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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 clai

benefit of U. S. provisional patent appllcatrmmm“mmmwummmm
No. 60/413,406, filed Septenber 24, 2002, the
di scl osure of which is incorporated hereln by
reference inits entlrety 10 FI

[0002] This invention is imfithe fleld of che ﬂ%ﬂlm mmwm
bi ochem cal analysis, and relates particul arl

appar atus and net hods for detecting anal ytes w t hGoooo2*

i nproved resolution and sensitivity by time-of-flight
mass spectronetry. 15 BACKGROUND COF THE | NVENTI ON

[0003] Tine-of-flight (TOF) nmass spectronetry has

under e
R e e

utility for determning the nolecular masses of |arge -
bi onol ecul es. Since nmass anal ysis by TOF mass 20
spectronetry does not require tine-dependent changi ng
MAOROEE REFERENCE TO REBLATRD ARPAIEAdTANysi s can be
performsd inarelatively small tinme wi ndow for a w de
rajpee1] of nessiespplidaiods aldtbnhhﬁatﬁinl’ﬂﬂIEStpa‘tmt applicaiiGiNo.
mass spectroneter coggélses at | east

CoRHbTRIs SThAPEIIS S0 whiah lAiEw BF PRb: OB Do visional
an 't%cg ?@ﬁc%ﬁgﬂ 'Sen!ier M@O&Q? 408384 %eﬁféﬂbyﬁ?@ Q@b@ 2 Sdiiclosure
- 2P% source, es fromthe sanpl’e are
C opfAgtiitie th ihcorpotatdd Heeein by sefereacaln iys dngirethi gh- ener gy
bonbardnent. Each ion is characterized by its
mass-to-charge ratio, or nmz. Therefore, froma

le t | ecul es of different nmasses,
thnﬁ%ogomﬁmig} s a plur aI ity of ion species,
each species V|n a .5 cha stic 0005
Foll08% ng i odi on FSO‘H§heO h dé’ﬁ% hﬁ%’fc‘é F‘%}ysm

ar &nd relates partlcularly to apparatus and methods for detectmg analytes with
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improved resolution and sensitivity by time-of-flight mass spectrometry.

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
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raction inparts an approximately consta
kinetic energy to each of the ions. Consequently,
each ion acquires a final vergéity after 10
acceleration that is inversely proportional to the

sqiheian soune, pbldchies fasthe sAaplened dhvitrted loG/dldile iof8 Sisually by
me a _higher velocity than heavier ions. [0006] _
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to tra%/%;sﬁe 5 this distance, known as the
t i WEESFTFYE B (TOF), nay be used to calcul ate the

ne@e0sjof t herdiRAving hoiAAtisn, T8RS the Bﬁét@é?l%#% o% t he
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kni@@b6las masBuringfred-Aighghond AXABErehimpsasiche@ie as a
however, i t%tjﬁ .diijj%i cult to achieve these optimal 25

ci PUSTRVERGrd dhels dibigrent yelpcibigs sABpeisaviervng be fregdlight aegion,
stge ' : ' [ - Lstributiaon

o AE RSty AL ERREP ot hr, TRPe Bl B 8 tifyerse
d ihtbxsrdmandeohlcrmyasﬁth'e Simedlfd']igllﬂ: (ilfﬂjR)m@ﬁB@ﬁiaﬁQ@ ﬁ:ﬂﬁiﬂﬂt@ the mass
t ions quri.ng their .initi ormati on, such as,

di ‘ffrté? e i% 5 g’taﬂlé?rr 2 Pﬂ*éﬂ%ﬁg%trm‘a%")é% may be Gepyeried into a mass
S pspletttlm op &l drighitd sarBplel | Mes of formation. As a

result, parcels of identical ions disperse in 30 the

f r@80F) i ght loagheving epcty teesamermass and kinetic emagy traverse the

{1 REEG: Weldh & YR gl etcal o B ithse enbisgocorded
t hisy the darr detgtor dnsingiesdchbiall s @EnFl%SFIbFJ fdran %het iBfs R, In

20015/ PEID P Be0 GHIeTR PR 1 T2 SerUnERGSpsE v as is the

Ly gt SR LA Sl S B85 s

silgbdlaiobut non-i dentical nmasses as a result of
[0008] In practice; however, 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 arrive 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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mass spectroneters. 5 [0009] Various techniq
known generally as ion focusing, have been descrlbed
that attenpt to offset this maSs-independent

‘di spersion of ions during free-flight. Sone of these

f gpetsiufigistone MwhidRSn aScHﬁﬁte astebhRbR6f HoAkURAREs isROSkalt, as
source focusing, and dynam c pul se focusing,
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ar, de to_,travel npro tionally | onger paths.
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RS KRy i, quniRaTe Bin pleie feld dging

eli@Cidcelerfi0at Qtler nﬁtﬁ&&rmﬂu%ﬁh%ofsoémgpéﬁroﬁg 48 Brovide ion
palrs of electrostatic plates wth ecti ng

elfeeusingdyralieriag thedlighiaaitelengthl such thatthigher hx%eerg%l EIIIB mtecmade to
th | ect
Py TALESORE BT s b A i«

fcfcmmggom&wlﬁmtdmm&gngeons of different energies
foI |ow different paths within the electric sector. 20
Wéll ener gynothss don Hrpsng techrigueyses guved dp@@dﬁnwﬂeldsa

C% nse q ue %l%m\'[ E&&E Kjegr qg%e o 53!%% ST 33@5"@ ¢ af-) gpd

t 3 8&35%86{?8&911&11!1‘&3@1‘)%&0‘1’113@ ioe fdcnsing bsthnighes han@eEle@rie k&Yors.
ite to and hence offsets

dth '
A7 o Bl BB pk ElecPossdie mlen vath acisdectng

| ientric figleehekdbetiden. N6 fer tNY LBAPRERHY drtLe ﬁeﬂected by the
distribution of the ion flight path between t

eledeetniq Geld 5 Edlowor cuavietl patle tiferein beforgtutiting gIonrfpcusmg occurs

f T t

BRI S el TS B i e b scton
f UigherenefpydousefoRow 2 16ngk S6viel @dthi Mﬂ?@fcﬁﬂﬁ%@ J}el&ﬁé} than
ot her references (T. Sakurai, et al tics

T| Pr%fercsnemy igny (enssquspilys the feher energy iohs Mgiire miaze t:me o

pp273 S éé&? 1%%‘53 W#‘Sth%%ﬁfﬁ%g%& Tt 2! %&gthﬁg}ﬁ,opposﬁe to

Ti amd -hehcerd fsgistthdisperSipe ahd tm&bﬁhass resglutioh in th@ Hfiear free-flight

RG0S amuBRe S22, SLACSI b e

S %%t@f‘ﬁﬂ@t’hla YreBShigiRGLding 180D fchQiﬁg eI YeiShOr G Wl spectrum
w1th a higher mass resolution and sensitivity.
[0011] A further enhancement is described in Poschenrieder and other
references (T. Sakurai, et 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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WD 2004/ 030008 PCT/ US2003/ 027974 -4 path. This
arranﬁ)emsnt also allows for nultiple free-fight

0% hat may precede and fol | ow each of {HEUS2003/027974
el ectric sectors. Furthernore, the multiple electric
sectors may be arranged in a”"conpact, symetric
arrangenent that provides for inproved energy and
Sgﬁﬁ! Fhisf RGHSEFGht aiED BUGHETR Ghulfigle FeR- i Shitre fibhd thef may
advantage 5 Since the total lIength of the ron flight |
patehedemandtfellow rachi afdle slpeth¢ Aecdors p Jughegymore iﬂgﬁfﬁlﬂm@%ﬂlﬁmc

smal | er di_nensions, therehy conservi

VPRI O SRR A TP Ot SRR T srne S B BrotRiS For
ackypil 8@ eerSf afil PefidlifecusRigt e compd€¥nales & a further advantage
spectrorretr?/ have been denonstrated, their use rerraiqr}s
cn e

| ishice the tofablengthod therign fligh pathanan bemeonganed wishingspace;
. f . b I, . t H q 1 . .
oSt BB ohlhe YherBy FOBENL yAEMPhpabt Githin the

f iappatigoperti es and physical paraneters. Small

deviations in these parameters can pr.ofound|y @Ef ect

i 180328 f ocuMitheysh egstam 3qvaBtag ectid $CHs & 5@k IKS

arg. difdd " ' i E td &veral
Rl SR S kBl 0 )
C aligadeintagest Feseeptheaorefoensing sbibijienefirani¢atad sastaaaee highly

o e eRienge, ARt oS G TR A SRR g Py ] Berameters
d gsr%?m@éﬁaﬁoas B QMdedRrARIAE akn ?ro@&ﬂ;dﬁ@eﬁﬂ&ﬂ sts {6 focusing

p ormng TOF mass spectronetry with ion focusing
el abilitidsc Hepes, elestricoedtons aoe/diffictiietorpansiryce g} ipstial an order to

and/or the sensiti.vi f mass spectra, 20 [

" oo Ui eRi, FORBTRRe apiaPhe  otehis Rl agpeter
Pedy EFHaBR al Thedns HRESthEH e6dshatRbd yndiinkialthtiuh i @b skagdingly
el ectric sectors such that the ion focusing

préfaquiti es of the electric sectors are easily

ad@ﬂ?ﬁ]abl e A?c%&(ﬁgyly?ﬁ LW RS e 'id’grl‘ogglech phifs Tl mTBRAs for
spectToneter to I nprove mass resol ution or

s epafdrining JOF 2sSkidvibbtdettFwithifon Focabifiy Ncir@GesprsThemprove
present invention solves fhese and other needs by

pr BgineAshEpsalutipp ARd/ef the FISHYV IS LOSP R FBet er with one
g{ gﬁﬁﬁfc el eciihid fsSE&HIBIE 1o Hovi 2R B mdth&is for performing

ctr sectors is associat ed with one or nore ion
opTDFahassIspentwoteiry ith iop focusimgictesiriesestasnsushpas the lon
S Ih cggiggp?ép(g%ets Ig?{lle%iecg-?ct slgcttolf]searg L apdﬁ'usttﬁ?e, ?ﬁgréb%;all%(mng

tuning of the TOF mass spectrometer to improve mass resolution or sensitivity.

