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APPLI CATION 5 [0001] This application is a
continuation of U S. patent application No.

10/ 424,351, filed April 24, 2003, which clains the
benefit of U S. provisional patent application Serial
No. 60/413,406, filed Septenber 24, 2002, the

di scl osure of which is incorporated herein by
reference in its entirety. 10 FIELD OF THE | NVENTI ON
[0002] This invention is in the field of chenmi cal and
bi ochem cal analysis, and relates particularly to
apparatus and nethods for detecting analytes with

i nproved resolution and sensitivity by time-of-flight
mass spectronetry. 15 BACKGROUND COF THE | NVENTI ON
[0003] Tine-of-flight (TOF) mass spectronetry has
under gone i npressive developnents since its
conceptREIETTRICLSBETORUIIMVEMOFYFLIGHET iveASS SPECTROMETER
is a wdelyywHelADICRTABIE IGNOPTICAOUEEMENTISC Ul ar
utility for determning the nolecular nmasses of |arge
bi onol ecul es. Since nmass anal ysis by TOF mass 20 '
spectronetry does not require tine-dependent changi ng
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mass-to-charge ratio, or nmz. Therefore, froma
sanpl e that conprises nol ecul es of different nmasses,

t heTROm GIOVHEENYENTIINS a plurality of ion species,
each species having a 5 characteristic niz. [0005]
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BACKGROUND OF THE INVENTION

[0003] Time-of-flight (TOF) mass spectrometry has undergone impressive
developments since its conception in 1946. Currently, TOF mass spectrometry is a
widely used technique, having found particular utility for determining the
molecular masses of large biomolecules. Since mass analysis by TOF mass
spectrometry does not require time-dependent changing magnetic or electric fields,
mass analysis can be performed in a relatively small time window for a wide range
of masses.

[0004] In its simplest form, a TOF mass spectrometer comprises at least

three major components: an ion source, a free-flight region, and an ion detector. In



to each of the ions. Consequently, each ion acquires a
final velocity after 10 acceleration that is inversely
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Accordingly, lighter ions have a higher velocity than
heavi er ions. [0006] During-free-flight, ions of
different masses separate as a consequence of their
di ferent vel o he free-flight
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tgoes known generally as ion focusing, have been
descrl d that attenpt to offset this mass-independent

di[epes]si on ah pravise,didkichd, it is difficult to achieve these optimal
circumstances using a TOF mass spectrometer. Several stochastic factors conspire
to impart a distribution of energies to the ions formed in the ion source. This
distribution may arise due to inhomogeneities among the ions during their initial
formation, such as differences in their thermal energies, velocities, spatial
positions, or times of formation. As a result, parcels of identical ions disperse in
the free-flight region and hence artive at the ion detector with a broader
distribution of times-of-flight. This broader distribution decreases the accuracy,

sensitivity, and resolution of the mass spectrum. Consequently, the resulting mass
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during ion acceleration. OGher nethods include ion
mrrors or reflectrons that pgevide ion 10 focusing by
altering the flight path | ength, such that higher

ener ions are de to travel .proportignally |onger
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[0011] A further enhancement is described in Poschenrieder and other
references (T. Sakurai, ez al., "Ton Optics For Time-Of-Flight Mass Spectrometers
With Multiple Symmetry", Int. J. Mass. Spectrom. Ion Proc. 63, pp273-287
(1985); T. Sakurai, et al., "A New Time-Of-Flight Mass Spectrometer", Int. J.
Mass. Spectrom. Ion Proc. 66, pp283-290 (1985)). A plurality of electric sectors

are arranged in series, each sequentially deflecting and focusing a single ion flight
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the apparatus. [0012] Although certain advantages of
el ectric sectors in TOF mass4 spectronmetry have been
denonstrated, their use rermi ns limted due to several
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SUMMARY OF THE INVENTION

[0015] The present invention solves these and other needs by providing a
time-of-flight mass spectrometer with one or more electric sectors. At least one of
the electric sectors is associated with one or more ion optical elements. The ion
optical elements are disposed at either or both the entry or the outlet of the electric
sector, such that the optical element modifies the potential experienced by an ion
entering or exiting the electric sector with which it is associated. Each ion optical

element comprises at least one trim electrode, wherein the potential of the trim
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nodi fication of the electric sectors thensel ves.
[0016] In another enbodi ment-50f the present invention,
a TOF mass spectroneter further conprises a plurality
of electric secto
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entrance and an ion exit, an ion source including means for accelerating a pulse of

ions from the ion source into the ion entrance of the ion flight path means, an ion
detector in communication with the ion exit of the ion flight path means, and
means for recording a time-of flight spectrum of the detected ions. The ion flight
path means comprises at least one field free region; at least one electric sector,
each electric sector having an entry and an outlet; and at least one ion optical
element associated with at least one electric sector, wherein each ion optical
element modifies the potential experienced by an ion entering or exiting an electric

sector.
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or exiting an electric field. The adjustable trim
el ectrode may be di sposed betgween the entry 5 and the
outlet of the electric sector. Typically, the trim

el ectrodes nmay conprise a pair or a plurali
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[0023] In certain embodiments, the means for accelerating the pulse of ions
comprises a voltage pulse applied subsequent to the formation of the ions. The ion
source may comprise means to extract a group of ions from a pulsed or continuous
ion beam in a direction substantially perpendicular to the direction of the beam.
[0024] In certain embodiments, the mass spectrometer may comprise at

least one Herzog shunt having an aperture, wherein the Herzog shunt is associated
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sector such that ions may pass through the aperture.
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conprise an encl osure enclosing at | east one electric
sector. The enclosure may ingl.ude at | east one
aperture configured to function as a Herzog shunt. 5

[OO%ﬁ%. }Iln certain errb%gi nts, the present |nvention
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second mass spectrum_ [0027] If the resolution or the

s SRYTCE; apdidptaraingag weseluten o senpitivide of delentiontfront the first mass

S et | . may. further conprise .
S SRR L) Rt O T ML AL O RG) B8 ceemined
detdasting theqioténtinlappliedito diil¢a8t Gt ddjuReba Wintlgb@fdleNbUSining a
whet her resol ution 25 or sensitivity of detection of

i SREONdMAsTSPesmm frionelipmdbeionsowse angideriming wegolutipreor
r a8 RitibPOT RbecBSN rbhd L b | etection at the
third sle}?ct;ri ngecmay be ]c/}et ecrognzf1 ﬁ%‘g&dgg%j usting the
pdP@Itli al agptheaesolusioator eashsitinity Bdjetesiatetigo b degraded at
electrode in a, direction opposite to the adjustnent
ST AR T TR RN K L
S ReRditiH SHdete@fiod 6OIFhS e thtl sSAHE 56d d@GShi f i
the r e_s?l_ut ion or sensitivi t)? BOé of d%%}gg?@gﬁ&@}%knp%ﬁlémon
t I SensHigly of defeetiamef ipe0iB dhpitofved edagesietl at therhied sdifiigs. The
SOt o&%eﬂsﬁiv(%@to%cd@ {05 %ettegtiobneatItﬁg)tliq%\cllesgtti%tg may be determined
by adjusting the potential applied to at least one adjustable trim electrode in a
direction opposite to the adjustment of the second setting, obtaining a third mass

spectrum of ion from the ion source, and determining the resolution or sensitivity
of detection from the third mass spectrum.
[0028] If the resolution or the sensitivity is determined to be improved at

the second setting, the resolution or sensitivity of detection of ions at the third



the second setting, the resolution or sensitivity of
detection of ions at the third WO 2004/ 030008
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determ ned by adjusting the potential applied to at
| east one adjustable electroge in a direction the
sane as the adjustnent of the second setting,

S Sctr_um of ion fromthe ion

obtai.ning a third nass. ] f f

o ot ™Ay, fpstead by feterniged by adisinedhe ppteatatepplis oyt lopst one
dej j t: Ml ’ .
SeAS2 SIS S S B g O B s i
obplainingziliird theansegesmaff idthfoprtbsentsoimeeemdi defermitiihg

be rent upon. copsi deration_of the follow ng

et ANREHT MR S eofoR ot 8 S ers wrCHER ¢ he
acconpanyi ng drawi ngs, in which |like characters refer

to like 10 parts throughout, and in which: FIG 1 is

a BRHZTRESCRIBPIQN OFsTHEQARAWANGS ew of an embodi ment

of pre i Len; Fl 2.1 sch tic view .
of [Og%ﬁgl ect ?lﬁget o 5:} %/ %?& 8%8%?@&%)?“‘% aﬁig/ar?tﬁgeé§2 © present invention
i nwihbé appasehnt tpdnf@nkidéarien 6Lthe @lidwihg Bétaited dosBRHHTRA takd in
the plane of the 15 drawing; FIG 3 is a schematic

t oFPIEHSESN WEBthGAaPIPRRIANG ragiingshisrwhielibelthssdtero feferte like
Pr 838 Mol YRR L8 B . 4 is a schematic view of an
electri 8 g%ct’oalrnag%gﬁlic% of the present invention with
t he ref er encddG. dnis & bétghtatip adphcrogr seefiortad vicheo fah @ odfment of
th,[gl 20 oJ[r.avvi gg and wi th dimensions |abeled; FIGS. 5A

and® BESEHdMPE e rat i ¢ top cross-sectional view and an
expl oded i SopYef. Diiga YiHRWatit SRRESH dnved i fELF
sector opening _of1 %he praels_ent %ﬁve%%co%Ctogpggllﬁ%kﬁhéB
arigesat @ventparwithoihe refereane mudiightarath masml gphe planeof s

ofdr \91% (i mmunogl obulin G obtai ned using an apparat us

in accgl"_dance with the present invention; FIGS. 7A-7H
are porti onsFIgf 3adla SotRfRliatdp FBESscoRSal W FHandther
tryptic digest of bovine serumal bumn using an
appaiodimentof theqweseabinyentiong h t he present inventi on;

FIG. 4 is a schematic view of an electric sector opening of the

present invention with the reference ion flight path normal to the plane of the
drawing and with dimensions labeled;

FIGS. 5A and 5B are a schematic top cross-sectional view and an
exploded isometric view, respectively, of an electric sector opening of the present
invention;

FIGS. 6A, 6B and 6C are portions of an exemplary mass spectrum
of IgG (immunoglobulin G) obtained using an apparatus in accordance with the
present invention;

FIGS. 7A-TH are portions of an exemplary mass spectrum of a
tryptic digest of bovine serum albumin using an apparatus in accordance with the
present invention; '

FIGS. 8A and 8B are portions of an exemplary mass spectrum of a

tryptic digest of bovine serum albumin using an apparatﬁs in accordance with the

present invention;



30 FIGS. 8A and 8B are portions of an exenplary nass
spectrumof a tryptic digest of bovine serum al bum n

W@ giong3@ns appar at us i n accordance with the preSENS2003/027974
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i nvention; W 2004/030008 PCT/US2003/027974 -9 FIG 9
I's an exenplary mass spectru®-of adrenocorticotropic
hor none using an apparatus in accor dance wWth the

present invention;, and FIG 10

Cross-sect i gFé’llg WlaBWXWP]QWorPﬁ%SPG% Fﬁocgﬁlci)ﬁgplc
Sl%%ﬂe dabéd WEBGR) Es! NnGEntiddkand

I kl\/ g\lﬂl\é giﬁ?tlug#spgcieg%%] ﬁsﬁg‘useﬂg heerell n : tr%n

terms set fﬁ[(ﬁfﬂ&/ﬂﬁtahclymmatlcdqw aiopt-SechenaWidvagkanofher

£ not oth defined, all
t erkdieao T B AEN 10 mean no commonly

understood by a person skilled in the arts to whi ch
this invention bel on&g}%OOSl "Ion source" refers to
a DISAB FENDESCRIAEIGH, ONthat is suitable
f nerating and extracting aplurallty of ions from
‘ijécé%J%l—.S— lon sources are indicated by reference
nyots® 110 iAy Uskdbereih, drederidd sanﬂ)rtlheﬁidrmﬁwlaﬁiﬁ bnlmblmve the
210 in FIG 3. [0032 "Ion f Ffie ﬁgt h" (igrs t.0 t
pdelowing dafinijionndfng i gms usd Berpigare e
bPRpEREE ARB& indRlaktd® v lhgmthl
eX|%Elﬁltg:JC§HB$(? ﬁﬁ‘de’r& %fng %e exerrlrl)l [1fi1ed ky;,/ °
pahventioh belnagh. by a reference ion, such as those

ndi cated by_reference. nymbers 50, .5 and 54
TG i deEronrenagend® Achmeniess Sf e Bs SpelPpglsihat i
) |sﬁﬂal§1€ f&fg‘ena@ﬁﬁg ARPAOEractin® £plerdi®y dHiene B Gfipte. Oon
he mass “spectroneter apparatus that define the ion

f |sogtees aratikdicateshby reifepaceptuntberd Hhist H&Pe 1 and 10 gpd reference
entr nc?h@ndF ion exit, and may conprise at | east
A Pegi -

egion, at |east one electric sector,

a"[@Oﬁ] | eaSt"I&ﬂﬂlghDﬁatE'pidf&ato i@k @anikenﬁy&h@im Wl’lhmlthe mass
flight 25 path neans in FIGS. 1 and 10 copp

f rapectramm AppEghG RISz thantor orange i e 108 S5 lon dpeht

and. i 0 t

e AR AR R Rk ot

CcOpichteé by referentd mghbers 60 XAnsn@PDin FIGS, 1284 10 Eﬁdsreference
number 60 in FIG. 3.

