n er of 'sai

predet erm ne Ions; ~accelerating said
stored ions whereby ions of different mass-to-charge
18t i od mesaanalyzer as émclaire|Goioicluiding means det applyinigray

RolBSB AoE 180G LB T Bt wAESt s

80 thatpiredetser ahd ¢ilodidteens Afe sgﬁﬁaf@i ﬁﬁﬁs@rs@l?sa%cording to
anal yzing a stream of ions of different mass-to-

el massAeichargafaiossi ng the steps of: directing said
ion streamto an ion storage neans; 20 periodically

| vi i t i ns
FEP! L LWAa8s aRziarhs BTk O3R ol 3aE1 BedpE 6, ABATRg o
rehsersg deflectiorsfieldps pdsitibned defore the orthogonal acceleration

region.

12. A mass analyzer as in claim 10 in which said means for applying a
transverse deflection field is positioned after the orthogonal acceleration
region.

13. A mass analyzer as in claim 10 in which the ions spread axially
according to their precursor mass-to-charge ratio and transversely according
to their product mass-to-charge ratio are detected using a two-dimensional
array of ion detectors.

14.  The method of mass analyzing an ion stream which comprises the
steps of:

trapping ions in an ion storage device;
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the mass-to-charge ratio of said ions; allow ng said

ions to travel through a field free region, and
wdetmossaeg said ions with ion detectors spacedPCm/US2004/008424

receive ions of different 25 mass-to-charge ratio

whi chpdiNyigg tarlamgit@eﬂndl &ftrictioh vditalane eise storage device whereby
predeterm ned time. 17. The nmethod of claim 14

iphe hauieg a sraliemessriaicharep rajios tERvel @E?&rﬁﬁ@fél%ﬂty than
N i | &l on whereby to form bundl es
'88Q%f?g%@gﬁ%s§n@% 59 rg?‘he same velocity as the

pr ec udlRAving eaidl iand td hawebﬁdrarprﬁdetﬂnpilrye?dw@m iorat field dresl

vol tage pulse to saL&Bpun s to cause t he fragnent
fESiIRN Wherehyithey raveLtibers ?Eﬁ%sa pendent upon

thei rdéi%éﬁnoé]ﬂ'iec@ EQf dﬁf?’é&éﬁi ﬁfé@s-to%ta?@é 1% \ﬁﬂh dieteciors which

f ragnent S an provi ding I nformation regarding
drecspacrd stibstamtiely pgelichte twe bnelot inatelof t heir
precursor ions. 34 WD 2004/ 085992 PCT/ US2004/ 008424
18. A nmethod as in claim113 in which the fragnment ions

?5 e d?ﬁ@ ﬁ‘iéﬁo@bf aﬁﬁ?@ﬁfg‘ #eirbhRi &f ibhgef affickéntdhibss-i@chérge

as In claim whi ch the fragnment ions are
memi‘embgmpdietEQHWﬁ’@mSWH di st ance of travel at a

predeterm ned ti I .

A mas$EpEY ?Bﬁé@f“@%ﬁﬁ?éggﬂﬁ{n%n TOR-'sT fgsfagge éVI ce

an exééc%lél%\'tln?ts%ﬁi stioted wHd wherbydons of diffiegent mass-to-charge
provide an extractor field to extract and accelerate

eativgraftaindifiesert velegitiesi@ncon st orage device to
accel gé@?@lﬂdﬁgﬁwé’{r}] s§”€8|&h%rr o gerscﬁﬂf&% btieditarke

gr eat C an ones arge t 0- mass
travéled by ibhe bﬂdffﬁeemtrragswto-bha:gegdatmhn cal*preueternnnmmm
travel s, a plurality of separate detectors spaced
fromt he accel eration region each by respective

{55t aRfgmiMBY of Pﬁéses’ a délgﬁgﬁaac@tréérh‘iff iGHof GiffbAdrR MAdss-to-

accel erator configure arranged to generate a
blaargea‘atlbsebmpmstrlghinetstem o&l d free region that

th d of t |
ot or b Sddon sESARERAR Y YRETECRNE s epar at o
det ecb@flédlcéﬁWaﬁﬁpﬁ@aé@ edRhedrPVEtdp tokaid effrageneshns to

and arranged to detect ion intensity of the snmaller
antﬁad:taog@ ronnsaid sterageangans itha V@lﬁglty that is dapandentypon

CI aim 20, wherein the
”38&@%@% ﬁt@n?sg'diéranged parallel to the |ine
of traléling said ions to travel through a field free region, and
detecting said ions with ion detectors spaced to receive ions of different
mass-to-charge ratio which have traveled different distances in a

predetermined time.