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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eleCtric sector with which it is associat
ion optical elenent conprises at |least one trim
el ectrode, wherein the potenti;al of the trimWD
2004/ 030008 PCT/ US2003/ 027974 -5 electrode is
?éiédﬁ%ﬁ@? Stindeadit NEiRHBoree e thifd de@tieinifde indepehdently
i ndepen ent]I y adjustable with respect to others of

t4dgustablerwitabbspecitp pthereafitho adiystablg trmeelestrades ang the electric

sect Th f . Xoll '

ROt FEbl B URLAR bl B RloR WG
n@gkdeyo R dbRnwitio Glifihng npdifyehé ionsfoalsingwopdriest afithe Sectric
sectors without requiring . the nore difficult

negtanvEhoutzequisnetiemere GfSepk meghanpal adustmeat o wedificgtion
S r e V, 16] I n another enbodi nent of
t??@%?%%%%t@t%eﬁ%%%a ]TOF mass  spect r omet er

f [0016er conpi ielser@mblodingnt dbfthefpredercinventionpcTOFsndsa a
symetric _arrangenent. lh;iﬁ artf ?n ement of electri.c
sEReFBPmeWR fIrther SOMRRSS GRSIPHY P L& FH C BB BTa PR

S Y tetr. f i gﬁﬁggeh{em $NQERRY RGN iaehads AYHrsianal

i on focusi ng ities in a conpact space. At |east .
obarssbondinglylsyoimette Sipbt patk, therehy powviding ddditiensl iaprfecesing

nor.e .ion optical ele s.. Each.i o tical ele :
CMBHFS B L e bal e BB TG LY B Do e
ebeebr RER: idf offsd leldRilts2 ¥R o Si¥tca] elbmemitoinpeikes at least one
aspect, nethods are provided that allow tuning of a

To”eparsiently sdivpieblermmesiectrode as Aescpbedaifive nvention to

[ e the mass,resQl ut | RN fo 1
ri@{}ﬁri ng mas & %%%rc% %{#I’ %qgo? Ty i’gaﬁgédpﬂé%tf%lp rre%&gg ofa TOF
agiads tpargotddter o jeltsety iavdrtion teiptove desmads resofution or
nore of the ion optical elenepts present _therei

t KERsEBtRidhe JASRGnE mess Becac b8P ATIRT SperpRed byfadjysting the
PP PBRCHAPRELEites of DR iGN RRTRACA St preses,
behersiadtherebyunetiifying thhémm focusing bmperted of tidjeass spaotrgmeter.
until a desjred nmass, spectr [ chi eved. [0018]. The

R rserving Skt it of T AduSfitef Vi fi g @b may
SRRGLEPIRHAle AFARPHINS eRBrdd adjhdtaBhts Ratilh d8RBEmass spectrum
defining a flight path for ions and having an ion
ennpemeeedand an -ion exit, an ion source including

SOPR Pr o FROTRER BRPAHRRIAR: p B SRl A R doiber

MeRSHrisiig iof Might path means defining a flight path for jons and having an ion

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 eniry and an outlet; and at least one ion optical
element associated with at least one electric sector, wherein each 10n optical
element modifies the potential experienced by an ion entering or exiting an electric

sector.
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pat h neans conprises at |east one field free region;
at least one electric sectorf- each electric sector
having an entry and an outlet; and at | east one ion

optical 30 ele t ' i : ical
PG oo ot SR ORI SEphRed in Sk, (86 fon cpics
na&h&,@lt?ﬁa}t &ﬁ,nmlte enBiadel eup end/enaéehsg%%eia/dé%sgaéaégm elepigode
or exiting an electric sector. "
P abbaRy oches e RIS ST DA ioB ARGHP AR PURg 20
t he .br trd 'fg}n'n{ ' hCdikposEll BERREN tHRYentry
c%ﬁ%tﬁf’?é%;nnl@irh\r@gfa‘b ens glﬁ%tlhsoar} Igatg}lbéégsgosone adj IllJSt atl)lltr_g

t Ehdheloatiétraide: elédmd seathiru Styadaily, tbe i elsctrpdes may comprise a

D Raic 1 &P Pt oL P S DSPS B FiA D S e fepdes s
2?%5%{:&&8%91 Qe &E Ehtf}h?rl Tﬁrgdthét &f A¥leduhiesdwirl Ghehirtofieim

rrc sector. Typica the trimelectrodes

y \'4
celeptrodes nzey healisposed o thhtiha ignsypass besueansthe fwe Fr%gﬁctrodesv

el ect rodes, .wherein each [ ' i S
2850 ot a3 prradh PrERAmRE, fefhost SoR-GlER: HRROmRse o
elaghlity & f SRErR sectdREpRAIriblY folrldlsttriedeents, sdescima ficliefree
di'sposéd so that the ions pass between_ the two Lri m

elregivn expezates qaoiD Llogirip §eder: t BYmCcalyp I FSTIC SeERE IR’ s

S t r.onet rd rakl i

S oRner Tl TAlp Rl T Rl Frdon @l RhpRidprc o
f i il it esiod gorenhsfpaciatieis seetohare] after thiedast etaotic, sector.
Typi cal ly, each electric sector has gg def

| ecti
a?lfsﬂéllof abdBcenain cambglimeants, #RasH RS %WPgﬁ’gltpg?%e%y

€9 %dti%ﬁ c@mgf-ige%l a '1\f.1faﬁ§f SRR RRidE, Svilehéin g &justable trim
d aft

el'ectric seCtor an er the |ast electric sector

[ 0f&trbde nomprisesiarfirstrind seopmdinair of adiistableE slevieades. egeh pair

th resen S.dnvention conprds i :

el §£qsp S é&%%rﬂge 10%87,sgi%ﬁtv¥%§ dé%j? ustal %H{e I? F}e?:n%o&gs of the pair,
el ghteRdge GRBhl $efsctidtbd Withahelerkpcsfitbe glactric géctor closest to the
adjustable trimel ectrodes, each pair . dispose '

such
t heon entrendeciighepies Sligt paeandthe seapd BURI 854t with the outle

el ectrodes. of L, erel fq; iris
s She SERicterh PRBRLl g MiroR & d'on dipRodlE)
cl el to theceriapnemtidiments, the idrheutcermdy inghude praeth
and the second pair is associated wth th? ut l. et

20. .
of deseeptiondenizaionyaeans, Chepiead dQnifaliop Reanty, Fleiop mhpat jgrzation
i on L1 9RbeoRE Mriok ﬁ:%gxgs:,l lo{ Blebieb oy ioRZRAsH MBAHsS The én source

i on Source may I nc aser o
may also include means for selectively providing 1ons of one or more masses or

range of masses, or fragments thereof, such as a quadrupole ion trap or a linear ion
trap.
[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
jon 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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oni zati on nmeans, or electrospray ioniza
nmeans. The ion source may al§o i ncl ude neans for
sel ectively providing ions of ‘0ne or nore masses or 25
range of nmasses, or fragnents thereof, such as a

queitt eiel en bRy dibwlet 8f 4 Sledfic k&for stbiRihat 1A 2R %Iplagb
ce tain enbodi ments, the neans for accelerating

the apggurec ghpatagsmboganenighe pussweappntistmay
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ﬁﬁﬁﬁm' ally perpendicular to the direction of the
b [ 00248 cpiaiB gmbadineais, Hi m@srw%mvwﬁ@nrfagher comprises a
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havi ng an apert rzo u

as%kmﬁ%ﬂxmkﬁﬁkgﬂﬁ4b&ﬁﬂﬁnﬁmﬁﬁa&b$39Qﬁﬁ@ﬂaﬂéﬂhgoﬂ%mmdghn

elth an en or an qutlet of an electric sector
%ﬁ‘t"t‘% 0 035 S AV PGPSR E S liladnal

al’[OOT(ﬁf enb%efﬂiék‘ém 1hb&1t{&5a§s§;ﬁ8ﬁhé af'ﬁfe@fod'f&y gta time-of-

conpri se an encl osure encl osi ng feast one el e
s efélgbtrmasmﬁecgﬁme& ulle mephod mlm‘.es providizesd maSHpectrometer of

qur o.functio asaHerzo
£ 055 bitsfin SNBh o 9B B el B eBufith ol leheiigmor ons
f wttatfizst senimp) tléteﬁmﬁmgﬁtﬁél bdsBlutiod oF SRR 0@ HEt%E‘anOof ions at a
adjust the trim el ectrodes wherein the adj ustnent

adieeRdIsTtRE B deteamining Whsthen rdselution pesaneiviy oﬁyletacuon of
oC 138%L2
oo B pldRE Of d e U0 heodie ek ig? TRE S Bljvioh R sy of
Then ﬁctestlmt at lthevfﬁ'slt dettingaik S6tefrnined 8¢ 3pp’lyﬂigtaﬁ%ﬂerftﬁl to at least one
%vf light _rmass spectroneter. The
rmat%h‘bggabi“o %U?dﬁr PnimgR Srshmass pserm ghions frost theton
PrR&AR! ardd Bé@éi‘ﬁlirﬁﬁ% r@@lhﬁﬁﬂ‘o?ééiﬂxtfvﬁ? of ﬁec'tgéfﬁgn' ? ?lEet flirﬁtgr’nass

sensitivity of detection of 1ons ~at a
d eSPEPTFHIR ﬁge Ieh@lun@sorl wensitivitp at the nedond wétting efaydetdeeimiied by

et d.det whet h
7 e e RyenELERLRGR o B o8 wutotele B ledids abtaming o
' rﬂ&bma@rspm&ﬁﬁﬁdnﬁfminﬂﬁe $ACRAEbeS Bld dRGmidile resohutlon or

resol utlon or sensitivity of 15 ion detection at

f | SBHLYIEY of driechion Femcthaispremdipass spacyung a potential to

O s Sp LR & e SRR N ORG it Bl et o
detheseriond sgtmgasshzd niethod nery fafthed dompirisy detbrrfigtoht 8olution or
f rs%rrgl{'m%y otl éetection ois lons at a third setting and determining whether resolution
or sensitivity of detection of ions is improved or degraded at the third setting. The
resolution or sensitivity of the ion detection at tile third setting 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
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applied to at | east one adjustable trimelectro

obtai ning a 20 second nass spgctrum of ions fromthe

ion source, and determ ning T®30lution or sensitivity

of detection fromthe second mass spectrum [0027] If

t betting s titsteid berdetd@imansyi ddjstihy tepHgial gﬂﬂﬁ%@ td £ 1BRt one
degraded at the second setting, the method may

f aRPEble clspliam wbreHan therfgmetns theadngimienrpfghe second setting,

S bbd VI ' of dons at_a third.setti.n

2 oad e S RHnPBr b B Pison oy et AFerpthe
ofresdbittien bi emmsiifvitly of deiestidnnperavieethid Hagipsiadnat t he

third setting. The resolution or sensitivity of the

ion detection at the third setting may be determ ned
bpragi HSCRIPTIONO! SHE BRaRLGRd (o at least one
adjustable trimelectrode in a irection opposite to

t HRO28dIj ust ndie abdvet dnd csler ohjbcsetntliadgantadts 3t tHefesdnt invention

t%ﬁ?} mass__.spectr ur of.ior%fr the ion_source, and
ool PrRrReptTREr peasitionipLshe tallounns detpledtssiotion taken in
debsjahdtidon v@i@ﬂetab&)xﬁﬁﬁn&ﬁg@ﬁn%ﬁ’ﬁgw}ﬂéﬂ Lk 'Eﬁgteg%; refdto like

resolution or the sensitivity I's determ ne

i PpolEeueheut, enbingwhiolid setting, the resol ution or

sensitivity tection.of ions at.the third WO, :
2004/ 030008 F@%ﬂ%@%&?@%@wmﬁée?&“ﬁf Wipd ¢ embpdispent of
bé¢hadmtentinventidsy adj usting the potential applied to at

| east one %g'éust able electrode in a direction the

same as t he'8dj 2t3AeRemaic Yipw of @p sirgtriceteciongpening of the

0 bk k . f.ion fromt i 0

core infloh it PRI CARIGH e B BPmel 80 Pine e
ddtavangion fromthe third mass spectrum 5 BRIEF