[0033] "Ton flight path means" refers to the components of the mass

,_,r

spectrometer apparatus that define the jon flight path. Ion flight path means have
an ion entrance and an ion exit, and may comprise at least one field-free region, at
least one electric sector, and at least one ion optical element. Exemplary ion flight
path means in FIGS. 1 and 10 comprise free-flight regions 120 and 125, electric
sector 150, and ion optical elements 166 and 167. The ion flight path means of the
embodiment depicted in FIG. 3 comprises free-flight regions 220, 222, 224, 226,
and 228; electric sectors 250, 350, 450, and 550; and the ion optical elements
associated with the electric sectors.

[0034] "Field free region" refers to a one or more segments of an ion flight

path in which the ions are allowed to travel without linear or angular acceleration.



and 228; electric sectors 250, 350, 450, and 550; and
the ion optical elenments associated with the electric

wGeeatos®os 30 [ 0034] "Field free regi on" refersPeDUS0031627974
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or nore segnents of an ion flight path in which the
ions are allowed to travel wihout |inear or angul ar
accel eration. WD 2004/ 030008 PCT/ US2003/ 027974 -10

L 5 R Wt B GHSRPIEL
NUD® &1 PRGrerd hunbafk 2002622, 204 1288aid b I8! ?Flﬁ 3[0035]

'Electric sector” refers to a conponent o e mass
sp983b et er "Elegiria pestart refirsto d epmnpenensofie weds spectrometer

d flight | ,

SR S8 O Bt Ao 05 P BB e i
el sctor Ico:mf)nﬁs dwb kefledviap weeitodddatitl 4n Sl6dtit Geld@fertBetween that
defl ec Ft g ch that the ions follow a curved path

by'S &R Fidpng Tush thaEﬂ@dplas f@ lewct ayreedaragh by angular

il d feren
UL EI Sl Ve LS sl B g Ui BUE e LG eference
o pinglars M%ﬁé@gt%OréS(bmdﬁiﬂ a conponent of the mass 10

ter, stinct fromthe el ect
SSBAIE " hat TPEBRH Fgwrad e adpmporsme opBeamssa
X@@é&&ﬂ&&%p%ﬂrahﬁrlﬁsthﬁt 5% thOQeddit 9toR "i]l]ia? is c0 c\:ﬁ%@u}ea %

ion optical element is in association v
elmedify fthe@e@nbal eXpbmemg@bf/ iana tin the iod ﬂighepatholv&mni thé loins

t
i @Ql%%ﬁel%ﬂeentt & 1élcats§oc&a 10& éwdﬁ'xoarn e%?c&ﬁg Begiqrc‘r;p ngq p% of the
armotergiabis impOstdGattBelidaY a§ BeebRNmeer KT BF Sasd @rﬁ%lgfjtg% gl%ctnc

15 of FIGS. land 10 and by reference nunbers
26°¢Pcter Jonegticd elementsare 582, mpme@d]by reforende reobas 166 and 167

r t ) olet er

o o B O Bere bBIR 3R BRFPMLONTIRS. 3¢ 54 ma s
ex003Fg t he "Tanddttdtgtrefbaitb a cEﬁ@onéﬂﬁbﬁﬁfe'rﬁH&s Qéec%ﬁleter
arnngg ons |s used to determ ne the time-of-flight

of2PPFFatE thad 1s sugfable oy detecking énps aﬁéhe@@m&&mmrsﬂmhépath The
i
L e e B DRt Mot BighRiT s,
e | Feos uliusttetlorr, édredetedtars araemdmatﬁd) be reforpen@thisera80 FIGR) 1 and
b ement tE g(gsglguredto nodi fy the
teaﬁlal glre SXHEY EReE F on the ion flight path.
Tf[6038] esent "TAXLEbLRIY! fh%l‘é 488nd & ﬂ&l%lcg{flﬁa[)lg&?ssof Aabn optical

are adjustable. Illustrative trimele
eéAnesat that wrp configired temadifp thepoteBiall&PeriencEd BBionk od%he ion

unbers. 2 2 GS. 3,. 5A
oniod: o e R RSB e s 0 dinpiie acusiae
f Mhmsttatiec tieg elm@ﬁddslaﬁﬁ’hn@fcated by reference numbers 160-163 on FIGS. 1
gnd 10 and reference numbers 260-263 on FIGS. 3, 5A and 5B.

[0039] "Fragments" refers to ions that result from the decomposition of
molecular ions. Fragments may be formed during or after ionization of the sample.
[0040] "Deflection angle" refers to the angle spanned by the arc of the
electric sector over which the ions on the ion flight path are deflected. For
example, the deflection angle of the electric sector in FIGS. 1 and 10 is
approximately 180° and the deflection angle of each electric sector in FIG. 3 is
approximately 270°.



nol ecul ar ions. Fragnments may be formed during or
after ionization of the sanple. [0040] "Deflection
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el ectric sector over which the ions on the ion flight
path are deflected. For 30 ekxhaple, the deflection
angle of the electric sector in FIGS. 1 and 10 is

BT, ™ Sty 50 A Sl AL L g
2003i02 AA08oRH i BROBAAREO o to il SAion | oA repans

a conponent of the ion source that is
s vlettatol feldsaronfipuep po sejedtively tfaprand gravide ieas phenexsumere

prior to their extraction. tr I i

F Paseers O e G U P ARBIEPEVRTo, pap By e Guadrupole
ofo sQhd TRES ol BeSeLS or range of masses, or

fragnents thereof. 1on traps may include quadrupole 5

i §0042] aps ariHefzogshynt] wbers FapeompEsar StEuFGH ATt
refers to a conponent.o (b |

& SReDgier SpPaRRS P lor LD St oFBER. fgds of an

t QIddadec®l.eatMérgod siRintBasah aperturetealiow passegd afithe an flight
Her zog shunt has an aperture to allo assa of the

| gritrihpigfiEougba e B FFOEGHIT pejedipded bBiqigraesgmbers

t . | Bk .
i%ﬁ afld 37 £id f‘@}s‘; ﬁg&g bé’é(ncf 1%{)1%?& TRHHRA B0HAd 279 RIS, 3,

and ref erence nunbers 270 and
27 il $13.GBhe &ncloshfe anichpEiBured helicated ysnefozerma gumber 370 and

apertures indi cated reference nunper 370 and

3BT P76, resRasHEelY %Fﬁ.’y 1er?‘ﬁslg’l cupg ag?—te&zqgf Hon as

Hﬁha shu nt'%finz[epféﬁ;%'] is 'é%bﬂl?glllenlt 80 ionSopfcAl RIERERe tat Of
anron optical elenent that conprises one or nore

el eatpriselesnesariniarb letscfrodesisuitabds fog foqusing 4l redial distribution of
distribution.o ions on the ion flight path.
[d@ﬁﬂ?nt%é%ﬂ@h?}%{g' refers to the ability to

di pbi4)oui sh ReBslufbn'Sleftrd @thdsbilitytowistidguish tms offsiatig but

as separate signals and/or the width of a_neasured
mesw-ideitipabinagses as sepiaty Bgnals andins g widie af sansesuredynass)
"Sensiktivity" &ef ability to detect and
disé%rfalaﬂ% %squﬁgggeﬁn%d%%gsr' the noi se of the

Sp@esslum t heeabijtviestrefirs whthagbitityeto mietecnant distingnish signals
sanple required to detect g si%gah. 51(1)046. "Accura(%%

r ed\er thenwisernd thsneplrymoinergby syiFpisang mum amoun

spect k 0 ' a mass value for an ion that
isgaglj'péés){eg%lgéﬁ?ed%#ggi\%?gd mass for that ion. [0047]

" Joed6) al r ahelracg! efers tothe hbiliék oemcaliboatehiness spheirometer to

spectrone . . : .
pprov{de a IltlaeSrS V(E:Il%.g for an ion that is close to the predicted mass for that ion.

[0047] "Spectral range" refers to the extent to which the spectrometer can
detect and measure a range of masses and/or times-of-flight from a given sample
within a single spectrum. Ions outside of the spectral range of a mass spectrum are

usually not detectable.

Description of the Present Invention

[0048] In the apparatus of the present invention, ion optical elements,
comprising independently and readily adjustable trim electrodes, provide

additional degrees of freedom for modifying the electrical potentials experienced



25 detect and neasure a range of masses and/or
times-of-flight froma given sanple wthin a single
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spectrumare usually not detectable. Description of
the Present Invention 30 [00#8] In the apparatus of
the present invention, ion optical elenents,

i Si i nd dent d il dj ustabl.e tri
o P 30802 ProlEdS Sath EFGhal Hgtutehgfe PR ISabEr or
P 5 e B
t withoghrequiriak éled difficulientcbanical madifieationon edjustmeat @fghe
f ' i f the electrjg
| e GBar o Ay fisSh ppledt Sthth o i sttt
I §OkhfibR ﬁgﬁﬂﬁmﬂi friggtNd thopeticriiagsd oM@ UOFimat spstirometer

0

adj ust ment’ e electric sectors thenselves. As a
r @ppdratus amndits metheds pEEse. el ements of the present 5

[ i on si i f.ican [ a
TM‘@;S S sp é%??,rgﬁ%?oeﬂd z} 0 raaa;fwgssfd;bﬁcgﬁlﬁ{rfss%mﬁ'?g 0 3 s%gf
UsBectlodfi4&in Bedoeddnc® ¢ith ehdpresent invamxar, siaven hQOtop cross-
conprises a TOF nmass spectroneter in_acc rda&ge ngfqh h
t tsectipmekwiaw. (Tho SFRSF8PLEIoB AYikeY trropeh P! ined pY. fligh gt

\é IeS?):%f a&@%}r/&{c? If‘oé”?aﬁt%g{l% ﬁlf%eﬁasrgﬁ‘%f nAf)ﬁH’r:QLHQ DoRc B8 ion source

ne a reference ion

t riaefrérflighh espidnsri80ghd 12§ pecticusctod 05Q ampeptivekelpwents 166

source_ 110, free-flight _regi.ons,12Q a 5. electric

S GetdF7 o8 gl 0aae 121 RIAOR adddor Tty e Rl

tS fbtpb_@%:agi]oﬁ CPHRNDR fbss @ebtrdRGied f3RGiOsentBfled ddrdcBderated in jon
ypI

operation of the TOF nass Spectroneter, ions
arsourperidp ateparaterid frecdbighsregioni 12G pessrthroygh epaturg 475 of shunt

separate. in free-f]ight, regi o 20 a h

2 ! o B s Pt B0 LR B Bment 1
el fatehfd efeciRGeatidf 1 4Bia ehtry opendfl 13RI Orkearlihndk@Bflecting
and enter electric sector 150 via entry openin é56.
Oualentrodesi1 F4ansh 1 detespastively, previde edsledings, cavfdf?@ 2,

re tiV ' ' e I 0 o 4 i
e T
pagpenink16 8] pavs bedwesn pxirdd triireelecttddes 16Dmehl (3gpfiG8optaks

bet ween paired trim el ect rogeog 162 ﬁ{]d 163 of ﬁ_l ogl. .
optlemant 150, eass faprgaperiusdds of s d Al aserpig R fipedlight region

SNy g%(g %rte él%%@%ﬁ%%‘iﬁl fag 1t%ﬁ_dgﬂebﬁpt18(5.eﬂ1§i} gaﬁazﬁ) is ﬁil;é?)ath ofa

are d on arriv ion detector 180. Flig
pateffer&reiion, vidlepfight mths2 and5d meneheinatic rophaserations @if the