17.  The method of claim 14 which includes the additional step of
dissociating said ions in the field free region whereby to form bundles of
fragment ions having the same velocity as the precursor ions and thereafter
applying a orthogonal voltage pulse to said bundles to cause the fragmenti ions
{o attain a velocity which is dependent upon their mass-to-charge ratio and,
detecting said fragment ions and providing information regarding iheir mass-

to-charge ratios and that of their precursor ions.
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20 22. A mass spectroneter of claim20, wherein the
plurality of separate detectors present the ion
wono@nssees in reverse order of distance of tReT/US2004/008424
separate detectors fromthe extraction region to

18. odyc methodhas iis pladririBin wiidh tihe fragnearidons aredetectEd by

cl ai m 20, V\here%rﬂ&%gch of the separate detectors is

dedestinguthel te-9 | ate ion charges over a period of
time. 25 24. A nmass spectroneter of claim 20, wherein

idie REtReRbY 29 tidid 1T \higHRE fﬁagnwﬁﬁ@ﬁ@aﬁévdéfeefe% by
an ntine 25. A

d accelerate in bunches sequentially i I me. .
dedsctingpibeirrdistenee obiraveleata pedeidrenioed tisne aiber the orthogonal
frgegnentation cell is wthinthe field free region in
uk ‘path of the accelerated ion bunch and confi gured
to dissociate said ions to formion fragnents, wherein

ZRi d A piRikadpecionfateetemnplisingaan ehesrirage tibeicepas exfracior
smal | er charlge-to-mass ratio to a greater, 3

5 WO
thabis/cosfgare exspooad doBmade friERCHoriRih i Aragnd
HeplsTH8c8 oG BT ART0 4 A UERLE'8 cBBbtbrate ons o
drhalizs nodsd-to-gidrgefratibat | dgreaiét eslotihethanaomed att lergdricharge-

5 il S B AR Sl RCE et
B 2RRESH séﬁé‘?étea&@lfegﬂlb‘fﬁ %gjﬁéﬁﬁbﬁﬁh@ %&e?é?ati& ;@én each by

spectronmeter of c ereln the 1on di clation
respedfivecdisianees thairdiffemitomfeadneothenandy @ tateta) accelerator

EREoh DR ao3e 7 Bbrd8 5 TR S M 185 4L region
thBEERiIdes!tRE bR B Rid PRircEidctioRRT iRl ft @R d Adadin
energy to the ion streamthat avoids substantial 10
adjacant onesrofihe esenasaterdeteeionpdhe separate Zetegiorgleeing

GRFEbISrEhErahgb Fefit i AT B R R Bng Jorgermass-
ta-dmepgé rativ hsahsatrdaeh theshet ection has a square root
relation to charge to mass ratio of that ion. 29. A

nmass spectronmeter of claim 20, ereip the extraction

41-el d“@@%%ﬂ%oni@ew# 3@@?2& wiwé(%mt ¢ sgpRraR dleteciars are
[ ty; { [ [ i tud

%Wﬁ%@@%}&ﬁg "ﬁg%ftm,bl_l ncreases in magnitude

nmass spectroneter of claim 20,
wherein the extraction field generated by the
22Xt r dhmass spadirameter df dairi20e wheseinitbe phurality offeeparate
ape varies, . 31. A S§. spectroneter, of. ¢l ai m 2Q,
GelBERx Bissibt 108 oy ISR HisaR e FaR ords GLdsfsie ot the
st?éﬂaaa@aﬂbf ftlb_éto:rﬁ foPiNe dltmadtion regiopad pradués bhagsenapectrum.
ime o ig

23. A mass spectrometer of claim 20, wherein each of the separate
detectors is configured to accumulate ion charges over a period of time.

24. A mass spectrometer of claim 20, wherein the mass analyzer is

configured to operate to store and accelerate in bunches sequentially in time.