DESCRI PTI ON THE W NGS [ 00291 The above and ot her
obj ects andTRdvhltE35BEmaHC ORETOSseetinnal vewmtiagetheny | |
bemdp@ideatbf the Presenava@bal i on of the follow ng

detail ed description taken in conjunction with the
acconpanyi nglgrgw aRghematic viewadf ahicleetridscae bpering of the

t ' . th haut ...and in which: FIG 1 i
bR Sy PO o B b e
ofdrawihg apd itk dimemyventiawed FI G 2 is a schematic view

of an electrjc sector _openi n% of the
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-7H are portions of an exemplary mass spectrum of a

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

4

present invention;

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

tryptic digest of bovine serum albumin using an apparatﬁs 1n accordance with the

present invention;
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enbodi nrent of the present invention; FIG 4 is a
schematic view of an el ectrié-sector openi ng of the
present invention with the reference ion flight path

normal to t f‘lg‘b. Rliane eﬁgm(%gﬁ m#AQ sPEAWSF @Réhovbritidotropic

di mensi ons el ed; Fl S5A and 5B are a schematic
t hermohe ssing @n kppavatius i weordanceawith thepressainvemiont ad

view, respectively, qf a | ectric sector openi of
the presentl H@e‘%?isgjr?f“aglc .°f8i€:568§°%%awév aarngﬁr%r
PehbbARR P{)ftﬁ@p@é&ﬂﬂi\éﬁﬂoﬂmss spectrum 25 of 19G
(1 rmunogflo ulth G obtained using an apparatus in

accordance with the present invention; FIGS. 7A-7H

a [ ctrumof a
gL e BsCRa R B R A TRORT [sThg an
apRahdons I N accordance with the present invention,

30 FTGS. 8A and 8B are _portions_of an exenpl ar S
sHeQ30t um of As used hpgeingthg it@wtseb@r%w%@@&qwﬁﬁmwe the

o RRRg BRRRA (S b duRE e TR 3P Bsg R P
| SneaBin@©cemphaily uihastosdigci pemsomikiAett imrthe antd foculiichohis

hor none usi ng an apparatus in accordance with the
prAREEHeN PRGBS i on; and FIG 10 is a schematic top

Cr[%ﬁasept | OR@] sott@WrGkrs 32 LBRbon N BO G HRRE stictrbSter that is
present invention. 5 DETAILED DESCRI PTI ON THE

| NWERBIE €O gePehiing tridonsrafti@soplureityigignn&pel nsample lon

ST 5 G Y RS i B 1 g

t efiifhet S efin@xekn have the
[0032] "Ton flight path" refers to the path taken by the ions within the mass
spectrometer apparatus between the "ion entrance" and the "“ion exit". Ion flight
paths may be exemplified by the path followed by a reference ion, such as those
indicated by reference numbers 50, 52, and 54 in FIGS. 1 and 10 and reference
number 60 in FIG. 3.
{0033} "Jon flight path means" refers to the components of the mass
spectrometer apparatus that define the ion 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.
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11 "1on
ource” refers to a conponent of the nass spegg?‘)gﬁéqoé/lozmm

that is suitable for generat :@g and extracting a
plurality of ions froma sanpfe. lon sources are
i ndi cated by reference nunber 110 in FIGS. 1 and 10

anliieideffeerregions arkSndicarbdby 2eferehét duntbers1 20 QRB2Ls 8BS 1 and
refers to the path taken by the 1ons

fljgh h"
Wi Jt(ﬁ"rn:ﬁl ]fy%t@f% nugoers: 2292 % 22 4324r andi2 JatRiGed. t he

t Towt nl it". | i ght th

AN o tiedttisdctiy re @R (6% cbmpon @l o o Hlics sPaBmeter

i cappamtushihatsiefihassecuryedlieicton fygsidnes fRRe BT ST electric
er

52, and 54.in Fléss 1 and 10 and reference 20 nunb
6C°CF'QT FYTRPTiSSS typ defgcting slechpdestivithan elostag fisld thefebreiween that

t hgcé et &nedt i e ar.at us
that de ine t hg g‘?tolﬁﬁkfsldizgﬁltﬁt pat %hg fog%%]t‘al {Sué—ﬁ%)&)%aatﬁhyﬁﬁ%‘ﬂgr
haageclergtion.oRlegtricrsaetots am dlwssiraied in theidr awmgd, dXBYby reference

c ' fi -free region, at |east one
e%ﬂfﬁgﬁl@é%%@%{)a@e’&?&% st one ion optical elenent.
eopdjary i oMo bptial eld t | 10

E)(;[n'pr i]se fr ee(-)f |Ilb ght ?rgleiﬁggrfgfegggga§ﬁgﬁf§éﬁglt%ec@?‘%c

s ePEHFormeler, apaprtusshistint froml the blectein sectaBGhatrisl cdrfigurcthe

[ A . 1s of . the .enbadi t depicted in
Fcodik) 8ol MR piiths 1 e Bk pah 3 hetpie fon
2 2pficalomeindi & inekeridtion VHECADHISRS Sect@Dhe rﬂécﬂﬁcéﬂb% of the
550'?ﬁggist.he igon optical elenents associated wth the

el BO% JIppL5Hon theiong @ Hie 1ows @iter, exibor passitbrough dfeclectric

U QyeétoR MRn Apti bR 'efenti o\tl\%‘%sj dmteidoogrl A V%:r%?ts Lli]{,xﬁﬁte%ellgg agd 167

which the ions are a otrav
arffilGh. tanddi0emd biyaafershbe 20440 266Q8d PEThEBROO Y, R 7944B.

- . n . ! i . f
S AT RoBr e Dot b s rmespypeciometer
I elppiratig ehad i uehSle 3’310detgc%%g igi?s?aﬁeg g)ﬁtmg Bel iof %hn%tﬁ lplg She

3. [0035] "Electric sector™ refers to conpo
t HieterHem oS he arPang:ias is uisg4e detasninb dte titré-ofdiseln of theves.

d L0 ' f the.ion fligh ath. The electric
5 Tk Bl o, 6l 800ectors Rl iy et pivmber 1 FAGS. 1 and
el ®cndiby réfesdnde hin@belEgONRENGE hat is configured to

d B t ions,such that the ions follow a curved path
b)el ul ar Trim electrode" refers to one or more components of an ion optical

element that are configured to modify the potential experienced by ions on the ion
flight path. The present invention includes trim electrodes that are adjustable.
Nustrative trim electrodes are indicated 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°.
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conmponent of the mass 10 spegtroneter appar at us
distinct fromthe electric sectors that is configured
to nodify the potential experienced by ions in the

ia@“o{ | i ght ngj B‘ﬁp Wé?éis {EcdRponeRPd e lortdotraRNhatiiSsuitable for

ation wth an electric sector, the nodification
ofraiptieg iope feantet & thegon spEesERIiazio their exgastions IoR&rapyHHse

gnt ﬁ’etgl&ﬁegs éﬁgﬁ@gggf se&e@{@é’i? Igratﬁ gﬁd §{‘0§JEAC{)IOSS 0 %?ete (%g:[éork on

£ $r 208 BNEhadyd, of Fraghefrts @eredfaiion ﬂr@ps&ndy bylude quadrupole
re erence nunbers 266 and 267 of FIGS. 3, 5A and 5B.

[ 3837ps ahdtineketieerans’ refers to a conponent of the

ectr j i
”E?ﬁaang [ SRR sBRPRRAL P bolfborele BB Ei Phase
Sﬁﬁ&t&bm&&rfﬁgéﬁtﬁs Alitabl fogliindties the terseémhl electtit fasids ofem
e | "e-0

ht of the ions. For jllustrati ,.iotljl
detestricoestonr A Hqﬁn&,\wwhwnraeﬁ@ﬂré rﬁ%éf 1oW; ﬁB%“Pg?L%%ﬂF jpn thight
s PR gefiibep fytaPE Hak ok S AU by RlErch e cfbers
CQrrpene N’ birfFIGH lammm)md h;an‘eferemcermlmbetM’lO ande275 in FIGS. 3,
conflgured to di t.he pot ent er.i enced
orvh e T PR EpoTes iAo e gmber 57 aha
Sl‘gj?%sreTs dcbiv el est F@ 99 Addfuneich BH s AdHub!s.