D BR8P SERY gL SR AR Mead e o
wWhizaiefignshe SkE1é ¥f 1h8k&rend ion.
[0050] Accordingly, an ion flight path is defined within apparatus 100, for
which flight path 50 is a representative example. Flight path 50 comprises ion
entrance 40 at which ion source 110, in communication with free-flight region 120,
causes the ions to enter flight path 50. Correspondingly, flight path 50 further
comprises ion exit 42, at which the ions exit flight path 50 upon arrival at ion
detector 180 which is in communication with free-flight region 125.
[0051] Ton source 110 includes means for generating ions that are known in

the art, including any of the means or methods known in the art for producing a



smal l er than the angle of the reference ion. 25 [0050]
Accordingly, an ion flight path is defined within
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representative exanple. Flight path 50 conprises ion
entrance 40 at which ion soutxXe 110, in conmunication
with free-flight region 120, causes the ions to enter

flight th 5 Co dingly, fligh h
 BREARGY SFioBR DA bisEt o Pl by aqgh bl dshy st me.
mﬁﬂ%hﬁclﬁ@é&régn PPMRe Meahy/dH m@&hodsUhodth id eheeht B pldilicing a

IS In co nication wwth free-flight region 125,
[ PESAHE ioos) sechuthetthe polse ationsbas the appeatapre gbprdIcheYasgs if the

t hat Kk ¢l
Ing)gﬁ gve&e? pwaﬁcﬁeél x %Rﬂ Sdﬁatn;etf}? %l%algy(t)l IS raﬂg 'rvxg 1@5‘ %eéﬁfveb%%
2004/ 308G Wﬁ@ﬁﬂ@ﬂ%&ﬂsﬁko fork igls i alcbitimmotis bromased

within a relatively snmal|l volune and within a
r glaanéry dihp igmenurca magpalso melige imrans iperpngeriraigfac ifnsy gh as a

r,_net.hods he art for producing a

pﬂ}l%di“%qle ?o(%tgap Osr klﬁi%?ﬂ {1"&&1 e pul se of ions has the

ajpguEay ance ®én surdecavesy, ag., Inﬂcliidbemearxs risat weapboypr mdseddaser
within a relatively snmall lu within a

i toioping: ith AGPRG SRR DUt (ORGP HBAE 5 §7e PiRin a small
& 8fi%ne Br ‘fig{ﬂ%d Qg&rd rbr@or? | DUMGin@ wiBtd 88 sBRAREace. In
The oh source may I ncl ude neans to concentrate
t faﬁothems(,ar@m; Imras)ua:e 1q0 amhqunmpley meany ﬁoagerwratmgla mdsgrof ions
ion trap 521 | on so rce
né%gsqswar@ !é?ab%iﬁpglgp%ﬂ 8&01}5&% Peaﬁ‘f R?Sé?‘geiiﬁfﬁd%"whﬁ m

: 111&1 éyﬁéﬁﬁﬁse cﬁl&ﬁll§ dhausase io”m% %ssﬁ juBH tids i@ Svhen
within a snal une, or a pul sed ectron or jion
belamonrlmean@@sseﬂ giequnr dow senres 1 ¥ e@nlorsfab@ is pef limited to
anot h a 10 urc
R BE SRR ol PGSR A TR st
S WeRPH&GrptioaNbhiatiny "MALIER sfass@tamedlasar nar r ow

slit, in which a brief pulse of ions is produ gg@ﬂ%
ttﬁ’@squh@n/m%ﬂﬁ@ (SFLOIgnsurfse-snhancgmest d ef%tl?rb@ fast
Srﬁ 3 &?S{gﬁ%\(lﬁ féc%rlenﬁ?ﬁbreﬁ ?h&%&bﬁ@ﬁttmeﬂi’anﬂékaéé pulsed
o mted to

use o] ectrospray 1onization

| aseexteRsion ilasp desoipiad, nouiti{phiofR ipnizatidn; ehectassingtaed
| aser desorption/ioni zatl on

s UprARENe HSHAREY foplsd Ploaig, ﬁlgﬁmlsﬁ/ip%jmtm pigppspheric pressure
(" REnka] )mn%ﬂfn)%% RARCRURRAbnid8RA! Bid @8 1ike SEND") ,

fast atom ment, surface-enhanced photol abile
at[Des¥nent dfmithesherasion spurbs &) map alseimaledstmenns fstsaleatively

e B P U SRR SR Bl st
| OfYich 3 daRS mad RS RIMElisBed b ESskbiRingGNEOF &fiks spRbirgiBbte 6y the

hyperthermal “source ionization, and the |ike.
present invention in tandem fashion with a plurahty of analyzers, including

magnetic sector, electrostatic analyzer, ion traps, quadrupole ion traps, quadrupole
mass filters, and TOF devices.

[0054] Ion source 110 also includes means for ion extraction or
acceleration from the ion source to ion entrance 40 of the ion flight path. The
extraction methods may be parallel or orthogonal to the ion beam generated in ion
source 110. In addition, extraction or acceleration of the ions may occur

subsequent to the formation of the ions, such as by application of a voltage pulse.
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Such neans may be acconplished by conbining a TOF nmass
spectronmeter of the 25 preskht invention in tandem
fashion with a plurality of analyzers, including

R3St por o Fiihasenist el 2h0 fre BB R8RS for flledi¥IGng and
fTQEpHﬁXﬁthﬁéi-r sIpAO5 4t hRrknsaul &fl dddwil et beritsousied imdais

or ion extraction or acceleration fromthe ion . .
sherec Bor exampie, don deipréer 180 gy inplade spntiupgheleqitpnnuliipliers,

3Q. extracti,on nmeth . . | to
» RisSiel Ao PSRl TBY, (efufflidh bt sabidigeans
agRbtbidRipliexiubag hh@thedikealaedetectt k80 mdy dlseinclnds meays for
occur  subsequent to.the formation of the

. | ons,. such
ageonydinpisms daierish therel sHEll 85RO PRIET O\shsrf%sﬁ?la% doRsgatus-
E%&#ﬁzooy %%Jc?r?cdfsec?o%#%g seb iR Soctih © Blebt®dd FltS_Qrand

cl udes neans etecting 1ons and” anpli yln%
t beier dsfl@tial slethade Hrie Refioving tealld. 2| 8 view of entrytopping 156 of

di scussed in_ detail here., For, exanpl .10on_det ect or
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count , Faraday cups, 5 photonultiplier tubes, an
t bottbmkdatsidaplaies £t and 1980respagtiselyo In thelpyeferrpbambodigent,

[ N det ect ed,.t in,. t .
o eocg B ok e A 1ol i Bl I3 b¥ing
130aGerRiuE eRan iR el dable tsd. ngltahabielndee dédroafatic plates may
outer deflecting electrode 154. Referring tqQ F

|G 2,
vicenfor te athey faspeniugly a3 towoidgl or splagical seciensy Surthegplicinative
h . . i i t i . i
A RS PR A B0 o PP P s

elpeftbd are siRtinially thetsher andhndesosvdrgpataheltoplant bottem, such as
Mat suda pl ates, 190 and g$ gci

: 195, i Vv I9§ I{] %he h )
prdr P ABGaTHER Pl MR a elaterg 0188 P dledhepisives
gye{léc@l%ﬁésc\ﬂﬂgﬁ e doﬁggm?é’!ri] tOARMEREorBiIne $dsAe S ek dled¥id\éctor

arger radius t ner el ectrode 152. .
Al 158rbyatrewemtipg idnsdroal extingtiedon or ipittemesf thaplecttic seedem

to other forms, such as taoroid pheri cal

sdbeF Qoreagng (s 101 (TARSTISYIPT 1 °fg‘ﬁ%§18?%8 r??cés%ori' ncl ude

el [gﬁﬁf]OSt at | RefBirAl@BaihRo WG.CH) ehite Heaicish@it 1t70end bt

and outer plates are substantially the same and hence
c dfereogyshuat 17 heretdigposadcht Brstresnectiva Ruendes ofplepiric eeigla0-

segtio are. enpl o t :
)

L T e

CoffienR th@nerddedotsntibingitieh eias ¢leciris setarr Tha phrpoye of the Herzog

preventing ions fromexiting,the toP or tb(l)&t m o{ t he

el Swntsi @ 1§ &kppwhp in the art, is to terminate the electric field of the electric sector
as near as possible to its openings, thereby approaching an ideal deflection field.
Furthermore, as ions pass through apertures 175 and 176 of the Herzog shunts, the
apertures serve to select for a narrower range of ion trajectories as the ions enter
and exit the electric sector. It is preferred that the shape of Herzog shunt apertures
175 and 176 conform to the shape of the electric sector opening with which they
are associated. For example, in embodiments in which inner electrode 152 and

outer electrode 154 are cylindrical sections, a preferred shape of the Herzog shunt



20 thereby increasing the ion transm ssion yield of
the electric sector. [0057] Referring again to FIG 1,

we@nionp3ddes zog shunt 170 and outl et Herzog shupeT/LFH03/027974
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are di sposed at the respective openings of electric
sector 150. These Herzog shigis are el ectrodes that
have potentials that are approxi mately the sane as

the average potential within the electric ctor..T
peesEERassciathd Wi £aiEY opepiny, lisft @ outlel Srdnyte, fs¥oppktny

Zfetggapkﬁlgf o Sth?%%n PRS0 8t ok {1 abb@ind 0@h Heidg shunt have

sec as near as possible to its openings,
t hesltdyiraapiaadirntibe elactiid esdiorkutiyepenias of pefle opening with
Furtheﬁnnre .as ions, pass through apertures 175 and

176irihe famnkissss5ia%hint s, the apertures serve to

Sgdd%%L for g NafcABEmERNEE iPdssodited Withehichid ®stonssa, being
ions enter and exit the electric sector. |t

pudisbesedet entiaepening 1§ﬁa;Sénﬂﬂflmlk@réi@hﬂﬁﬁefﬁdé?{i;ﬁli&os% at

175.and 176 . . :
RGP PaRiER L ToR it eloifork 166 Borfitridel pfie 8P ih Bjcctrodes
eX30Rh&161; RirkiMIBsEleRBAIS] 7reonprists trinnelecteldes § 6 akel 1E2 Both

and outer electrode 154 are cylindrical sect i.og?Slg a
ppeirepf i epeimsespllavn 81ght path0dn pAtS BREY 5B 3hT AT He™

(F: S e!ﬁ#flcﬁée%g) g@g ége%%ﬁeﬂ thg:tSch@Eﬁf birfn BRSP5IRbeA gitieh Torfapticy

et opening 158 Is confornmally |
I @EnBong U edpatatedhieddistahte that ialase tan dfieseperatiomn af the fener and
aperture of a 0og.shunt have nsi

He [ I di .
¢ It eletrades Of fhece el 108 SERY OppRIR WyBog e dort OPtical
Io%?e{fﬁ is"ﬂ's%&ia}twi%httﬂ& Huudlie hss ﬁﬁeﬁé&ﬁ@%’&%ﬁﬁ 08B Ibe

on optical elenment 166 Is associated with electric
s éndapenddhfly aiisstable vditssspestitoatthess of the adivsiehlg timeelectrodes, as

Sim/larly, ion ical el.egent 7 ] i e -
oL s BS80S
a AR dle@odk pidVids a6 higidesal dksRe antteddohn withwidr doyadjust the
el ement 167 conprises trimelectrodes 162 and 163.

Bath foopsing praperties phrlettiesedaekdOal | ow f1ight path 50 to

Sﬁéﬁ%ﬁfé\é\ete nh%% \t}ﬁ% Rl I!Ieergo%@ L #}r@*e@cft § @@rre#i thek the inner

e pait ettrodes of a given
| aqigePé 1 tBatrim elcetibdets chrfosmpa tiatshapdnf the diesttianedor dpgting

is I'ess than the se| t] f the . d. . .
RORCHIN RN I e s
Wil 1108 iR e %tdfqﬁjm IEHRABNE hREGT9ChRoREs toFRE Bhaé)e of the

tri'melectrode has an electric potential that may be
i ndeaesdde of bytendtiflestinghélectwide i 54.e$hedmer eslges pbthg offer triva

adj ustable trim el ectrodes, wel | as wth respect
¢ e e hepeefighacbiatlin rat werfie Hetdieh R0F
adjéﬁéﬁ;@gl e trimelectrode provides an additional

dedgree of freedomwith which to adjust the ion | ,
f o960y pr olmentbodsmatts i which ppais o€ trép elpsodes (forming an ion

optical element) and a Herzog shunt are associated with a given electric sector
opening (entry or outlet), it is preferred that the separation of the inner and outer
electric sector electrodes is greater than the distance separating the pair of trim
electrodes, as described above. Moreover, it is also preferred that the separating
distance between the trim electrodes is, in turn, greater than the width of the

Herzog shunt aperture associated therewith.