25. A mass spectrometer of claim 20, wherein an ion fragmentation cell is
within the field free region in the path of the accelerated ion bunch and
configured io dissociate said ions to form ion fragments, wherein said lateral

accelerator accelerates the ions of smaller charge-to-mass ratio to a greater
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section arranged to sort the ions of the fragnented

ion stream according to nmass to charge ratio val ues
wealm/devect ors arranged to detect tinme of arr pealusefo4/008424
the sorted ions. 32. A mass spectroneter of claim 25,
velgdith éhare thgpionsiof dargef thgigertoemats eatio ahd ayiBreinssaid

defadiomrecomurebio TeRS eher gD o 2 HinoRsiatier they
@ 'Iétera%? acéef@?él%ds’c.@%téé’ﬁﬁ% ?@gﬂﬁerﬁlléhm%r W‘ﬁ‘i oRidehe

ragrren ation section 1nc acell w t nt er nal
infefrhation regasdinigabedpasht wadphogmesseds and thelr precursors.
PCT/ US2004/ 008424 34. A nass spect rometer of claim

el ¢ (6o Pafiaier o SHv e Vel s RS Gt o

dherglzsé prscirddr iohs ioftHe RAGtWEA Bl eollRforiRitACT Aeutedl"

conprises a two-di nensional array to detect arriva
roglecule b drduceirepissqaidtiathe nass-to-charge rati o of
the ion 5 fragments for each ion. 35. A nethod of ion

Set ecl b%é texrltran{aérsofséig?ﬁ b8MuhE&fein ‘f%gﬁ{é?ﬂahon cell

accel' e I'ons froman ion store by applying an
wpllegﬁ’agmérﬁat&brdeh@rgydadbe iorosisearn thabhvads substantial

mass-to-char%? alé%?to accel erate to a greater
MBI trang TEEMEL fAIS-char ge-t o- mass ratio
forman ion streamthat follows a 10 flight path

A9 oOughasid cfjroHeQSr &6E8hRN 20! @héfeﬁh lktve 866810 @bté&ors are

the ion streamwthin the field free region to reach
eucarmelmelaiwestoaacbenbeas@thﬂémw(m pheacl innée detection has a

array. the separate detectors_,.bej ced fromthe,
%lgchtrp@ﬁoﬁg iC ﬁr%ea@jmggs?%téopgtﬁ%\f]i i stances that
dlffer fromeach other; and 15 detecting ion intensity

2.t h A htassapeictiometet ebelains 203@hereimthd esttrattion ﬁelmg'ﬁherated
wherein the | ateral acceleration arjses 4/ alp
triac ﬁ??éﬁ

tyrihel exdractar is deried fioge ap SxFpchen ¥akaae B

rﬁggltf'itudywﬂﬁ‘tl hod of claim 35, further conprising
ragmenting € ion stream sorting the ions of the

fragrrent ed ion streamaccording to nass to charge 20
3(ati A vrmssespecmnmma et tlaimgy 20hwherein dbe iextractigsiield generated

hod , of cla further coppris ran the
el ertiotdnis dRuved i speagipuadmaviasd Spe vhiss.
ot her specific mass-to-charge ratio resolution by
Jet er Al dR0speRpvhadtepor dfh 20¢ REtHE lCeRETdING aSrIgMm@dtation
section arranged to fragment the ion stream, an orthogonal time of flight
section arranged to sort the ions of the fragmented ion stream according to
mass to charge ratio values said detectors arranged to detect time of arrival of

the sorted ions.

32. A mass spectrometer of claim 25, further comprising a fragmenter that
applies an intense, energetic beam of light, timed to coincide with appearance

of ions reaching the fragmentation cell.

33. A mass spectrometer of claim 32, wherein the fragmentation section

includes a cell with internal reflecting surfaces.
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detectors derived froma relation of position along
the flight path with respect 25 to adjacent unit mass

woaomhasge rati o values within the range. 37 PCT/US2004/008424

34. A mass spectrometer of claim 25, including a deflector providing a
deflection field to the fragment ions so that they are separated by distance of
flight and wherein the detector array comprises a two-dimensional array to
detect arrival of the ions and provide the mass-to-charge ratio of the ion

fragments for each ion.

35. A method of ion detection with a mass spectrometer, comprising:

accelerating ions from an ion store by applying an extraction field to
cause ions of smaller mass-to-charge ratio to accelerate to a greater velocity
than ones of larger charge'-to-mass ratio form an ion stream that follows a
flight path through a field free region,

laterally accelerating the ion stream within the field free region to reach
adjacent ones of separate detectors in a detector array, the separate detectors
being spaced from the acceleration region each by respective distances that
differ from each other; and

detecting ion intensity with the separate detectors.

36. A method of claim 35, wherein the lateral acceleration arises by
applying an electric field directed orthogonal to the flight path.

37. A method of claim 35, further comprising fragmenting the ion stream;
sorting the ions of the fragmented ion stream according to mass to charge
ratio values; and detecting the sorted ions.

38. A method of claim 386, further comprising arranging the separate ion
detectors to provide one mass unit for other specific mass-to-charge ratio
resolution by determining separation distances between the separate
detectors derived from a relation of position along the flight path with respect

to adjacent unit mass to charge ratio values within the range.
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