I I ustratl e trimelectrodes are indicated by
r gbeddnce nuUeeblensis 268mpang GSan omwtigakrlarmen fent

SIS A I s B Bepst

deeBOfetibPNight patADI ecul ar |ons Fragnment s rmy be

f d d ft f..th

[ i0Aé4] Bre'ﬂ” SPIROB s t”o'rfé & § dibpeaisgersysaimil o
by_th

ot e ferdeps (BRAEL SpfySBRY S novatu W alhied iges

t heigrhtefab eczttioowfmmgteemnfedujmsel ect ric sector in FIGS. 1

SToiD, 3, LT oL 1R, ) Do A o

279ver\ﬁg 1?(9&%@?9 %@%@E&T %&%g%ﬁbﬁw the mﬁlﬁmﬁrﬁ @hblint of

rap ers to a component of the ion source
th@dmplerapm‘edihi detéadra sigmahppi ng |ons formed in the ion

S Ol[JJO%%] pri or "Agcutrgc%fl" Tefers tg %{:et ;Izb ty of Qatit AR RS spectrometer to
provide a mass value 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
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or fragnents thereof. lon traps may i P Upg03/027974
quadrupole 5 ion traps and |jhear ion traps. [0042]
"Herzog shunt” refers to a'btﬂbonent or structure in a
mass spectroneter apparatus suitable for limting the

HRS BhBhssBlgQRidubE ah EREES sedtoR Mn tRs§Rirkf; t1686h GicusiAg
Fbrzog shu§ as an aperture to allom1passa e of tqﬁ
e,

i lnmptfrtlﬁsghf the pbpmctsh@pﬁtam ysgndependeatly and xﬁé ﬂaé?dz

1‘7’#‘?"3 I%{lg%tl.‘: g’fr@éﬁ%bl (C:I}Eag’S S#Ler é%glgﬂ E’Ej AL é%ﬁﬂ

2diecthiP s&dtér2 theimselved) ABd rEsBlt fﬁbeme ppties slementd df the present
apertures indicated by ref erence number 370 an
3Mseg e, sigrifpaslyi iperaye thyperfognanee of 3 §OF grst ﬁ%ﬁa@etef

ngp%ggusg} s ol Qsdfgt]useE' nzel lens" is a conponent of
I"on op

1 Ca ement t hat conprl ses one or nore
efoday] odes mfarﬁbg ® FIGr 1f appasitusgl Gohevnipdsesad TOF mass

distribution of _15 i09 on the.ion.flight path.
[ SRFSHPeieE FbRFOrdsHte Witk AlePTessmt myentin, RQT & 2 top oross-
dis&hbRAUHER. 'Tﬂ@%rogg s&hibh s%k%o@h ﬁlﬁ%ﬁéﬁﬁ@d b@@ﬁath

as separate signals and/or the w of a nmeasur
mag of asefgrmbe s teevebng hersthrough. dhpraratun &0 eaxsprises Posprce

dﬁ%{;" MY ’éﬁ 1 ef é& a%gliij 8"60%’? seﬁ%)lr;lgO ggrtl sﬁtéca?agments 166

SRRELEY fHerEJ?g%ﬂﬁByS £r0taB 175 indGod Bereblon 80. Daxiad ypicall
sanple requited to detect a signal. [004@& Accurac
an

r epenation of thedl QI iabg Speeiforaeter iqnsrase sencraiedsand accelerated in ion

" 30Grb 0 hen st LS BT SN fugth sBElsBT7) Qﬁ"éh“m
B e
s €9teR b BiC P RELIYE PRFEARHRB TG GHGERGCIRRI deflecing
W etl&'u%dgs L g ﬁpfeg}%écﬂ%ly J AB9idR U irrders) elédigc fpgct ral

range of a nass spectrum are usually not detectabl e.
Detherebgitvicemthaf d¢fieetsRhebesintd avamiedgpats OI't{eogmsat}len gxit via outlet

R

adélé&ﬁ&xﬁm@ ?Jsb MRrBh &L dpeRHRS) 76Rff@ﬁhﬂel 7 laﬁgéhiatdmz’ﬂee flight region

degrees of freedom for nodi Gél ng the el ectrical

potXsn it desgetadi aerrcevil Woor GlBcBg @08 Flight path 50 is the path of a

P%/feyg'lgc%qgr/l Ozhl?e ﬂight paths 52 and 54 are schematic representations of the

paths taken by ions leaving ion source 110 with angles which are slightly larger or
smaller than the angle of the reference 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] Ion 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
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adjustable, wthout requiring the difficult

mechani cal nodification or atjustnment of the electric

sectors thenselves. As a result, the ion optica

% %smﬁmpile%nay%mamwmme&@w&mnfa Rk short time.
e t e performance” of mass spectrometer

amsanmlu@edemd any ef t&rem%nﬁsordilefbgés lafayouig] thﬂeﬂt &nprodpoig a

par.at u ri.ses,a. TOE ma

B PLiABE Rt RACE P aE AL AR 1 aEr ST aRB RE of RehavEs 251 the

S[RRveldpradheud witlas 8 telsedly omall vulug. andveithin a relatwely short

Cross- sectlon I s taken through a plane defined by

f tingh ﬁotp%ﬂuhcelﬂ Ogpay,mchide afeaps AT dPPStR &\fORTiREpuUs or pulsed

SRS POy GBS Ao, s

| gia dwaintedpedmnmarlﬁﬁuapnd 167, Herzog shunts 170
and 171, and ion detector 18Q0. During t

pi cal
o,msal i on ofor sRurcraH O epdBEIHEHBERRS, tﬁ traploy @ pulsed laser

t a o
R A T R At v

ofvoRime) br iﬁulﬁé’cﬂeleamorbm bmxm imperactarg With mges ectoliddedface. In

160 and 161 of ion optl cal nment 16 and.en
e PREFY Eampls: 47m 5EPe 414 elapsa?ﬁ%?%%neramge? Pulsgof ions

| g s Le] a ]Sﬁﬁ feep! (%:Ec‘jrftﬁqgﬁ’s ba‘bedPadsed over a narrow slit, in

respectivelty,” provi a deflecting electric field
t vérictbe brisfpulseraftionta prodneed hiethieaors nassiog éhrewh/téel slit when
n_ex

D3 ion b eem rhadps AT AET com il 1 Sy sbTeN, By SRRy RS to

ORfst 68leledBogireyRIRizalibr, 1ad@ﬂ&é‘so§"ﬂﬁdﬁﬂgﬂlzatﬁlﬁf t ED@“)J.I?lﬁu'ﬁcf-assisted
shunt 171, separate in free-fli region 125, and
arléseaé@semt@dlhewzamqn VMATL"), syr eft-eréztaafe dlggsr Fl i ght

a E%rgggﬁ/ i ﬁ%ﬂ?ﬁﬁ g’tﬁﬂjlh)a sutfSl SRl & ﬂegpdes}‘i%kxloﬁ g@EI@IB‘) fast

re schématic representati
padtbra boaibardnbent,i surfacd-emaneed photolstiler atmclirhéntvand eleasg) mased

whi ch lightly |ar; | h h
OB RE o BATE [P 195, TOBSOoE LGt ) JEctaR IFHF
flib Eﬁﬁ??@ﬁlﬁ]ﬁdcﬁvggfcgwgd ¥ladth EHARRAN Riiatisl OathQhenc pressure

whi ¢ pat I's a representative exanple.
Fl czhghnchamhzm:mbymrthgwl pauce wmizationend Chealikeahi ch i on

sour 110, Lh .communication w.th free-f ht L€ Lon._ ..

128088, oo oF BRG0P Ot e dtyah e Slecively

Ooﬁﬁo@*ﬁlﬁ&iﬁh@h@ ot cYne drl m&@tme@%s rbr5£hg‘e§l bt frakses (‘dil"fﬁ 6 th@sfrom.

exit 42, whi ch the ions exit Tlight ath 5 upon

ar Suqbanems nnayrbe accomplished by combining a TOF mass spectrometer of the
present invention in tandem fashion with a plurality 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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i ncluding any of the neans or nethods known in the art
for producing a WO 2004/ 030048~ PCT/ US2003/ 027974 - 13
plurality of ions within a relatively small vol une and
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means to formions in conti nuous or pul sed _nanner.
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pse]t hat  eITRduRy seta@ U556 eBmbtis@rinner At ftcinpichgtroit hSZaand
solid surface, a pul sed focused | aser ionizing a gas
wi qugrideSeciing|clectrade L35 JRferrimg 1o Fien % @iy o entE onsinEcS6 of
bei?m L0 ge%{o?qg{) Atk Nodn 983 tl%r 18ﬁ ‘r?}l!la%/tg g%rlg gﬁﬁ'oxﬁﬁhtely normal

I'on’ sour ce means for
getafthéipllaﬁtgoiah@ﬁgﬁe @fs shows, the hht:irmsecstoraﬁlr&pn ctingprises top and

=1 o Histsuis Blaten 100 rf T rabeB ey da s ot capogyment.
t Ngoth ABFedRR %16:@190&‘:@ LRI lintihEa] Skdtion¥ s ouEéE‘ @ldcRBdd ERMhaving

passes t%er@over lon source 110 may enplo but is
no4 largeviradias than bSenslectoie 1626 étlneuspwdy, the plegestais, plates may

| aser. desor tlonllo zation rioX-

| RO BB O S Zat e ovRtges SRriohd ARlet bifhative
S UE:E@&cﬁm%ﬂdQ R JlREBEtatiSIfMsRA Walbhithsliaddtof @l inner and outer
("SELDI "), surface-enhance neat desorption ( ]gl g
faskatesar@vbﬁiemydh%we @Grhfeaé%cf&’{ﬁréﬁ@é@eﬁ%@&f o, such as

gtetgz dalasggtfc{ng afﬁ&?%lo?é& sﬂgts?aagﬁat%é(?é@ﬁd db areltmwes

n-1oniza ectron | nmpact

20 eleam&atwm aré B@hﬂgﬁzrededo)funhmmbﬁﬂnqoﬂoas tmvemhg mlectric sector
i oni zation, atnospheric prqu;sure chem %? i.oni.zati on,

hy p&? by efew—am%a%@m&mwt B PP % BLPTRET thadecTp BT
Fuﬁéﬁmfr%asm (ﬁf‘ﬁﬁﬁnﬂ%%d"ﬁbﬂd@f% diagidiseidreans for

selec InNg 1 ons of one or nore nmasses or

r af@sy] of na&emng)agaﬁn wgfientls entWeJrI@fzag) phunt &7 Andreaties

e acco I she. ini n
éﬁ?%}%{’%m&far‘? %% gtgb §%‘WF Vﬁ Ve %P nétfer%e TG &Esgr 150
f aSI"HeéH‘HWzB@ sttinB a#€ lebtidded thAMave/FRémiald thed arél bpjftoximately the
same as the average potential within the electric sector. The purpose of the Herzog

shunts, as is known 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
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{0060} Tn embodiments in which a pair of trim electrodes (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 tha.n the width of the

Herzog shunt aperture associated therewith.



Her zog shunt 171 are di sposed at the respective

WOZZBem n@s of electric sector 150. These Herzop% shunt s

10

15

20

25

30

04/03p T/US2003/027974
approximately the sane as the average potentia

within the electric sector.” Htre purpose of the Herzog

25 shunts, as is known in the art, is to termnate the

ﬁb@&ﬂ]f ic f iISh-tggQéal tReetls@F kihd freSed® biVentiGScoM@HsirSrim

possible to | openi ngs, thereby approachi ng an ideal

chidcttredes provide elnikans Farmadrifying the patentishexpgrensed by swghin the

apertures 175 and 176 of .the [ 20 hunt.