[0059] As with the Herzog shunt apertures, it is
preferred that the inner edges of the trimelectrodes

w@evhoswng o t he shape of the electric sector OPENUSZP03/027974
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20 with which they are associated. For exanple, in the
enbodi nent illustrated in FI&-1, the inner edge of
trimelectrode 160 preferably conforns to the shape of

the _jnner edge of outer deflecti el ectrode.154. . The
e ecges fomnee ithats oFihnprart drofes eqpgist ind
C%E@é&@@iﬂdv@@ YmEAR OF ﬁ‘i@l’lif?iﬁ% HgidtertRP QGRFbMRd B 86is ih Che

sector penings. 25 [0060 n enbodi nents in ich a
painr flight path as the sos esid o8 exfttoamslegirie pectasn Trispelieetsades of the

el enent.) and a Herzog shuynt ar.e. assogci it h:

CpaR dhsfion BrofBlere 1Bt n Rl SRR A BlSE: idtia? For
| SxBASIE Sy SditioRais ibh 6pisep leitichBr 66fand h67 ivitheespastdo the
outer’ ‘electric sector electrodes is greater than th

diopeningseofelgstrrcaertay 13 handsian Alight peth 39 in dhemanngy dliustrgied,
desgri,b 18 [kt d r

¢ RS AP 419 AMBIoE Y Bbtenll, xBareatpa BY B RAT Rk cohth o
i ﬁxité Eledtile Bect@ 160! Accoidargly, hdjusiiny the pbtentia of liei@ogptical
shunt aperture_ associated therewith. WO 2004/ 0300
Peirmosp erstspongly mogliies dhrsacient CW%%%%éfﬁ Pt SLOGFC
 ha i . el !

P58 ARSI 250004 ot rbt ity s
expenhéhzedr deflecimgseleciradee152 and ¥34i dhthipaahneassubte

s S PGSyt o R e
Pro@¥iedirRGe@Br 5l WihAR lr&;uﬁl%gedﬁd'c@hdi'uﬁﬁl%n@ tCHRMEMCcEic f¥tor

positioning ion optical elenents 166 and 167 with )

r etspléc Exaroplehef adypetagesquovifledbyiheionopficel oJpmens aggrlpscribed
i QN flight path 50 in the manner illustrated, each
el%&eYit is able to affect the potenti al experienced by
anoo6?] as i treAsesstical ele@shis 9f tHegpsehiCinsation may3e. used to
Accordingly, adjusting the potential of an jon o;% i cal,
eIrepdifit the deflesipp Aasln gt slepbiaiseqieisl Yonuithayt sigpifigant eftect on its
e I 0 ; . .

o LGP b ead e TS o TR T s
s hypaéteometet® damdt ihdlhde anylmbhmsabd mmglifyl selctticade sr spsdifimaldly the

154. In this manpner, suhtle adj ust ts .may, readil
e haDS s b S e RSB SRS or
Pre&ipef ddrRetinPlle@ldactinh or %?@El%ltgésfstge Vdrf dpiehi ﬂrSﬁéﬁi?d d¥he

direct adjustments to the electric sector ‘itself.
Exentipd elsctf setwasrtddepase oot spbstficopr theeldchie iagld ateither entry

oFERE 5P oEaRIa oormbhash OB e AR, Ao A stng

t Gzlectrodes 152 or 154 would have a significant effect on the ion focusing properties

and the energy range that the electric sector is configured to select. Adjusting ion
optical elements 166 and 167 of the present invention to provide increased or
decreased deflection of the ions allows for more subtle and more readily made
adjustments to the deflection angle without significantly altering the other
properties of the electric sector.

[0063] Another advantage provided by the ion optical elements of the
apparatus of the present invention is to alter the ion focusing properties of electric

sector 150. For example, adjusting ion optical element 167 (by applying equal,



nodi fy the deflection angle of electric sector 150
W t hout significant effect on its other ion optical

w@eopestodes. El ectric sectors of the prior artPCT/US2003/027974
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time-of -flight nmass spectroneters do not include any
means to nodify selectively-pr-specifically the 20
potential experienced by an entering or exiting ion.

Changi ng the potential o [th eflecting elgctrode
THon garo Joientala s ERETtsn L BhEne L) g BHbridie LR PRI
eNiddr o6t ' b $vitAQTigluResfsirailiras
TP UL SRy eyt viampagi i
oglighe bathpenind §light pathMIr eosse ditbisecineyr, flightj nagh exigt2. Such

defl ectin el ectrodes 152 .or, 154 | d . .
S Phaness o AT BethS By resat g By S Sl BU itk nrgoegties of
a@ﬁ}gﬁﬁ%e@c&ef Y arliaRBPoveltRhtstth Sretlef@tivit ariiggriregoliton of the

configured to select. Adjusting ion optical elenents
1 Gifneaofeflightinasds spérdrupr.esent i nvention to provide

[ sed o decrea - ct | '

B0 e RSEE BAUOFRLGHS el U5eeBradlubays

t NPedRtlaBGirtQR radulls Gron thess oSthg ioif sptial dlgments of thagresent
the other properties of the electric sector. 30 .

[ GoGBlomiodmset A lighthsperiprernce afiihsypssagiatqdylecine seeigrs m

el nt f . ' ' jeSties
£ I Pl Bt dtior? B A A R R B The MR Py
s egpevtedlBOm tiodesnaspptificatogj T3k usgof tha iapitical eleheren this

167 (b [ yi I, 004/ 030008 . .
PaTSh DB FoRrgTa IR AR O PR TS proRiop fF
elrﬁ%ﬁ%@@%ﬁeéﬁﬁ toﬁﬁfé AR Blc fbtodX ThelREsHdWivaRBod Y from the

use e location of the point at_which ions,
Wi tsh of torpjbinatixans lof icsi apiticalrproperti¢s thaftare peitavaizbleih electric

flight path 52 cross or intersect.. I ' :
exseftois et b€ Rl o, SFRAGHPE st pls? Moo BloBoptes are
| M GGG $he ferfoRfan @b TSR pRtaMEstérs @foffordiing the present
el ectric sector 150 and inprovenents to the

sengéntioninay avhully exeasd dhahperstienl perfermancept designs batsd on
mass_spectrum, . The present invention provides
aﬂxpggﬁFm?Q%m¥§%%%ﬁ%%'advantages. The first advantage

r e@obs]s fr orFdrhganiple, dicreabiag tlarpotptiatel eaheftiet fouotim

the present _invention to correct gr alter thgh o h
pevleatradandescrbed aheva b Hs samednagniuds ey EBut gt Shangingghe
T%c{fﬁ}ﬁ%oﬁﬂ@ s W RS hFiabRatd) ah ahbBetd:@ipld, @ siRdldeRsction of
have 1 1on optical properties expected fromthe i
desie gon Sqaecinky batpplied aTthe entrenasfoftiweelpabric systarawing a first ion

eppLe om0 Pa PR ROFs R R Tecrebrd S bE R iing o
de%cg{ﬁ% R)Eurog)hgal%he?ﬂén'f.i AIBOSINONE paritQlas 8¢RREheAtaitHig o

resu mthe use of conbinations of ion optical
pr dpegt ircthe nhtadeflgeteomaner theail¢catin gectors the pptbdakendy the lons

through the electric sector is slightly altered. As a result, the overall performance

of the TOF mass spectrometer of the present invention may be changed because of
the change in the effective path length within the electric sector with respect to the
path length through the field free (e.g., free-flight) regions.

[0066] Other applications and advantages arising from adjusting the
potentials on the trim electrodes of the present invention may be envisioned by one

of ordinary skill in this art, and such applications and advantages are within the



15 sectors which lack the present invention. In
addi tion, because these properties are adjustable,
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i ncorporating the present invention may actually

exceed the theoretical perfotgance of designs based on
conventional electric sectors . [0065] For exanpl e,

i ncreasing the potentiagl _on.each of the four. trim

FOBE PLUE STe eGP BEa YPEVY T RIS R G Db FEels of
r ﬁ%%’fn él{bn%'&@ﬁ?ﬂeﬁﬂal.‘s B adj@emehts thefdorloBghd f%ﬁ%}:ﬁé‘al:pi’(ﬁ)erties
radi al plane. I n another “exanple, a snmall deflection

0bf the kkecirmrsetionmayayt trefully skplertdat thisimenwe haceedenfonstiated
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nanprgeéd eampased ovwior erfdlericest ri ¢ sector, the path

t by thg i - e r
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obf Hagrekelt ifMasios pestbeaesmplishtd bhasipg ese ot moreeint ¢loctrodes
may be changed because of the chan ef fect.iyv

e in th )
p #hah condprgRiow R haD Gy BEeE PO et STAPE AT the ppieatial rim
t i . I .
¢ SEr s Bl I GHAR e Sk sl chotentias of
adinsittr ag equiedl eftishgpef withoud ejquitrigribe trive elepmodmtoibabs then
the trim.electrodes of the present inventio e
e ROTEPERYAS BYY 5L ShapF- Sl ﬂgﬁgpdsmav%ﬁﬁ%ﬁa@dﬁﬁ%d
s %ﬁ&y@@ﬂeﬁﬁ%ﬂdﬁ%% o@ﬂ¥ BB e AbRriwl, bNindulhiiee MElerial fully
2004/030008 PCT/ UsS2003/ 027974 -18 scope of the '
poepatially peatert Wish comduchivrigsentieondneitiegnateralu ride siregeing
of the .effects of. the trimelectrode,potenttials.and
dPU R et Rl B G PG B FE e pPlsS i or
t Rered! BGE (thder&66d Mat Y clRfrodes of by shapX Whivhaslodice thY desired
tine, we have denonstrated that by adjusting the
padingtablgipotentialsiaee withimthe scope efithés Inyeionesol uti on and
ot 5 pro ' fi, ot
o L G R
pra sth{gle_apzltir ?fﬁvi:ngelsm_rddé%}?dr_ Reoyldda pgllraiitly aflfhred axtr?ere trim
potential field using an ion optical .elenent of the
P RS ERESTReER PosH Lo BLs cEBrpl ULl By Saunh geieugh tat
r ) }
B e oL, S PR P YEL R Res may be
TrarrmgeiOwith ton elederedesfin bposprgamant iniappérttsyomeatey adngoment,
provi de_ adj ustabl e potentials. of., sim.lar .or. equival en
C AR B bEh R0 AR TRG RQCTioRth Brbdrisdes Fay eoisr
C QUSRS OSH APePitMEé ForbgotiPRBnnePU6 oY BRIIRARIItIBAN] dRrees of
or

fabricated Trom f ) _ _
freedom for modifying the potential experienced by the ions, but may also provide

additional advantages. For example, additional trim electrodes may allow the
operator to deflect the ions entering or exiting the electric sector associated
therewith in a direction perpendicular to the plane of the electric sector and overall
ion flight path. Trim electrodes used for perpendicular deflection may have edges
that do not necessarily conform to the shape of the electric sector deflection
electrodes, nor is it necessary that trim electrodes of the present invention conform

to any particular shape.



exanpl e, sem conductive or poorly conductive material,
or insulative material fully or partially coated with
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as, for exanple, films or w9es. It is understood
that trimel ectrodes of any shape whi ch produce the
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ions enfering or exiting the electrric
S G0dradg shesmidahethm eleetredes ifithe samme d$ the spacding between the trim
perpendicul ar 1o the plane.of .the electric secto
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p%@ﬁﬂé’gr ﬁ% Fepbhe CbhMingBydifTaset paaass SQdiffbrht gacingt
necessa conformto the shape of the electric
s aetiax; agtefithae theanopadfghe prsden mwmion sFartexpaples thgdjstance

DA B P aph oD SAERE0S g gFe 8. DL RS
PGRLIUSRLRRSLRETFSRIES, maylBe 0RBS whkitdho d@hrmrcg’lfrmntthe:siimt of the

el ements of the present invention are di sposed
bauksentiaventiony Alse, thagogiien at th frip cisciyedesanay ‘&jmoved

© bt i AFEE Blrah ORIk il RIBAGE M Thot, e e

ions and arrangéments of |on optical
E| ﬁwﬁ)ﬂSs ity Bven'tespedd mtm thé sxpion etweat tbe deflgctionelehirpdes of

the scope of the |nv The

ol e FieBaES TP anhp PR SETE e el BB (o e iations
Po; thinoéi&%ﬁ{e gé&m\%\ﬂ' HSJ&%M% 2RSS FHrRoHiBBEhE pbteh RSt O
entry or out mai ntai ni ng a ‘spaci ng W th

r e@@enmded) byhxm methd: mntﬂlg]nt retteasttho thas esit bf et eleggric sector,
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de¥9RFnET arFPﬁ@ rSS‘?R? WieF Her zog shunt is
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. ion optical 10 elenent and electric sector. In the

25

30

pr ef egiverionrmptici rekament predesspha the spastngessharetig the trim
electrodes. However, the dimensions of the trim electrodes may be varied from

this embodiment over a wide range while remaining within the scope of the present
invention. For example, the thickness of the trim electrodes may be increased to a
point where the distance traveled by an ion through the ion optical element is
greater than the separation spacing of the trim electrodes or even the separation
spacing of the electric sector. In the preferred embodiment, the thickness of the

trim electrodes is approximately the same as that of the associated Herzog shunt.



Herzog shunt and the trimelectrodes is the sane as
t he spaci ng between the trim electrode and the

W@bk@a8i(0e8 sect or openi ng. However, vari ati ons PCT/UR®03/027974
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positions of the foregoing conmponents, resulting in
di fferent spacings or differ@ft spacing ratios, are
within the scope of the present invention. For

exanpl e, the djstance.15 bhetween..t.he trim C S
Ao e rn SR TonliD B WU T R
angb i tri melectrodes, may be increased without
departing fromthe spirit of the present invention.
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present Tnventioh may be made frommaterials that are
and followed by a free-flight region, namely 220, 222, 224, 226, and 228. This

symmetrical arrangement of the electric sectors and free-flight regions provides
several advantages, including both isochronous and spatial focusing, as described
in Sakurai, et al., "Ion Optics For Time-Of-Flight Mass Spectrometers With
Multiple Symmetry", Int. J. of Mass Spectrom. Ion Proc. 63, pp273-287 (1985).
This symmetric arrangement also provides the advantage of allowing a relatively
long flight path 60 to be compactly contained within a space of significantly

smaller dimensions, thereby allowing the overall size of the mass spectrometer to
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conductive, sem conductive, and/or poorly conductive.
El ectrodes may al so be 10 nade frominsul ating

woraioe3@bs t hat has been coated with or supportBCEHUS2003/027974

conductive, sem -conductive, or poorly conductive
material, such as filnms, w rRhg, or the |like. [0073]
As described above, ion optical elenents and trim
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o etol koo e BRRen BB o i Hece eqtonss

Wipbditisregach tabthiepink JEBAST byPdack QORGSE L RBximatel
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r @apernlanap wathdhesejof theeathersectarsdwhbilé agconinemtating e, freetftight
A‘Pé%&{gitﬂ&%%tw &t 1s understood that any suitable
coAbI natTon of T on optical elenments and trim

el@036} odes Apparams@0d farien comprisdsiod surdBI0EHe6H 8&tbdsr

rT% ge |€{pl enented within a TOF nass spectroneter and

héRG oot o Whichpts fupghianally analgeoup tasthe gomespionding feomag in
i t . di_nent , of

TERPALES PG RSy L PR O SFERRERR 20 2D
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Vi eWw. .. crossz=section js taken through a pl ane

GET P B)E FERERBR G B A SiiergrioT bl frogpeedqbpt ense

2fereficPwillInIFBE Fra80 B the QIMRIR e i

i de%ti cal.1 el ejgtgri c sectors .25%,&%%Fﬂ%§g@rg% Vgtohot,he

edederganding gt the doloveidg descriptionsapplyf todhalothér electric sectors.

a i mat e . f ;are...Each of th our electric

s g@{@r s ar eb&pﬁ% ! g%al SRCTAop ?%p%%éu&%@@’ %pieéggq‘fefid‘?ﬂs are
r geticpated el extrdtBd fré@ion ddiftee 228 sepiifle R folhded along flight
s¥gtgetr| cal arrangenent of the electric sectors and

f L

o) aghare flaghlodieqieduncacs ival etionaletestoy 280.aGkght path 60
! ! ; . ! i . _
(Bl e b A ARG R P2 O R R THE P B
TheveorX250] BH)U50kas SSPpaid thafive fige- V¥ i redibis 200,222, 224,

S try'..Int. J. of Mass Spectrona. |on Proc. 63, )
045 409 838); 19islhy e asanged 45 SAARRAT ok oF WIS semmuERIcalss with

g h i i :
R S M A

s pHtandodnteringriirde-Gight tegionPR8! ICerreshomdingiyg s ekiidlighpath 60

1] qwi all s f t t
D38 e 50 B BB 1518 350 R B nBEReiofdo8, 1 ( he
Pow7ey red and B gesTBRdd erfRsdimeit otf@?%afrﬁ’t‘dﬁ 260,86 I]:e:hgth% ogc)}/le

sectors is_positioned such that the plane define
e feorilighé regionsaradefined ibirweraneteys degignated '®1"and "Bayivahas for

i t t her ors il CCOo dat i
A SRRy ST G Bl oSSR A o
Afipaflight seg2éi3 220raht 226 ermsabitaeRillly o @mm@@%tﬂ,%@aﬁ thign
d}e?te tor 280, both of which are functionally )

a Qg@dﬁ)ﬂ’%" teres He2-c off psedysonratcrrgd thantherlergth pf free-flight region

224 is substantially two times the length of free-flight regions 220 and 228,

wherein the lengths of free-flight regions 220 and 228 are defined by "D1."

However, it would be understood by one skilled in the art that these default lengths

may be further adjusted and/or modified to alter the performance or other desired
characteristics of the apparatus. For example, the lengths of free-flight regions 220

and 228, which are associated respectively with the ion source 210 and ion detector



apparatus 100 illustrated in FIG 1. Likew se, each of
el ectric sectors 250, 350, 450, and 550 conpri ses

we@s®ensiosd | y t he same el enents as the others apdI/bos03/027974
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essentially the sane functions as electric sector 150
descri bed above. Hence, 10 r-eRerence wll only be made
to the elenments of electric sector 250, with the

R HEPE icditaltiors B ds Rt ehe) o ORbad v ve Janchim on

opghAl io8RoRice ARMBF RhURtedP usciBIRh Earialdied 1 ons are
generated in and extracted fromion source 210,

sdP@irdit ed arfirst olocisie decidoroidg CDmpgllsts inpatdefl6@ingaiettade252

final | t ed t 280.
e SRR BRI A T 2oL it e
e>ab§007a26d &t Heszogahinnedo lh‘i(vﬁlg %ﬂérﬁh*é 2¢1. esﬁﬁﬂaﬂy, FI@&BQ SRunt

(250 350, 450, and 550) and five free-fI'i ght

r 2P S¥ith queptgre 275mssopiries wilpthe elastiicaeelor atwitichopaning 258.

ar, ed as h icate h

|t[géﬁ% ghborpglg }mﬁgn‘%ﬁt er ef“%?’&% ‘EPHt?%gg&aﬁe Hoaﬁpucatl

erddTWZMﬂ&xrefslbda:gvdﬂ?n Ia0sfticsl el&ihéht%d cBMpAEdsEm
e- fl‘%g%q | on 220. Correspondi ngly, ions exit

fI Hed 259 256, IS DR ODtice] @iﬁr@m 267 eynprésqs trim

d F 7

R P o ZET b B fart bl LABURRr e el an . 20

ofand kheo ccbmpnsa‘ the ghrhe eleguemn as a]neetndeéctmelﬁd;yncpherrﬂaﬁxﬂe h6t be
ﬁsg é 33%1& and "D2," values for which are listed

i SFRECE §OPAT In the preferred enbodi ment t he
ogegdps of Hi whflo

sgbstdgnt iall ymﬁgﬁivgﬁgﬁﬁhgﬁgﬂtuﬁ@v\her e?eﬁﬁty hi's tgéﬁfmc Se(ﬁor

| §59m FIGrﬁ’e suclphat'a Ietferemeadnsﬂlght pitbis asp;brcb)hmatebhmrmal to the

+ PR b e GRS his Hthre B0 e iensiosR 82558 Toaef bomsen he
whmsf: ueﬂ&dﬁmglewagb&sm‘ arfdrtﬁ@oﬁtlsf Mecﬁ&?él@&ﬁad%%% 3p €1e8t%§
are defi ned ,eté "  However, it be under st ood

by @2 Xk W nege Wﬁdth oéther¥latsyderplatne2® ansi288t Hs thabeibkt of the
9‘% JeU{o} H@ﬂec‘aﬂg Uit g%e? ?gg %%g? 5 aBH %d g%lsﬁ%%lﬁéb%?veen the

perfcor nmance or O har at%

t Pdatapiagrlaiteiz84 aﬁmlrzssmmeeeledtﬁe sdcedtgleflecti § dldcaedéd 152hnd
rggl ons 220 and 228, which are associ ate

6ect|vel y with the ion source 210 and ion detector

WR)(?Q@M 030G48, ?&Eﬁ% F)?/ c[(l) g%zﬁtmngescr I%gel % Jggtor entry

nodi fied fromthe d engt
dége teltlegiriosectons2 5 0adtclisling ionersieliectngaalettiode 260 and outer

R Mast Bon 1 o RB s iy T F e o

anlustidti®e petpbies C ISPl Rl ih F6ie V?e'{?ﬂare B pticAP@Bhag 2486

of the electric sector is 5 associated wth Herzog

s sudimegrippelpeitpdap 86Q ande26d Y and Berrop ahuny 27¢46ngluding Heantog
shunt aperture 271). Various dimensions, values for which are listed in Tables 1
and 3 (see below), are labeled in this view. These dimensions include the trim
electrode thickness (Tt), the trim electrode spacing (Ts), the trim electrode to
deflecting electrode space (TEs), Herzog shunt thickness (Hr), Herzog shunt
spacing to trim electrode (HTs), Herzog shunt opening height (Hy) and Herzog
shunt opening width (Hy).



275 with aperture 276 associates with the electric
sector at outlet opening 258. [0079] Also associ ated

wawdaohoznos y 256 and outl et 258 are ion optical PCT/US2003/027974
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el ements 266 and 267, respectively. lon optical
el ement 266 conprises trim-23ectrodes 260 and 261,
and simlarly ion optical elenment 267 conprises trim

10 el ectrodes 262 and 263. In this rticular .
0882 rent | FIKT o8 shows 2 SeHTBPONSEg ’englgge’:cf isqmgitieyigw of entry

CANL ; BRMow dbele8 el s feBPhicRAtk
hence e\?me%ltrﬁéj%gﬁ)?gzo’qgli scussggﬁg?sgglgat[ gl y. [00880] FI (CE 4
shawbindl ik and B (sed belnivig Ae withiiIGy SAGBalnes for Hepe digensions
sector ., 250 of FIG. 3 h that a refere iy

£ FP GtsidaeRrepEesapav bATLaN, S1c oty SRRSE PR 3, an
OfiintSioht e Bven iRkirfchEd, GHIeSs StBéivigsintiiegted] MENSi Oons Ss,

t he space between the i nner deflecting el ectrode 252

afi®88he out br vatisius eabpdimentseibe igtieptsliclgmens gy tpclude an
t 250; ) th i d .
Z ﬁlzglrggns |_éS 18, 8Wﬂ3§1 ta}%?ﬁ) iihr}ezglelgﬁ%&?ﬁﬂ?s&hﬁhgﬁe ABérodes

ctric sect

dedd Rstdd'e fBhRGhS RAGRaR5 Thalth72bkns mas bSMed insteabefs brig
between the Matsuda plates 284 an 85.ar&d t he
eFembinpion withghe adipstakle elegiredes alp 5 and 20 254.

g?fg@ﬁ FIG qsg(r)?gﬁﬁygrag%%f SO SseR LRV bR wak B Rbdeled

ic seC 6 to electric sector 250,
| Q§ihg SIMIONIT arconefereially mgileble dorr optis 6dkliag ¢ragrans (SIMION

EIERCE G T DR

depj ' j j ' i0¢ Merie tevainds ed5n th
( FOUeS G pliforhitnto MidPindiofe g ol of Herel o TR réftcdn the

Slprint ail270 (i ncl udi ng Herzog shunt aperture 271).