358 Pt B8 ad AyElops S0LpetorerB GGl Ll ol
t fr8deRE QLA REvilb @ MRS fR PESVidingnd agjtistablelpdtenkiel; tRorc
sector. It is preferred that the shape of Herzog shunt
agremply, by pesitionisg inoptiral demerts A6 80d he! Wi RSPt t e

el ectric.sect.or ' it R whi .
uESiies pERESE seRE A1 th RidhebEl doMrkhe Bhfher iustrated,
edRh leptit kBl dfeoithe potehitaltek peltentbdlbpaeionyds iitneditdrs af
sections, a preferred s_hag,e of the_Herzo

: shunt WO ,
200%/boT0TcCtF Usteerirtiog 9?®ustmg1@eaa@P§%h°2m lon optical

: . ) _ . . .
BBl PO HARP B JRerkal o o oy (PRI, Mhese
padjhstmiend mdyetic penformpéwithow agfustingithermyergialiok Héraogshunts
S e e
gg@g%t%r%%ggn%ﬁeh&%&h 4d9EntPdJuS B begh £08RB theliBR opfcal properties

€l ectric sector 150, being dispose
abf eattriy segemi Ogvittsmt reguiringaditegt adjosimspisite ie eddcatpieetor

L5 e 0005 Bl R RS S OB L

aRgiok6l; simlarly, elenment 167 conprises trim

el ectrodes 162 and 163. Both airs of trimelectrodes
all9Q821 1 | i ghtTheaemonsisal dJerpends of &m@%ﬁfm RECTRION 1Ay ‘%erqsﬁﬁ? to
1 \ ' . . . _
o SHE QAo bnd8 oPHECIRE Bl 150 widhu RffcRi el s
S eirr ddrecptivyl Eropéreitsan ddedthi@tedtars lof e priva arttimee-of-flight mass
separation Qf the jinner and outey _.el ect.rqdes of.th

c I FBEAPR Vs B 8P AU St DBt R DRI ERY PR eFifFaLy the
ggigkéﬁam @bﬁéﬁ%@a bl S @REARE B eghtinEasH]) ¢KanBin@ RO dtaitRI of

an el ectric pdotential that may be independentl
adithert detflecting ¢lbctrade 62 or { & changesthsfion hpticaliprgpertips ef the

trimelectrodes, 15 well as.mith. re G .
QPP R STout: PRTC ok AL ot i BERE 68 ot cither antry
adjpeainghlse orbﬁdléﬂo@hﬁﬁ%ﬂ@ﬂ?%@yﬁdéﬁ?caﬁy, A\diihg 06fcting
degree of freedomw th which to adjust the. 10on . )
f cﬁ%@ﬁoﬁigs bYoqreliSti veanld havs acsi grificany edfest omtigp ion focusing properties

and the energy range that the electric sector is configured to select. Adjusting ion

Bt r odes that have potentials that are

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,
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el QEREd Sleidt Qfﬁﬁaﬁf dppRSite deflection may be applied at the exit using a
second ion optical element. Although this particular adjustment results in no

change in the net deflection over the electric sector, the path taken by the ions
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
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hayenl Behet QRtaBR! drfz@berRERP N ddifshal trim electrodes in an ion optical
element configured in the foregoing manner not only provide additional degrees of

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 exifing 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.
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mechani cal design of the electric sectors. The second
advantage results fromthe - e of conbinations of ion
optical properties that are not available with
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[0071] In the preferred embodiment, the thicknesses of the trim electrodes
of a given ion optical element are less than the spacing separating 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.
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l®)

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., "Ton 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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|n the scope of the invention. 5 [007
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b&[%%tﬁ fhand s P IORSEUIcE ddd, SéPaTQt@dtaﬂ@ fceque«zct arlong ﬂ1ght
ﬁﬂh‘UO and 88 $ingity hét@éjced H?Jﬂqﬁ'n@ tat}M 1S SGORY gﬁ

such vari ations rime da-gectet ry
pICQMPU&eSaOIImw o0 amrbnblnfe;utrvg tuikis jdefivgtdt byathe four electric

e Y, h ath, as the_ions
o SRS TR0 st R o) A v b e egione (d2ed s Ba,
V2R 6\ and(228), seeg}eare Brrb.th’g%d% QE6WA ahd ¥R WhicH Qddhdnikdles with
the preferred enbodi nent, the thicknesses of the trim

s agiehbs. 10235 eBF‘f Hight path 60oA2 b@tﬂnﬁ’aﬂceemewemtmg ionlsesrce

t t | trod
| 230 shb EnSRAF ROOIRAPRIAN 28, | chufinleiShE 8 g nan o
v aid jed ekit 6mbytehtesng idrndbiteneert 2 8vesm drediflight regige 234 | e

in e scope_of the present 1nvention.
EI o oI5 there e oRedigient pLerpraRe00, e denghstjhe

: b@rebﬂﬁélﬁ% %Qnst Re AefidA 4y m&@rst«*%glgﬁéetﬁ% al??'eaﬁcggyf b §8lues for

an ron through the | optic
g w@mhea:re {ibted in Eé)lsseb anchB i h}thsmmfmgi ahbdédiment; thw lengths of

e TR P DR Rkl R B deth. woein s

t xRk 30 Bk D2 't num.b BRIEALORa the RABIOY LAkt o iEn
sanme as_that of the associated Herzog
224 is substantially two times the length of ﬁ'ee-ﬂ1ght 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
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spirit of the present invention. [00721 Electro
t he present invention, incl g%’:zg_g t he deflecting
el ectrodes, trim el ectrodes, rzog shunts and Matsuda

es o

-plates are made from5 materials known in the art. In

g@RAQmiy besmotiiet drommtierdefiult 1bngths fedcbRICibo0d Aspenditlsthn the
include nmetal s, netal alloys, conposites, polyners,

i GRPRL 108 sPYrse andor ioB Jsteriar Hendsn th anprsatey es t her eof

u ich &; i.ed . |
SRouai! O, ZintOUEAHE ooFRt 256 R bR LB 252
matié ofiten defiesting elatwoda 4. Antrycupeningt2isGef the eilectric seé:tor is
sem conduct.i angd/ qr, orly conducgtive, El ectrodes
n§§ﬁ°81a£eg‘ ‘B@h ﬁ%@ﬁﬁg\éﬁﬂﬂ Q g‘?Ylﬂé GPEHYTR ?7 imgmaaly, tiserog shunt
bees “ﬁiﬁﬁég@ﬁm’@‘ 278 8RR fhetbl RRALLEIdr Y outlet epening 258.

sem - conductive, or poorly conductive materia
ad0879 ns, wiAlsmagsociated mathl enkry. 256[aB0 BBet/RS 8ches iomi dpeidal

a e, .J opty.cal el nts and.tri.m el ect rodes. of the
Rt 288 AR e ety L o] i PRFR Do AqPrises trim

| Rlepedeatl 01 268CimdIsiE{libSionTptbaldfemtit 0B7 tE&BPRS: Hif
their material conposition, configuration,
arctesHdsserte and R8P e In this pAri@Hay ambndimpntheleetsip sedtors 350, 450,
el ' - I Q C. .
ASES P5h SomBilons <A1 cfiah of ;1501 4. T pgpep witlnotbe
c didoirssat iseparaiélyi on optical elenents and trim

el rodes ing different or simlar characteristics
0L o1 e SE0WA & FiHAmANC aing oE TSpEes ormAcEic sl
h b Py : 4
WPERS S et PRCEARGaR oSl DUSI ol BREGA o e
T@kaneed the 28ure pEbisritgmed definef thehdimpneiomySs, the\spadd Bowdeh the

NS L)1 by OB SRR S TP

debiteezl 0y Wy cthe e f it Malshd OpthteR 2BY 2828 ARRAKRHTEht of the
200 is a TOF nmass spectroneter conprising four

i Flsetticsactas detleqting elgstpdes 525md zéso?znd‘ﬁ"g ,th?mc'm@(b,etween the
A ey ; |
SRS E B35 o AR ek SRl gl ey 52

sé&Sdors are preceded 25 and followed by a free-flight
reqjon, na 220, 222, 224, 226, and 228. This
sﬁﬁh@‘ﬁr ic alneéa‘h éﬁg*bﬁwﬁta tof cropeseshiaral Migv gbeledtrig seater entry
f roeg-th kicahic a8t 95 RiiQul - {985 o

i ncl udi ng bost ﬁtgf g%ti’ %ﬁ%ﬁgﬁg}%a%%@gfé%%sﬁ%g@dggta
deleflestingkledtrodSidr Fhe Matsudh platésl showih FOG. 4£are omitted for

Ti.pe- - Fli gh r.s W . .
_ ILHEstr(the pI otsesl.\/%go §gpe1§ttecli &nﬁsewgw\{a\{'g fg)n optical element 266

(including trim electrodes 260 and 261) and Herzog shunt 270 (including Herzog
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 (T), the trim electrode to
deflecting electrode space (TEg), Herzog shunt thickness (Hr), Herzog shunt
spacing to trim electrode (HTs), Herzog shunt opening height (Hy) and Herzog
shunt opening width (Hy,).
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arrangenent al so provi des the advantage of allow ng a
relatively long flight path360 to be conpactly
contained wthin a space of significantly smaller

di nensi ons, thereby allow ng the overall size of the
Ife882] spect rRiGe 5B shows WDIREPddisY edomdTiswsano Jiag2oaury

76 9 Berg seer 130, SaRRGROS ARpRoh RRER el Wi are

Flisaea%n q‘%f)lenleé}xdby(SQ@EéloﬁE CAOWithFIEH BAQ¥410E foF thepediadnsions
opl anar with ose of the other sectors

vatne r:cmsadmdme:puamtatg/etorﬁ all fous elqammigysactors depieiad in FIG. 3. All

t er ebet ween, 007 ther conprises
CLRM R §’1V(?n HICP %gz%‘? e%@@‘cg'%gt h of which
a{loas:i]u nct i qﬁalakﬂéu@émbczmﬁaas tthe icrnaopmr asmemdnrag include an

features in apparatus 100 i]lustrated in FIG

LEmeeam@s Péalé imeyn i theart; @ Bweelgeas mnsssmulhpies@“%ﬁr’&s
PR R Fs BB EAL pd B SPIRs RLFRALS BRedd\SF orin

and essen sane functions as

e&dﬂiﬁmattbnm ahe ddGstalds elecihnid:s abready. deseniized, 10
reference wil| Ign ypbe made .to the el enents

el0084) i ¢ sefHP PHAMA © FP&PT&%?&EWF%% hilo ‘%‘ﬁ%ﬂmflﬂgd
f gl SN r[igg% mﬂe%mmehme fort i H@ing pRGUrith ¢SIMION

sectors. During typi cal operation of apparatus
20.0OsBop QézﬁiddaherbllsdﬂalsS?drOé U§ér)eamitthm & progotype constructed

extracted fromi on source s rat d focu
STCg B e EGRaR A it Pl PR the
apfibed, at ion detector 280. Fli ght path 60 15

conprises ion entrance 70 and ion exit 72, and is
d€G08fkd by {The addition ef @érfwr@ms@eqtmds}s topmpelectrpsectso.