TRMEBE® ' A sdGon S ine Ry O AN ERef ol A skl
(T FSAdLivFRD Fh @R ditieahludpustrientd, ok Begredsasfifreadan for tiniresthe

T), the trimel ectrode spacing (Ts), the trim
elieroptisgbpropertige of each ohtheslestic KOS Jhtsanof FEEepsary g Svsy

t .thick ) i i
O AARR bt o gt e
HehdRq it EhetheRRan} oGoweeitfbr rhi) errddOiPhe 44<BAHES alignment of

PCT/ US2003/ 027974, -23 [ 00821 F‘i?&/ 5B shows a
c 6he sesiBh P Aaese RBIUSEHLS BORYUMEPEY | ew of entry 256 to

ST 2o R g IO a8 e

bediffedencelss the pbtemtiaBs ombihe inter and ofiter trinh elsetrefiesanadivsiable

2&%{%&32%3}%%}%?&3@%& rﬁ? %%?gt)gc%li_o\rlr}%tq%f ’I%le lsarflg Hgte@iﬁ & inp?led to all
of the outer trim electrodes and yet another potential is applied to all of the inner
trim electrodes. It is understood that the present invention is not limited to
potentials applied in this pattern, and that other possible subsets (up to and

including individual trim electrodes) may each have different applied potentials.

TABLE 1
Modeled Invention Embodiment Dimensions and Potentials
Modeled
Parameter Invention
Embodiment
Electric Sector Radius 2.00
Deflection Angle 270 degrees
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5 dimensions are given in inches, unless otherw se
i ndi cated. [0083] In various enbodi nents, the ion

w@pitsozlooel ements may i nclude an Einzel |ens.PEFUSR03/027974

known in the art, an Einzel lens conprises multiple
el ectrodes configured to foggs the ion beam The

Ei nzel lens may be used instead of, or in conbination
Wi th——t—he—adi—us{—&bJ—e—eJ—eet—lLedes—aJ—Leady described. 10
[0Q84] A TOFMB apparatus of the present inyentMofelsds
firlst model ed usinBAYMMLEN 7, a commerci al/| y Invention
avdilable ion optic nodeling program (Sl M ONEnthoddmént
Boq 2726, Idaho Falls, |ID 83403, USA), and|#4l¥sn a
prqtd ype constructed to test the performnge and _
core the figures of merit to valUes repopied 1Tn the

prIGﬁMaf[. 1510085 |ne addrtTom of —the IU%QdJIIH

el

+ta forr

ﬁiludca to—an ctrte—sector—provides xmztu fout
ad 48 Al adi et mpnt o oFr r~|ar1r ees nf fraarl f or

T LA ARE® Y] U‘Uj ot ITeTIto, S99t .v..1,2 Tt
t uni ion optical properties of each 812t he

el ackrim Eleciode Thickpess (EDnot necessary or eVén6
deqiTrah[BecitnederSpastingyd's) he i on optics to use0& of
t hgskim &jectrede af Sdctoe @lantnodt Spade€TEg)ndel , i1 0i1g not
neqgsaaéy/shut hknesli(hpr smalT errors in the e

ot Al §ABRERS TR PRGHIE (ST 0TS SV Ui

ad) R A PSSl n WP ATy 10090 6] ~Thus,— oy, ggodetng
CS LI StHana—the i —CTTCT—CH
Itoh BeQsshun; epeping width (s, " n "ot er o

as ;5{ A&Pf‘:lﬁliagonyﬁlt%t ers in the tuning of 1L AH00 volts
spadiotential et Elewtic Seaion Outsr &gatratle | s appl i ed 1730 wolls  of
t he Retensial on EleceicSetioofiwsr Bledtrgdd  anot her  petitviolts i s
applHogshtinboraMatsnfla Phaeesi nner 25 trim el ectr 0dg$woltd 1S
und&otdnialon imbr T Me/RABE 1 nvention 1S noksd LGk €d

t o | HpdrRRf brDRtARRL Blckdics M S parterm, af 3213“%1,@” et

possi bl e subsets (up to and —inctuding—ndi-vidoat—t++m
el ectrodes) may each have different applied

p{nosm i al s. Thé\Bdtof dpattiddstatrrhld fvein TublERaE: PRObS many
ions and Potentials WMdeled Paraneter

| ﬁ% Benserprsbermgmodsling phich medycss a Reerinyem zespbption for 10
De{/i66d inQh ?gg 9§ f@é&)ﬁlﬂ&ﬂf RR g QPP R as carried out by

PCT/ US2003/
minimizing the sum of the absolute magnitudes of all of the first and second order

aberration coefficients for the time-of-flight. Because the deviations in x (in the
plane of the ion flight path, perpendicular to the path of the reference ion) and the
corresponding angle o are not symmetrical for this design, the aberrations for these
deviations were also calculated, adding an additional 11 terms to the 20 normally
included in the sum. The values for the deviations xo, o, Vo, Po, and & used for the
optimization were 0.2 mm, 0.2 degrees, 0.2 mm, 0.2 degrees, and 0.001 which
gave an optimized resolution of over 16,000 when all 31 aberration terms are
included in the calculation.

[0088] The results of these calculations for this set of potentials are
compared in Table 2 with the aberration coefficients disclosed in Sakurai ez al., "A
New Time-Of-Flight Mass Spectrometer", Int. J. Mass. Spectrom. Ion Proc. 66,
pp283-290 (1985) ("Sakurai I"); definitions of the aberration coefficients are as
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Mbdel ed Paraneter | nvention Enbodinment D1 4.76 D2
3.12 Ss 0.36 WMO0.20 Hs 1.12 SMO0.12 Trim

web@answoe Thi ckness (TT) 0.16 Trim El ectr odePSpES1008/027974

(Ts) 0.22 TrimElectrode to Sector Electrode
Space(TEs) 0.14 Herzog shums -t hi ckness (HT) 0.16
Her zog shunt spacing to Trim El ectrode (HTs) 0. 14

R i R e S5 gt e wop e O s B et Mass
]Sbe@@&ngteistWﬁh Mlﬁﬁlts's%&m@’tr}ﬂ BReUX WSSS%E&?FOM)@ Proc. 63,

El'ectrode 1739 volts Potential on Electric Sector
|npad3-287 19850 dSakureill" vol t s  Potential on Mat suda

Pl ates 183 volts Potential on Inner Trim El ectrodes
339 volts Potential on Quter Trim El ectrodes 343
volts [0087] The set of opaBaBEMg potentials given in
Tabl e lis the k@&hpmsoﬁaﬂ,xber%(;ﬁlo@@fﬁcmﬁs found during
L‘?/ %b%P&tM't ;}1” PT QA Fa‘%}a maxi mun Aegeled Thédhtion” 1U
KV Oeﬁic\i&ctar:".scf)artl cg geonet [ ¥ bLafmnddn] ng of the

*% oS 9000 °7 >

Mg e SUTIT UI l IIC
Al | of t+hn O‘B Q

Qornn

abo ute nmaanit g f A A
SHHU—e—HagiHtd€ ar—1T—0——ne | ae—Se€oha

ordér _aberratiaf cqopfiripntqfn 'p time-of -flight
Be¢dyse the devi @88 in x (in thBO0PN ane of the ion

flijght path, perpasdodul ar to the| pEd.00 of the

refigr ence ion) andgtfe correspon:l'Bng angle a are not

Squliglll(..dl for tr§§6 oeS| gm, tne Abgpr ari ons Tor These

dei-&-ens—were—¢ o,ZP cat-cutated; %leg an—additional
11 {flepns to t he 2d ormally 10 inchy

The Ival ues for tHe -Qeviations xo.|84° yo, Ro, and S
usedfor the opt|ik@@xation were 0{29m 0.2 degr ees,
0.21mm 0.2 degrgagoo and 0. 001 whi ©f0000

ed-inthe sum

Lys 0.00 1.00
Lag -0.02 0.39
[0089] While some of the aberration coefficients of the modeled

embodiment of the present invention are smaller and some are larger than those of
Sakurai, the two which make the largest contribution to the peak width, Lyg, and
Lys, are significantly smaller, with the result that the overall spectrometer
resolution of the modeled embodiment of the present invention is improved over
that reported in the prior art.

[0090] For example, with xo = yo = 0.0002 meters and o = Bo = 0.00349
radians and & = 0.001, the predicted resolution using the calculation of Sakurai I,
which includes only the aberration coefficients listed in Table 2, is about 19,000
for the original design, but is over 30,000 for the modeled embodiment of the
present invention.

[0091] The predicted resolution depends on the magnitudes assumed for
the deviations Xq, Vo, 0o, Bo, and 8. Furthermore, with the present invention, the
properties of the time-of-flight spectrometer may be adjusted to provide the best
performance for the actual deviations expected from the reference ion properties.

For example, it is well known that ions produced by commonly employed matrix-
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gave an optim zed resolution of over 16,000 when all
31 aberration terns are included in the cal cul ation.
w(Q 0@383000he results of these cal cul ati ons for P¢I/BESHE/027974
of potentials are 15 conpared in Table 2 with the
aberration coefficients di s@6esed in Sakurai et al.,
“"A New Tinme-O-Flight Mass Spectroneter”, Int. J

MASS. _
N e
cRkifibiahRBesaReras alhaDNG LOGARO SN RGT bEBAOORNAELTAS

-25 described in "Sakurai P and in Sakurai et al.

"Ireperidpedl ¢e thegnasy phie dpn. FThegtmgrmlég of @p?e@tcmrﬁ@@wss

e atoh Py TSRl pe Ll oo i, 3R b I0Eg 405
Gaigedioisids cad hAeveal 000¢V CDeftfd ehieyt 6n avildgge; alithan

Sakurai. | Model ed Invention _Coefficient. Enbodi_pent
Ldstoibuiderpineengreies of s sprepymastituggod Mad Ly t 6@?789 @%GG@SS

oo 2000 S g 555 SRR e

_daMdind o f@00 11lorGhorke fez(lafgz p@oteﬁs Hu @&Salvdvwdrdd de omlydf. 0002
the aberration coefficient del e enbo

f th
;ﬁr lessfopsmalbpeptides, wHh msces el %%%Qq%&gﬁa% Gims- %ﬁ’fglg
| ReUEmbaPR: ORAAE o his HcafGHhR) fon ofiffedt BEbphicS WHRRHay be
tLﬁlmngad By sl?aggixﬂgit?@mtbmlamwpﬂled to ulwtvmwumlmlm uncthnhng the
e overa ectL.r.o t
LB GleRestos. Thu, dhSiveaion TRkt basab1edo tinsrind Bt gpter for

best performance with larger § which gives best resolutlon for large proteins, or to

tune for best resolution with small 8, which gives the best performance for
peptides. Furthermore, the desired tuning condition may be obtained by simply
changing the potentials applied to the electrodes of the spectrometer.
[0092] Each of the trim electrodes of apparatus 200 has an electric potential
that may be independently adjustable with respect to others of the adjustable trim
electrodes and with respect to the electric sector deflecting electrodes. Therefore,
each ion optical element may be configured to modify specifically the potential
experienced by an ion entering or exiting the electric sector with which the ion
optical element is associated. The effects of these adjustments are similar to those
described hereinabove for apparatus 100. Therefore, each element and trim
electrode may constitute an additional degree of freedom to modify the ion
focusing properties of the electric sectors. These adjustments, in combination with
the known advantages of the symmetric arrangement of flight path 60, allow even
greater control over and improvement of the mass resolution and/or sensitivity.
[0093] An exemplary electric sector time-of-flight mass spectrometer of
the present invention ("Physical Embodiment A" or equivalently, "Embodiment

A™ was constructed with the parameters provided in Table 3.

TABLE 3
Dimensions and Potentials of Embodiment A
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wdazoonaslioahs and 8 = 0.001, the predicted resol BCT/U003/027974
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apparatus 200 has an electric potentia t
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BB E kbl R g el oct rodes. Therefore, -

[0095] To demonstrate the features and/or advantages of the present
invention, representative mass spectrometer experiments were performed with the
Embodiment A electric sector time-of-flight mass spectrometer. Unless otherwise
specified, the preparation of the samples, the operation of the mass spectrometer,
and acquisition of the time-of-flight mass spectrum were performed in accordance
with methods and protocols known and understood by one of ordinary skill in the

art. The potentials of the electrodes in Embodiment A were applied as set forth in

Table 3. The experiments and results described below are illustrative and
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the ion optical element is associated. The effects of
these adjustnments are simta8-to those described
her ei nabove for apparatus 100. Therefore, each el ement
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symmetric arrangenent of flight path 60, allow even
greater control y(grnﬁ:ﬁi, [ OV t Pf~the mass
resol uti on and/ orE ensi iv§$e°%aﬁlg%§?% exenpl ary
GOOD] 1 i C STk Aasé sygRtroietel b0t presss isvEmtibn pravides vadl-
t he present invention ("Physical Enbodi ment A"
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S T 1380 Al 5 s
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odi men
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I'm El'ectro

C|ng (Ts) 33 TrimElectrode to
Seuss oangElof dterosten Spaloav QeTE&)on@n@ measysemey of dlanger number of

CBREEE (1L Pl gttt Spocire fo T
Q0667) Her zomb Gdmuiistroteehd p@cirdldhrpe(dfite Siestit invention, the
apparatus of Embodiment A was used to obtain a TOF mass spectrum of IgG in a
sinapinic acid ("SPA") matrix on a gold chip. The sample was ionized by delayed
extraction laser desorption ionization and the ions were detected with a sampling
rate of 250 MHz. Referring to FIGS. 6A-6C, three portions of the TOF mass
spectrum are shown, each portion rescaled along its horizontal axis. In this mass
spectrum, signals representing ions having masses from 1.3 kDa to 146.4 kDa were
observed. Therefore, this example demonstrates that the apparatus of the present

invention can provide a single mass spectrum with a large spectral range.

EXAMPLE 2: Spectral Range and Sensitivity (peptide)
[0098] This experiment was performed to determine the spectral range and
sensitivity of the apparatus with a peptide sample. In a manner similar to that
described in Example 1, a tryptic digest of 100 fiole of bovine serum albumin
("BSA") was prepared on a SEND-C18 chip (Ciphergen BiosystemsTM) and a mass
spectrum was obtained. Referring to FIG. 7A-7H, eight portions from the single
mass spectrum obtained are shown. The measured masses and resolutions of the
peaks indicated are listed in Table 4 below. This experiment demonstrates that the
masses of individual peptides may be obtained with high accuracy and resolution

as measured in a single mass spectrum.
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i nt er tection and neasurenent of a
| ar ger ARBEt ofBSA Number of BSA Percent Coverage
Digest Peptides Detected of BSA Sequence
100 fimole 92 93
10 fmole 64 81
1 fimole 44 66
EXAMPLE 3: Mass Accuracy
[0100] To determine the mass accuracy of the present invention, the mass

spectra of eight samples of a peptide mixture were acquired using the mass
spectrometer of Embodiment A. All eight samples were introduced on a single
gold chip in a cyanohydroxycinnamic acid ("CHCA") matrix. The numbers listed
in Table 6 were calculated from the corresponding peptide signals measured by
these mass spectra. As shown below, accurate masses for all five peptides were

obtained using the Embodiment A mass spectrometer apparatus.
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Referring to FIG 7A 7TH —erght
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TABLE 7: Measured masses and resolutions of ACTH Spectrum

Peak Mass Resolution

1 4540.28 10394.6
2 4541.33 10306

3 4542.31 10651.1
4 4543.29 10305.6
5 4544.3 9178.79
6 4545.34 9105.81
7 4546.31 8430.71

[0102] It is understood that the foregoing experiments and their results are

only examples and illustrations of the uses, parameters, and advantages of the
present invention. These experiments and results are therefore not meant to be
limiting with respect to the type or scope of the features, advantages and uses of
the present invention. Other uses, applications and advantages of the present

invention will be apparent to those skilled in the art upon review of the

specification.
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[0105] It is also understood that one of ordinary skill would recognize that
the Herzog shunts or Matsuda plates, as described above, are dispensable elements.
They would also recognize that the Herzog shunts or Matsuda plates could be
incorporated into a partial or full enclosure of the €lectric sector or sectors of the
time-of-flight mass spectrometer, as depicted schematically in FIG. 10 in a top
cross-sectional view. With respect to FIG. 10, apparatus 300 comprises enclosure
370 that incorporates the functionalities of Herzog shunts and/or Matsuda plates.
Enclosure 370 further comprises aperture 375 and 376 that allow entry and exit,
respectively, of the ion flight path. These and other embodiments are within the
scope of the present invention and would be apparent to one of ordinary skill in the
art, and their suitability would depend on the analytical circumstances or desired
features.

[0106] A TOF mass spectrometer of the present invention may also
comprise electronic and/or computational means for controlling and adjusting the

trim electrodes. For example, a control system such as a computer may be
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this method include, but are not limited to, the embodiments described
hereinabove.

[0108] In one embodiment, the method comprises determining a first mass
spectrum using a mass spectrometer of the present invention, from which a first
mass resolution or sensitivity is determined. A potential may be applied to at least
one trim electrode prior to determining the first mass spectrum.

[0109] Following the first mass determination, the potential of at least one
trim electrode of the apparatus is adjusted. A second mass spectrum is
subsequently determined, from which a corresponding second mass resolution or
sensitivity is determined. By comparing the relative improvement or degradation
of the mass resolution or sensitivity between the first and second mass spectra, the
improvement or degradation may be correlated with the intervening adjustment
made to the ion optical elements. If, for example, the second spectrum
demonstrates a higher mass resolution or sensitivity relative to the first spectrum,
further improvement may be pursued by determining a third mass spectrum after
further adjustment of the trim electrode in the same direction. Accordingly,
adjustment in the opposite direction may be required if the second spectrum is
demonstrated to be degraded with respect to the first spectrum as a result of the

intervening adjustment.



exanpl es of the many alternative enbodi nents
contenpl ated by the present invention. For exanple,

wW@bkdohosmhs t hese enbodi ments illustrate ion optPCHIUS2003/027974

10

15

20

25

30

el ements di sposed at every entry and outlet of al
el ectric sectors, this confizgwration 5 is not a
requi renent. For exanpl e, in a TOF mass spectroneter

conprising nore than on ctri.c sector, it maybe.
IR0 1 o2 Birter s mn oo Brrtied r BReH et PG Sk,

e@ésfr}éd 8f §1Hﬁﬁe1f1ﬂ thass r@s'oﬁﬁifoh'o? sSRANVAY ieRhiARHY TAE ninhe method :
outlet o final electric sector, wth no ion

opf the @tesaitemmhsn ey he @ne&:torattaglub@ ées@eé cesplugion end/er s.

O her il ar, onbl [ ongei vabl e :
CeRetiv ik orrgiqy T SERO e RYLTAT G L BREET SRS £O Saete, he trim
abib&ERRE bY e S0 S iR Bnstet thayibe et opiaieittie/mash ape

size, relative position, and other properti es of the

. spectppien fordetsmaining amass sDEeEn &utansatde sanle $imlasky; the

from those .illustr
aﬂxassl@eci{f%ﬁg}] m%}ntsﬁ é{? ?@T%#L{éleg !f(% e &]%tnﬁalrcfeéteﬁﬁli}ne g’%l R§ ?mass
akdec@imtdre prbteii sahples EBitensksllddrin ahe ei[{ﬁoﬁﬂﬂsmderstand that tuning
spectroneter be |dent|cal i n geonetry, size,
f Bt mepnepmag pp epriormed p @Efé’rl‘? imatiifings flofy any Wétable
pr.
ae&%ﬁ%ﬁ%ﬂ%‘tﬁéﬁﬂo‘?@ oksﬁmgpttunlﬂgiyﬁ %‘ s i} a en%’%tfa@%‘{ty?é may be
eleeiniined beforehrnsd oythe fniamfacturergiuil/ drelga apresator]. OGS4 sdtttlngs

is also un rst oo that one of ordinar I

r BRI iy the nQﬁB’iﬁ’f@"%ﬁ“ﬁ‘%@s‘ﬁH&‘eﬁl’Bﬁf@%‘S

33‘”1‘13 fcri beqnARGNRe n@i&ddasswem§§£&3 GstBERATBNLS trimAechid@ys in
al so recogni ze that the Herzog shunts or Matsuda

petezral, maybd pbxéonrrmdompm nqatckbf precisely, pul/er agburetelyf by psing an

encl osur he el ectrj,c sect,or .or 2 cto

© PR el Gt B0 G Cln SRR o Tne

S gh@rBl sk fah nYay B dohfeurk@ td, TorPexaBiple, G618FSre HRCHTOPEEES of the
view. Wth respect to FIG 10, ap (sarat us 300 conprises

e mﬂss)gmcea dgrponinpdat differspinsktans end/Aradivg dig innslpéirads

1
3 75 L PR KoL Mt i BhBby o Gl B,
eRbfryalogxink,, algoritisns Gt ed Wke. dreddhemiimed dpltmgkﬁd qeainigs as

These and ot her enbodi ments are wt e of
Idescpibed abrve; Mok he ﬁfefﬁdaﬁahmﬁet%@ng %Cflah ets A& Popgram

Ort&ih\g@%% aﬁ bdurktBiytsBEine ﬁ’h] ’elééf}gdésns e sk g%*Até deftdhgs.

wou pen on the analytical circunst es or

dgeirgd f eatllpaents, @@tepoplﬁﬁl]ca’rﬁon”ﬁﬁﬁldrmb@ pabhshedmcvfeteeces

of the sent |nv ntion nma 0 S troni

o o BL SRt B g e ST haF aF LY 2oy
agjz§ b @ dfvidhalll bhdyRLBTI P #RSrpofREd By ARt Rve IRrGRNBY Bheir
system such as a conputer may be WO 2004/ 030008

PCiiatisPohai0oay&farences in this document, applicants do not admit that any

particular reference is “prior art” to their invention.

[0113] While specific examples have been provided, the above description
is illustrative and not restrictive. Any one or more of the features of the previously
described embodiments can be combined in any manner with one or more features
of any other embodiments in the present invention. Furthermore, many variations
of the invention will become apparent to those skilled in the art upon review of the

specification. The scope of the invention should, therefore, be determined not with
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el ectrodes t® amien dpiseiop erumaneationyeith fhe jamexipgfithe ion
pat ents, patent publications, and other published

r elightgpattemeanseatd oned herein are hereby incorporated
by reference in their entireties as if each had been

i ndi vi dual | yd)amdars@ecictbrdalg tirmeoo ARME spe@trulyof the detected
reference herein. By their 25 citation of various
refgrences in this docunent, applicants do not admit
that any particular reference is "prior art" to their
invention. [0113] Wi le specific exanpl es have been
provi ded, the above description is illustrative and

not restrictjive. Any one or e of the features qf
the pre¥i oust B MARSS ?qﬂwg&t%r?ggfﬂrﬁﬁmﬂ@aﬁhed@n@aﬂa? Rlsgpent

in any manner with one or nore features
comprises an Einzel lens.

3. The mass spectrometer of claim 1 wherein the ion optical element
comprises at least one adjustable trim electrode that adjustably modifies the

potential experienced by an ion entering or exiting an electric sector.



30 of any other enbodinents in the present invention.

Furthernore, many variations of the invention wl|
whewensoapparent to those skilled in the art upomRUS2003/027974

review of the specification. The scope of the

i nvention should, therefore,3pe determ ned not with WO

2004/ 030008 PCT/ US2003/ 027974 -34 reference to the

above g;escri tion, but inst eg% shoul d be_det er.m.ned

with réf er erfd8MasySRIGEORBITERLEATE GF A P SHFISiR fe lon source

their full scope of equivalents. WO 2004/030008

P@T4 lasA0Bsy PRI souBs- What is Claimed is: 1. A

time-of -flight nass spectrometer conprising: a) ion

flight path neans defining a flight path for ions and

having an ion entrance and an ion exit conprising: i)

at |east onghtmalsdlspec@EmEREbOElaint 1 br Slhinh @3ferélAi e ion source
el ectric sector, each electric sector having an entry

a@&l@&s UtlahStar s@i@%i\}e!l}} %ro@fdiﬂ_geﬁﬁtor%e sk !reﬁl%Es of masses.
el'emrent assocl ated wth at |[east one electric sector,
wherein each ion optical elenment nodifies the

potential experienced by an ion entering or exiting

an electric sector; b% an ion spur;&@including nmeans

for ac®el er dtemppsssprsiremetst of ¢laian > phsrain His 101 poudes fugther
into the ion entrance of the ion flight path neans; c)
anngludes degans fayproviding dragmiestatol the seiected mipssdson ranges obmasses.
the ion flight path neans; and d) neans for recording

a time-of flight spectrumof the detected ions. 2.