S Ppviedhpis ?orysg%@l)oxa Sl OPliokrBGl HYFeckifOfor Affng the

ar é arr ge as shown and’
e@&fbpii‘cawyh-bp&ne@amaﬁh ofithe slestridseciars Théd mptnecessary oneven

 Grblr B anodshDE MRIoB APt st ALl v BT 6R HRedss, In the
ex'%ﬁggﬂggbpﬂéc)éss Tofréd tf01f $rhADErHR R tHeOneBayib A a'h@ﬂment of

y enteri ion etector 280 fromfree fl
r dlye seoto2 8o tl[xdﬁeadj]lsttncntsraeemte:feederded enbodi nent of

tus 2 ths of the esfliaht ons
BRI 1 et D7 moltheFmetsehrte by He iy SEghe
Vi fi&endedst th¥pbiehtiAs 6n theShiRd ahd od@P s elecBBdbsds adl;ﬁsf‘abl&
preferred enbodi nent, the lengths of free-flight

r empteomrters e therfuning Of tespetiomeien | Hieispme poteatiakds praligd o all

mo?tl?e' gutgrhtln%l 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 o 2.00
Deflection Angle 270 degrees -




25 length is two tines "D2." It is also preferred that

wotfbﬁw fhgth of free-flight region 224 is Sw?}ﬁ"@%ﬁ“’%m‘

10

15

I'mes the length of free-flight regions
228, wherein the | engt hs oleree flight regions 220
and 228 are defined by "Dl. However, it woul d be
understood by one skilled in the art that these
deflaul t lengths may be further adjusted anfd/ orpodeled
modified to alter t@hgapREdOr mance or ot her | deghv&Rion30
characteristics of the apparatus. For exan'pl Emﬁ ent .
l e gﬁlnb of —free=ftTght—Tegrons 226—and—229 Py g e are
ass«a;a—t—ed—r—es—pee—t—n—ve—l—y—wr’ﬁh t+he—+-oR—Sseurce O—and
i on tector- WO 2004/ 030008 PCTTUS2003/ 0?7032‘2 -22
28( SSmay be nmndified fraomthe default |eng A6
dedWibed above depending on the actual i 0f.2§ource
and/Hy ion detector used in the apparatus. [{10Q78]
Finn®y el ectric sector 250 conprises I nner defflpecting
el et ®ectade TRIGRMAYFE) J€T T €Cting el ectr 0gggZo54.

Entm@g u&r_@{pe et ectTT T Sector |:>0:22
PNt

P e Y P A VRS MM 5 Sl

asu_&iﬁm ctric sector at outl (9L16nm=n| ng

25g Herzemshynt MMSbnt ry 256 0ddd outl et
256 Hareog snnbepening height @imnt s 266 and 267, | 0.40

res og/shuyt openimgopidtlc@w)el ement 266 conpnigsx®s trim
el qbh d@deésicrfion 3agtbl, and simlarly ion dpbloedlvolts
e! TR HDdn SRR o, Dt P EIRGECT T 00°S 204 730 UgifDS”

| n P8 P&i}ife‘drf&'Se‘Ef&’ﬁﬁePEi&otro& eCtTT TS et -y j‘ts"

ol npnt.o. ad
MR T T P T SRR SN )30 Sl
sepmayonMQQW@u@e&hn\m a schemati g 3&9#&}%0 of
entBetential ow Ofex Trim Blegwedes 250 of FI G 3.34(yeHs { hat
a reference ion flight path is approxinmately normal to

alBTE ons - ae Seut Serralil hienaln v & Fobas  if Bettopgpany
elcembirat enfind fehiidao mﬁ@ﬁ pRALERG Iﬁb&ﬁhﬁﬁ‘é&lﬁ% for 10

of electric sector 250; the width of the Mt suda

pilcYt ieBs methisneetions geometry. hEhm@ngmoféhe mhdel s satried out by

S P S 80520 0 0T e

LJ

"t laberedtiomt coiefficentd for théeidmof-ﬂ@lt eBe@hm@ﬁle aeﬁsﬁorﬁriﬂ x (dDthe

25?aéqe @ggl?ql% g'lg&t @?t%e%rg%l\psdlculzttrqtg tl?er ;?ast’go t%g tréfgrrégclze 1\(/)In)ez\{vnd 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 Xq, o, Yo, Bo, 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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Mat suda plates shown in FIG 4 are omtted for
illTustrative purposes. Alsosglepicted in this view are
ion optical element 266 25 (including trimelectrodes

260 and 261) and Herzog shunt 270 (including Herzo gh
dmﬁbe@pe"r&algml Daag in Samr@lfé alj "lem pbﬂssF orvEimgeQf-FBght Mass

t d
bty Vit ltels SR e SR 0 pr .
bp27B-281 @35ﬂd&1¢ﬁm¢1¥§1ess (TT) the trim el ectrode
spacing (Ts), the trimelectrode to deflecting

el ectrode space (TEs), Herzog shunt thickness (HT),
Her zog shunt 30 spacing t-paff] r@ el ectrode (HTs),
Her zog shunt - op 9';11” . %L@Ab @ngfﬁo% 409 shunt

) o 7 el ’)f\f\’)lm_l QO7A
{ daraihis o corr&,‘ﬁﬁﬂaﬁfﬁ oded
i sih&peificient; o\ entry 256 to gl pdi ctor 250
wi the various di me®80%hs | abel ed. MA09Ss for which are
lisLed in Table [10.800D0 3 (see bel ov.0008&s with FI G 5A
va[ggs for these| doogmsi ons are (c@ogider ed
re Lgaent ari Ve Of 1§ b4 TOUT €I ECTT| §i5®Et 0T S depi Ct ed

Al_l l

in —AH—5Td ST ONMS ™ are g T 1T T TTCITES,
_@ r\f har \l\‘ Se- Tg Zg y'vi

un —HdHeated—10083 —v-a+-eus
enmhbsi nent s, t he lség optical elem Q may include an
Ei higl lens. As {4.78nown in the at067an Einzel |ens
compri ses mul tipleé.o8l ectrodes copbl§ured to focus the
ior’I:beam e Eingel Tens may be iseg instead of, or
In ,Lx;j“w nmatTon "'Oldﬁn tie dU] UsSt d_pﬁo&b ectTodes

al cacy dGSCi’i bC’ {3084] AT LGOOIIJIJG.I atus Ul tILIl:‘
pr & fht | nvention @S first mpdele Usi-hAg SIM-ON 7’ a

comdmecial ly availl%8%e jon optic i r‘ﬁgl ing program
(SIMON 7, P.O Box 2726, ldaho Falls, |ID 83403,
UBBY] and t Wdiileaomme of titeygberratiors¢oetiicients of hetaadeladhe

PSP dign of (o aresest RoientioR areraialga sortes bl % of
tgﬁk& Uheltho Wit e&%ﬁ@%g%arb&t%nﬁbﬁﬁéﬂ focthéﬁéz{kohdth, L, and

provi és up to our Fonal adjustnments, or degrees

oL § eedamiticdrdly sindlier) ¢rithithe resan ﬂmnthecmderam speetrérhetst of
each of the electrlc sectors. i s not necessar

e‘v@ﬁlu’f@@éﬁ thetimedeiad omhadimers qfﬁ}ée PISHFTHBIVEREOT 5 lﬁlgéovgﬂ over
Ofpalt P52 5ted GOME GRioLdre f  €€dOM I n the

[0090] For example, with xo = yo = 0.0002 meters and oo = o = 0.00349

radians and & = 0.001, the predicted resolution Iising 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 Xo, Vo, Olo, Po, and 8. Furthermore, with the present invention, the
propérties 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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nodel , it is not necessary to correct for small errors
n the nechanical alignnent of 20 the sectors

|
WQ HOYBY ust nents are not needed. [0086] Thusi,’cf/ﬁﬁzoos/ozmm

nmodel i ng purposes, we used y the sum and the
di fference of the potential’s™on the inner and outer
trimel ectrodes as adjustable paraneters in the

tad§1kt8@ 1:86r dd3SrpHBe tniutioh EMATINE nsclli®ishal ek hvdrages
applied to all of the outer trimelectrodes and yet,

aﬁ@_@@lﬁ@rlﬁb\g@cw engrey audithat the @versge pmownt of Hieis pxFrepnepy is
t Lt qd . .
OB B 8RBt otk "FES BaBRde gt Bieelt G3AR s

t dpipsoxabicBY dhe dvtrohRalt pet MO0 dxdtoas. bTkuss thedeisfofrigl from
and inc] udi ng i ndi vidual trim el ectrodesx)iggay each

lrﬂaxg@ rapteme cambavesyer £D pb et Rriraensreys ABRESI e ViR el ed
At i-an. . D j . al .
VBBl o el T thic SP et T RO of Aight mass
oot b, v
4/ ( 974, -24 deled P

| deasianghof Q0 ermatsHPr 1878° DFOtEERS, éf tg/g Yaue oulg Beonty 0002
0 . [ hi
pofs Pt peptidh Hich naclts WEIG 9660 BURnI NACKAGERIELT),
t speBacineter Atcaeding thethBiaventicEBps thnloptical properties which may be

changed by changing the potentials applied to the various elements, including the

trim electrodes. Thus, this invention makes it possible to tune the spectrometer for
best performance with larger 8 which gives best resolution 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 fof 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



Her zog shunt thickness (HT) 0.16 Herzog shunt spacing

Wotz%oﬂ—shb'ﬂsE' ectrode (HTs) 0.14 Herzog shunt o

10

15

DER]
herght H) 0.40 Herzog shunt opening w dth (}_gg‘_i‘/g%ogyozmu
lon Accel eration Voltage 10,6800 volts Potential on

El ectric Sector Quter Electrode 1739 volts Potenti al
on Electric Sector Inner Electrode -1971 volts _
Potential on Matsuda Plates 183 volts Potential on
Inner Trim El ectr daam8d volts Potentijal OPhysidaer
Trijm El ectrodes 343 volts [0087] The set| @misydmadhat A0

pot EELRb Sebloy RAdiE 1abl € 1 1S [he Dbest ogogmny
c oMb TR O A gaTd—dur g rrpfwu 1Ty yvm LLI ﬁﬁife%g ce

maxi resottt ron—for—i0—kV-—+ons—+n—th ? %
geC ry_ The tUFH_ng of—the—+rodel -was ca |1 dout h\/ 5 -
m n zing the sumof the absolute nmagni ‘hégg of al |

of t¥e first and second order _aberrationO-8befficients
for{Wae tinme-of-flight. Because the devi g.BOns in x
(in,Hee plane of the ion flight path, pptpgendicul ar
to t8g path of the reference ion) and thgg.1g

cor MR PERLREE AT bR eds @ § not synmetrical ghgr This
des 5] E]é"tr&téf"bﬂa‘a% Ltrfb)ﬁ oT lllEb_e uevi d 'ggrb WeT E

al sSe—6 anal Sr e

50 hIEm.Electtads to Septon Elechrpde H“' % Ecﬁrh 0210
devi ﬂemgéﬁmth%?@eﬁm )Dn, and S qud f of ORAe
opt i Hezzeg shantgpaeing 1o Trsm ElectrodedBilabs, 0] 9.2dm 0. 2
degr SleszogashuntOorebinghieighh (Higave an opti mi z8d0r esol uti or
of . pWeEzoRGhObopshing valdth (Blly)aberrati on t el oB0are

i nclgdeActdlerhlién Valtagd ation. [0088] The 1 egabb sokd

t hes® rRLRTOPEILRR Selfor Diter Eledmoae POl €Nl RSB v@lsS 10
gIOISlt) i -hflo“nlg ,ELCfSeWOHH c'Elq‘&&S&édl‘,‘ oT ('Uﬂ; 1'3%1t§nts
Mas 9 P@ fEua ul awﬁg‘ﬁth}aEeis. aJ. !‘vhss S“vcc,l‘lt :vlc Fid 'Vo}t.sl‘ EFJ’:"HGC
66, | Potennal oolmen TamyEleoteades,, o1 |\ qop 1055 valts of
t he | Hiotentia} omPutes dirim Elestodesar e as V\D 200476 y0lt9)8
PCT/ US2003/ 027974 .-25 descri bed i n "Sakurai |" and

i kur ai "1 0 tics.For - X - F .

USRSyl SO Piso 6 1B T e

SRAS bdrtfucte@th M¥c8fdanbSwith the dimensions provided in Table 3 and is
schematically depicted in FIGS. 3, 4, 5A and 5B. Other attributes of this

embodiment, uniess specified otherwise hereinbelow or in Table 3, are

+ hao
CTIc
h

Hn
® P

¢t

(I

L~

substantially similar to those described above with respect to the theoretical
embodiment described above. o
[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 poteﬁtials 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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pp273-287 (1985) ("Sakurai U'). 5 TABLE 2. Conpari son _
tion Coefficients Aberration Sakura
ﬁ{gﬁ nventi on Coefficient Enbodi nent i’ﬁjl"léléa(l93loz7974
0. 0005 L. 0.0000 0O.0003 L? 0. 0000 0. 0000 L I X
137.94 115.00 LXa 18.75 3 % LIS5.66 2.00 L. 1.79
0.67 Las 1.08 0.26 Las 0.73 2.90 0.00 0.0000 LYO

ex@fiplaryQfily, land ﬁh:e&ﬁt theadft to b6 WA }inyWithGesiRbEI0qhe fdafires,
(Rerratl on, coeffjcients of the nodel ed embodi ment of
# & Wik usehOiihe PERSCRHARVEINAN er and some are |arger
than those of 10 Sakurai, the two which nmake the

| argest contribution to t he peak wi dth, Laa, and Las,
are si gni fi cant | BXAMIPLEL; Special Riveer@sG) t t hat the

iﬂs‘@r %gtrorreter resol t&l@on of .t he nodel e a
| ment 16¢ SRR ERAET PhSAISSER IRERpREv eVl
tdeﬁﬁed ﬁﬁﬁ[s; &r b lhr%@ﬁ:eefrhl%g'& r?eEQQ%Qﬂ% o cmmham of the

neters and ao = 00349 15
MS aprstrumcing Tefess, to G spettzometer)s ahtikty to dstabmndaneamerag

o B o0 i 8 ol el s gty outice
1Re Se0tralfrMgetanCusiailg hoedet st @ ind Bitice d6 noY &ipedPodBe mass

for the nodel ed enbodi nent of the present invention.
[spesmim. THesrpforsd B spasirometes taatipsevidrs femars sppctrure with a large

TRENHASR RIS IEE, S a4 SO0 5% 190 i of

nore e pr esen I nve
t1bﬂs than one with a smaller spectral range.

[0097) To demonstrate the spectral range of the present 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 Biosystems™) 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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EXAMPLE 3: Mass Accuracy
[0100] Toidetermine 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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[0093] An exenplary electric 3i)ector time-of -fli ght

mass spectronmeter of the present invention ("Physical

Enbodi nent A" or equivalently, "Enbodinent 30 A') was

constructed with the par aneters provided in Table 3.

ot ent| al s of Enbodi ment. A WO

T SJ O
%&6&%%@ g M ’-XEIFG mﬁ@lf@pfﬂﬂﬁym cal
Enbodi nrent A El[€T s; FTH 0] n T
Angl e 270 degregs hﬁb 1§ ; %e Eﬁ’ @;‘;/I D. gﬂ::a'.ns
Hs1.68 SM 0. 18 mEI edta Trl%hé R-¢hain o | s-chain
Tu oo eetrode \_pgprps‘ Ts) 0O 33 Trim Electrode Q
Ma&hmmd 1@33#38”1 6. 1721 21¢619hg| 3493644 | 5807.653
tMYﬂi@&M%W\ 0. 183406+ b i3 6 HAn | 24 46,49 34931560 5806.877
ElSR(ppsde Ts) 0.|B0.3 Her zodg.5hunt [@6eni ng heg.ght ( HBEN.0
.Bdhge Gepmapg shunkie@oeni 3w dt h [®evy 0. 3077 9N 1553
ACA . Bra(ppin) Vol tage 20, D{)7Vol TS 1gRpTent I3 ¢0nm 733 7
Ilfrﬁe&ﬁﬁ) r1QgpgT ETEff50de 3$42¢ vOrts o hotentTals
0?{6} Avy, (usedlos | [As 84T | 58 519 044 4647 ["83.5101 | 105.9537
TSF SO ppm) | 186 1160 1131 13.2 28.9
EXAMPLE 4: Mass Resolution
[0101] To demonstrate the mass resolution of the present invention, the

mass of adrenocorticotropic hormone ("ACTH") was measured using the
Embodiment A apparatus. The resulting mass spectrum is shown in FIG. 9, and
the mass and resolution of each labeled peak in the mass spectrum is listed below
in Table 7.

TABLE 7: Measured masses and resolutions of ACTH Spectrum

Peak Mass Resolution

1 4540.28 10394.6
2 4541.33 10306

3 454231 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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h do not a e t he, mass 10 spectrum
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time-of-flight mass spectrometer, as depicted schematically in FIG. 10in 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 pfesent 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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del ayed extraction | aser desorption ionization and t he
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[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.
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Spectr of . Pept M xt ure asur e ts) Arg8- .
S0 iy RS PR e iy PR, SRR eyl y psing am
P-agparhths 88 it BSmpriNes §& ddntrol system as described above. The

control system may be configured to, for example, compare the propertieé of the

mass spectra determined at different settings and/or adjust the trim electrode
settings accordingly. The control system may comprise a computer, electronics,
software programs, algorithms, and the like. Predetermined optimized settings, as
described above, may be stored in the apparatus and used by the software program
to quickly and accurately set the frim electrodes to the appropriate settings.

[0112] All patents, patent publications, and other published references
mentioned herein are hereby incorporated by reference in their entireties as if each
had been individually and specifically incorporated by reference herein. By their
citation of various references 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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EXAMPLE 4: Mass Resol ution 5 [0101] To
dé @P%@dt%mﬁﬁ@gﬂ@ Buibeir fehseope of equvdensnt
i nvention, the mass of adrenocorticotropic hornone
("ACTH') was neasured using the Enbodinment A
apparatus. The resulting nass spectrumis shown in
FIG 9, and the mass and resol ution of each | abel ed
peak in the nass spectrumis listed below in Table 7.
10 TABLE 7: Measured nasses and resol utions 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 experinents
and their results are only exanples and illustrations
of the uses, paraneters, and advantages of the 15
present invention. These experinents and results are
therefore not neant to be limting with respect to
the type or scope of the features, advantages and uses
of the present invention. O her uses, applications
and advantages of the present invention will be
apparent to those skilled in the art upon revi ew of
t he
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[01031 It is understood that the apparatuses described LLOYDWISE

herein are only exanples of the nany alternative
enbodi ments contenpl ated by the present invention.

For exanpl e, although these Qﬂpodinents illustrate ion
optical elenents disposed at” every entry and outl et

of all electric sectors, this configuration 5 is not a
requi renent. For exanple, in a TOF nass spectroneter
conprising nore than one electric sector, it may be
Wit isdBlhgnddassi t uate ion optical elenents only at the

entry of the first electric sector and only at the
outlet of the final electric sector, wth no ion
optical elenments between contiguous electric sectors.

Q her ysi m lA?]t‘ime %?@WéH?%dsQEb%cﬁBﬁe@ﬁ%&;Ynﬁ@g‘ce' vabl e.
leeMAse the present invention contenp ates 10

alternatlve enb
si ze, rel atel Ve g% Elﬁ%ilheaﬁls #ﬂn‘f Pg;})lgg%gtrfétnflégs of thzeng anon
ion optical  elenents and tr|n1electrodes are different
EREAACE ARG AR 19N SIOMIISRE n FIGS. 1, 2, 3, 4, 5A 5B

and 10. [0104] Furthernore, it is not required that

al| of the el ecty pideassenofieldifreegegivny nass

spectronmeter be identical in geonmetry, size, ion

focusing, or ot fhigrat lehSt preapetrid sestor,Sianl blacﬂrly se¢tpiehaving an entry
present invention is not limted to any particul ar

ahd aNe8M®Mnd symetric or otherw se, of the multiple
electric sectors and free- flight regions. [0105] It

is al so under st c?l?ﬂ af B2 0RO R nptieAIdidadny a%lébila{ed\mm & least one
recognlze t hat Her zog sh 6hts or Matsuda pl at es,

Sl S AT TR B AR Py e oo

pl ates could be incorporated i artial or f

ok SiccRLo e eReirgoetpr rocded Biorubaid dfipris fifidst one trim
time-of-flight mass spectroneter, as depicted

sidegnde hebimbgifien tirimatentiol ¢xperencep by @p sakeniering iexfting the
view. Wth respect to FIG 10, apparatus 300 conpri ses
enelisitcer ad6tiatedaberewitlyr porat es the functionalities

of Herzog shunts and/or Matsuda plates. 25 Enclosure

370 furt hery)conBhiss@se aRRIdINY BeahéFordideldrbbing Aglulsalol s from
entry and exit, respectively, of the ion flight path.