The mass spectroneter of claim 1l wherein the ion

opti caly el emgRtmass %@&Bﬁl‘éﬁ:r BRcIEMZ §hetEthe a'éjuslfl_a!BPé HHP S

spectronmeter of claim1l wherein the ion optica

o e R e L e e

experienced by an ion entering or exiting an electric
sector. WD 2004/ 030008 PCT/ US2003/ 027974 - 36

&. The mass spectrometer of claim 3 wherein the at least one A
adjustable trim electrode comprises a pair of adjustable trim electrodes disposed so
that the ions pass between the adjustable trim electrodes of the pair, wherein the

pair is associated either with an entry or an outlet of an electric sector.

9. The mass spectrometer of claim 3 wherein the at least one
adjustable trim electrode comprises a plurality of pairs of adjustable trim
electrodes, each pair disposed so that the ions pass between the adjustable trim
electrodes of the pair, wherein a pair is associated with each entry and each outlet

of each electric sector.



4. The mass spectroneter of claim1l or claim2 wherein

the ion source is a |aser desorption ion source. 5.
wab@4/08988 spectrometer of claim1 or claim2 Wer/E52003/027974

the ion source includes nmeans for selectively

provi ding one or nore nmasses Iw- ranges of nmasses. 6.

The mass spectroneter of claim5 wherein the ion

source further includes nean rovi dj n ment s

of the Kbl ecthempizsperdrogiiar g@né’pwﬁﬁ%@@g °“f7§lg gsectors,

mass spectroneter of claim 3 wherein the adjustable

t réagh elspisistsegigehdvingis deftpstion prgloebibouhd’@dearsesawbereine field

outlet of the electric sector. 8. The mass

S pked regivatseparatbs edchiehacBiodeetoei n t he at | east one

adjustable trimel ectrode conprises a pair of

adj ustable trimelectrodes di sposed so that the ions

pass between the adjustable trimelectrodes of the

pair, wherei ’Phetl{ﬂgss sPBitfonie? r%%%ﬁmtc%% s%qpl%h{} &lcctric

entry or an out an e ectric sec

spectro aim 3 east .one
RGOS BineTen b B PE A B A wededoge ERbrif B gprst and
palrs of . é?LBtab|e trim electrodes, each pair

di sepersbRpisey adjistable Eim @ﬁ%trqsiﬁwaﬁlép%éﬁp@%@é S%a}au thedppsgpass
trim electrodes of the pair, wherein a pair is

assaween thd adjustabledim eémrloglesanfdh@mm vdherdiethe fgst pearch

el ectric sector. WO 2004/030008 PCT/ US2003/ 027974 -37
10assddigtedragih thpaaty efithé electait sediai olosstcto iy érttange éftbie ion
el ectric sectors, each electric sector having a

deﬁigﬁ?ﬁdﬂ? Ao 4G 5Bl ARQYSss8 el RHMARS outlh BF ﬁieréle%trfd fb@dr
free region separatés each electric sector. 11. The

ma conprising a plurallty of
eléé‘%?@QBégﬂf&ﬁke%ﬁﬂﬁgeH%& ‘"he at | east one adjustable
trimel ectrode conprises a first and second pair of

adj ustabl e trim el ectrodes, each pair disposed so that
the ions pass between the adjustable trim el ectrodes

of the Fair, Thiaas Sﬁeftwwrr@{clqyau 1 gompriging deyrglecdric sectors,
with the entry of the electric sector closest to the
en¢achelvetrizfsettochiving a fitflaghion pegle ofiswbut R'E0 degressdwheriein a field
Is associated with the outlet of the electric sector

cl geesbionGepdistes¥ich ectridcioen flight path. 12. The

mass spectronmeter of claim 11 conprising four electric
sectors, each electric sector having a deflection

angl e of about 270 degrees, wherein a field free

region pEpar ﬁi glagsa%%ect%rr?e%rrolf%la%%%t wherein the ion source includes

laser desorption/ionization means.

14.  The mass spectrometer of claim 3 wherein the ion source includes
chemical jionization means, electron impact ionization means, photoionization

means or electrospray ionization means.



13. The mass spectroneter of claim3 wherein the ion

source includes |aser desorption/ionization neans.
wa2004/08@08ass spectronmeter of claim3 wherei n PCEUSING/027974

source includes chenical ionization nmeans, electron

I mpact ionization neans, phot3g.oni zation neans or

el ectrospray ionization neans. WO 2004/ 030008

PCT/ US2003/ 027974 -38 15, TEe mass spectroneter of

cl ai m 3wher BieiesisPiamst of elapp o iResin tirigh soyres includes

sel ectively providing ions of one or nore nmasses or

r anepas forfselretively provi@ng Pne ofprsorgperstmasaest aranges of Biaspes.

3 wherein the ion source conprises a quadrupole ion

trap. 17. The mass spectroneter of claim3 wherein the

I on source conprises means to extract a group of ions

from a gl sethddhak @PédidrRs off 01k 83iMdréln Fe Bh kGEES Sdnprises
substantially perpendicular to the direction of the

b T ss spectroneter of claim3 wherein the
nggﬂgdﬁngnggggﬁérating a pul se of ions conprises a

vol tage pul se applied subsequent to formation of the
ions. 19. The mass spectroneter of claim 15 wherein
the neans for selectively providing igons conprises a .
quadr upbl e i Bif Massgpestrogelsr @€ glim g vierelp the ipp sourpecomprises
mass spectroneter of claim 15 wherein the ion source

f umedne to extrdctial gupred iensfiom ppolsediomepnfinegseon beanf intshe
sel ected masses or ranges of masses. 21. The nass

S piektienaibetantifllchapandidlametteidiretiiegh 6fthe béanght pat h
nmeans further conprises a field free region before the
first electric sector and after the last electric
sector". WD 2004/ 030008 PCT/ US2003/027974 -39 22. The
mass s tr t ' ' . i.on fl. ght
pach nans. T bechioBle b RS il Bud b

bef ore t.he first electric sector aqﬂ after he | ast

o [HSETIFTRENG BP{5F Of B3 Comerises a3 elipah it wplird SbSEERHP 1o
wherein the ion source is a |aser desorption ion
sdapedionnf thepgas.mass spectroneter of claim 3 further
conprising at | east one

19.  The mass spectrometer of claim 15 wherein the means for

selectively providing ions comprises a quadrupole ion trap or a linear ion trap.

20.  The mass spectrometer of claim 15 wherein the ion source further

includes means for providing fragments of the selected masses or ranges of masses.

21.  The mass spectrometer of claim 16 wherein the ion flight path
means further comprises a field free region before the first electric sector and after

the last electric sector.



Her zog shunt having an aperture, wherein each Herzog
shunt is associated with either the entry or the

wo@uiokes000§ an el ectric sector such that the i oPGI/psxg3/027974
through the aperture. 25. The nmass spectroneter of
claim3 further conprising amB%ncl osure, wherein the
enclosure is configured to encl ose at | east one

electrig sector. 26. The nms ect.raonmeter aof claim25
wher ef o he. BHCRESGPETOMA P05 ATy 2 aasin edon it B
wherein at |east one agerture is configured as a

Hemgany fatheitcomppiyes arfirdd fge segiqneaionsite grst plecteir spqierand after
further conprising a control systemconfigured to

adihaddst tleerit sectorel ect r odes, wherei n the adj ust nment
adjustably nodifies the potential experienced by an

ion entering or exiting an electric sector. 28. The

mass spectrometer of claim 27 wherein the control

syst em »£0 ;
R AN b e M e ﬁ}%??#é SHEOR a laser

time-of-flight nmass spectroneter conprising: a)
pr%‘?‘%?‘a’.“ﬂa‘%{‘g’?%&%‘? spectronmeter of claim1 or claim3;

b) determ ning the resolution or sensitivity of
detection of ions at a first setting by: i) applying

a potential to at |east one adjustable trim

el ect r odte; i The whisapedtipgnegerfof cim Fefshevonprising@t leasirone
fromthe ion source; and iii) determ ning resolution

or Hezog shiuint hawing bn diedreed, mdrerdin eavh Hdreod shuat isnessiated with
spectrum c) determning the resolution or sensitivity

of eiflRt ffelenf oPthel ARt FHan@lechRERBEDr S thMGhSIns biss through the
adjusting the potential applied to at | east onée

adjjisi,abl e trimelectrode; ii) obtaining a second
mass spectrumof ions fromthe ion source; and iii)
determining resolution or sensitivity of detection
from the second nass spectrum and

25.  The mass spectrometer of claim 3 further comprising an enclosure,

wherein the enclosure is configured to enclose at least one electric sector.

26.  The mass spectrometer of claim 25 wherein the enclosure includes

at least one aperture, wherein at least one aperture is configured as a Herzog shunt.

27.  The mass spectrometer of claim 3 further comprising a control
system configured to adjust the trim electrodes, wherein the adjustment adjustably

modifies the potential experienced by an ion entering or exiting an electric sector.

28.  The mass spectrometer of claim 27 wherein the control system

comprises a software program.



d) determ ning whether resolution or sensitivity of

detection of ions is inproved or degraded at the
waewmaemnshosetti ng. 30. The net hod of cl ai m29 fupeTEs2003/027974

conprising, if resolution is determned to be

degraded at the second settihngp-W 2004/ 030008

PCT/ US2003/ 027974 -41 e) determ ning the resol ution

or sensitivity of detection of ions at a third

setting by: i) adjusting the potential applied to at

| east one adjustable trimelectrode in a direction

opposi t 89t o frecther {ps tuping a Gmetafdliskicassg seestrometpr cpiuprising:

obtaining a third nass spectrumof ions fromthe ion

source; and a)i plovilehges miasd spgetrametbif cdaimol orsdaigi 3;i vi ty

of detection from the third mass spectrum and f)

det er m ni ng Wheébekining3Re tHsbRHoR br SARiSiVLY ¥f datedon of ions at a

detection of ions is inproved or degraded at the
thh{sgséﬂgﬁ}qg. 31. The nethod of claim 29 further
conprising,” if resolution is determned to be

i nproved at the sgcond.setti.ng. et erm ni.ng .t.he.
resol ution or sen‘fiiatplp |?%/38?telgté%lg%?ﬁq8?§?8?e ?‘%ﬁgab&?gﬁn
third setting by: i) adjusting the potential applied

t 0°1889d8ast one adj ustable electrode in a direction
the sane as the adjustnment of the second setting; ii)
obt ai ni ng a t hi r dijhrablingpge firstimass speeimem of sms e therion
source; and iii) determning resolution or sensitivity

of satiedecatd on from the third mass spectrum and f)
determ ni ng whether resolution or sensitivity of

?ﬁ.t fgt lsgtnt .OL gi_ ONSsiii) | detdrMMiRY RBoRfiofl 8BEANBVitRbT E&6ction from
the first mass spectrum;
¢) determining the resolution or sensitivity of detection of ions at a

second setting by:

i) adjusting the potential applied to at least one adjustable
trim electrode;

if) obtaining a second mass spectrum of ions from the ion
source; and

iii) determining resolution or sensitivity of detection from
the second mass spectrum; and

d) determining whether resolution or sensitivity of detection of ions

is improved or degraded at the second setting.

30.  The method of claim 29 further comprising, if resolution is

determined to be degraded at the second setting:



WO 2004/030008 PCT/US2003/027974
-41 -
¢) determining the resolution or sensitivity of detection of ions at a
third setting by:
1) adjusting the potential applied to at least one adjustable
trim electrode in a direction opposite to the adjustment of the second setting;
ii) obtaining a third mass spectrum of ions from the ion
source; and
iii) determining resolution or sensitivity of detection from
the third mass spectrum; and
f) determining whether resolution or sensitivity of detection of ions

is improved or degraded at the third seiting.

31.  The method of claim 29 further comprising, if resolution is
determined to be improved at the second setting:
¢) determining the resolution or sensitivity of detection of ions at a
third setting by:
i) adjusting the potential applied to at least one adjustable
electrode in a direction the same as the adjustment of the second setting;
i) obtaining a third mass spectrum of ions from the ion
source; and
iii) determining resolution or sensitivity of detection from
the third mass spectrum; and
f) determining whether resolution or sensitivity of detection of ions

is improved or degraded at the third setting.