Ee 10% B0de B %he 1%?139951{5% ?he"% ﬂ‘fﬁﬂt ght'ﬂ hdgs; scope of

esent |nven ion an pparent to one of

or di nar y Skl) an 1'03 detréctor in communication with the ion exit of the ion flight

path means; and

d) means for recording a time-of flight spectrum of the detected 1ons.

2. The mass spectrometer of claim 1 wherein the ion flight path means

comprises an Einzel lens.
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[0106] A TOF nmass spectroneter of the present

i nvention may also conprise electronic and/or
conputational means for contrglling and adjusting the
trimel ectrodes. For exanple,”a control system such as
a conputer nmay be WD 2004/ 030008 PgT/U82903/027%74
-32 cénfi ghihemasospeeiFormeier ofrfimg) wheremal [enst 9 ST trim
one or nore of the trim electrodes. Such a control
slystt@ws i ssadjasabidd, eviefeimthel adustable taintlelgetradstadigtabhemodifies the
adjustable trimelectrodes with a high degree of
?&t@h‘t‘ié}%yp@&ﬂccﬂf Bchsioarntefing or edtihg ah chysicanttomy

urther conprise a software programconfigured to
control the 5 adjustable trimelectrodes. For exanpl e,
the software may be progranmed to confer potentials
to each of -t he adj ' ' : :
ar r andorend 2o STt SEERORE; SEHEHE) RRLAPRE o ast ope adjustable rim
anal ytical applicatjop. 1071 ] n_anot her t .of.
o OGRS 2 DAIBO I BAHE (D el B B0raa T Bhigag pes
for tuning a TOF mass spectroneter in order to inprove
betevermths atijustablroirim tlesiresies ebHgipairvi ty of the nass
spectrum The TOF mass spectroneter includes one or

nore ion focusing electric sectors, at |east one of
which is associated with at | east one ion optica

el enent . EqGR R0 spirbmeler 6f €p@NS wheipthiese easttonk @dfifstable trim
one adjustable el ectrode. Suitable TOF nass

%%%&§5eo%ﬁ{s?%é9glr lggﬁﬁgﬁki}qglgj BREbIAEm QElrREE A& pair disposed

ed't scribed 15 herei nabove.

01081 I.n one enbodi gent et hod c [ - - o
SORE Hieripgps privaen vl fFL P FRg DL Rl wherein a par s
spectronet er of tHe aﬁes nt in%ertion, fromwhich a
fispesed argach ey andepghowiet ebsreh £GG S P det er mi ned. A
potential may be applied to at |east one trim
el ectrode prior to determning the first mass
spectrum 20 [01091 Following the first mass

det er g, nat iThe,mdsk epqeabmeter af cleim atcompasing dme eldctriqsectors, each
el ectrode of the apparatus is adjusted. A second nass

SSRGS 4810k Bavifis RASHLEIN laMgld OF @hdt 2€0 defre@wiBietha field free
cor respondl ng second nmass resol ution or sensi ti vi ty

g§gg§g§% Q%S%ﬁhg%cggqpagﬁng the relative inprovenent
7. The mass spectrometer of claim 3 comprising a plurality of electric
sectors, wherein the at least one adjustable trim electrode comprises a first and second
pair of adjustable trim electrodes, each pair disposed so that the ions pass between the
adjustable trim electrodes of the pair, wherein the first pair is disposed at the entry of
the electric sector closest to the entrance of the ion flight path and the second pair is

disposed at the outlet of the electric sector closest to the exit of the ion flight path.
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first and second nass spectra, the 25 inprovenent or LLOYD WISE
degradation may be correlated with the intervening
adjustnment nmade to the ion optical elenments. If, for
exanpl e, the second spectrunpypennnstrates a hi gher

mass resolution or sensitivity relative to the first
spectrum further inprovenent may be pursued by
determining a third mass spectrum after further
adjustnment _of the trimelectrode in the sane )

di r ec8i on. The messaipagirgmetguofadginist easnprising foneclopipe seeters, each
direction may be required if the second spectrumis
clecminstatart ledirtgm defledieqr agdaofmbiont 2 Hsqegedes t whdrbia af figld free
spectrumas a result of the intervening adjustnent.

MO 20RA4ARBO RS flelidRRRR3/ 027974 -33 [01101 Furt her
tuning may be perfornmed in this iterative manner until

a desired or sufficient mass resol ution or

sensitivity is achieved. The tuning nethod of the

present inyention be used to attain e gdesired.

Pecol o i on! BimesysPeatsiet Qiany ong Pt paR LA abSRiaiBF inp souree
and anal ytjcal _applications. For exanple, the trimb5
Brhdes e desarptiondonizaion pi8aRs onet er may be tuned to
optim ze the nass spectroneter for determ ning a nmass
spectrum for a peptide sanple. Simlarly, the nass
spectronmeter may instead be tuned for the optima

det er pb.nat TeeOmads pedsiBeterSerel lon8oOElamnPr-8! FhétemaAPich source
One skilled in the art woul d understand that tuning

inR1dBE neREA 85ni PR e RSl QDR npt Rt R n%hé,:@btoionizaﬁon
settings for any suitable 10 subStrate. Furthernore,

optimal ;tuning setii.ngs for a given substrate type nmay

Egms erteleelrcyrrrlOS er%y E)élfzgpgﬁgqﬁ Sr'Jy t he manuf act urer and/ or
the operator. These settings nmy be available in the
docunent ati on or pre-progranmed for the apparatus.

[01111 This tuning nethod, as well as. adjustnents of
the t#h-m elBemagumsctiometgiepfanyone ghlaises b8r wheradheinnesource
qui ckly, precisely, and/or accurately by using an 15
appaeameaanst foaseléativelyeroadmgnomsed onber st madses yistaegesay
descri bed above. The control system may be confi gured
inasse§.or exanpl e, conpare the properties of the nass
spectra determ ned at different settings and/or adjust
the trimelectrode settings accordingly. The. contro
system nmay conprise a conputer, electronics, software
g;??:nﬂznéd giéf?{%lra%sg sgrergtg%nqagr &h a%y Iolrllé f clglrmesdle-%,e I;NIHCIUC%Q the ion source

comprises a quadrupole ion trap.

13.  The mass spectrometer of claim 11 wherein the means for selectively

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



20 descri bed above, may be stored in the apparatus and
used by the software program to quickly and LLOYD WISE
accurately set the trimelectrodes to the appropriate
settings. [0112] Al patents, patent publications, and
ot her published references tioned herein are

hereby incorporated by referéence in their entireties

as if_ each_ had been individually and specifically

i ncor Hor at EbE BYST PELFARY Al \B@erflﬁéher 10Be50RRCE Al
of various references in this docunent, applicants do
imoludesimeanstthaproaidyng fregroéntsidizthe seléatedemasses ar rapgesorf masses.
art" to their invention. [0113] Wile specific

exanpl es have been provi ded, the above description is
illustrative and not restrictive. Any one or nore of

the feat urege Rhsd PeRIHMEMNMm BeSEdrkinele RATACHIBRM Seans

can be conbined in any manner with one or nore

Fu%%ru{o“?f? r?’sg Qfﬁe eeoxjegl%ﬁ bgﬂ;%) g‘ferﬁ‘arg'tte?ecltll?c éelafbr Bhg 2R the last
AVENTT On. Ear ther ror , many variations or the
invention wll becone apparent to those skilled in the
eJFEUE SO evi ew of the specification. The scope of

the invention should, therefore, be determ ned not

wi th WD 2004/ 030008 PCT/ US2003/ 027974 -34 reference

to the above description, but instead shoul d be

det er hé.nedTiv miasy peetrenaer oftabaiinhis wigemndbaionl sairrs is a laser
along with their full scope of equivalents. LLOYD W SE
S&oMhidh ibSsddrad. med is: 1. A tine-of-flight mass
spectroneter conprising: 5 a) ion flight path neans
defining a flight path for ions and having an ion
entrance and an ion exit conprising: i) at |east one

field, freeyeqgion; il t least one el ectyi ector, ..
cach blrect FRERegipsftmdbref 35 oaf PP o Binii . fr B qeurising o
and 10 iii) | east one ion optical elenmen )

SIROE PRy cwafiaﬁlr%ff {ojagiist th fam cleidgrs when &’F adipsEnest n
the at |east one ion optical elenment is disposed at )
adjusiehly mnglifegstthe/potential kepasigneast byodn ioh enigring pr ¢xitingan electric
associated therewith and conprises at | east one trim

gicect rode that nodifies the potential experienced by
an ion entering or exiting the

18.  The mass spectrometer of claim 17 wherein the control system comprises

a software program.

19.  The mass spectrometer of claim 1 wherein the at least one trim electrode
comprises a pair of trim electrodes disposed so that the ions pass between the trim

electrodes of the pair.
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el ectric sector associated therewith; 15 b) an ion LLOYD WISE

source including neans for accelerating a pul se of

ions from the ion source into the ion entrance of the

ion flight path neans; c¢) an ion detector in

communi cation with the ion exigt of the ion flight

pat h neans; and d) neans for recording a tine-of

flight spectrumof the detected ions.., 20 2. The nmss
spect¥bnet Ere Bassepesirameteind cEn 1t W rFl&ﬁﬁ? ?tﬁ&”r?t Opgfrin electrode
means conprises an Einzel lens. LLOYD WSE 36 3. The
comgsisspe pluraite bEpaicfofdtimi electrodis eathrpadt dispoaed swothat e ions pass
the trim electrodes is adjustable, wherein the

T@verst tab krém tetderrodd sexftticopter, adieresit alphiy isdispdsedst dable entry and each
potential experienced by an ion entering or exiting an
Shirebf deh SReHR sector.4. The mass spectroneter of claim 3
wherein the at | east one adjustable trim el ectrode
conprises a pair of adjustable trimelectrodes

di sposed so that the ions pass between the adjustable
trimg] ectrodes of the pair. 5. The nmass spectroneter

of | oI Sh-m 5T ieRs et reldin RoriRan ter Bl epy pctors, cach
10 el ectrode conprises a plurality of pairs of,

eleijtuie seatdrdiayingr ﬂéétﬂqu%!‘éie, ofecabent %759 degeres pocsein adigld free
that the ions pass between the adjustable trim

epratsepatess odchtdetppasectormherein a pair is disposed at

each entry and each outlet of each electric sector. 6.

The mass spectronmeter of claim5 conprising four

el ectric sectors, each 15 electric sector having a

def | eg3 i onTRNGLS s?t:ctﬁm?é&r FhiRCOERRSsi gél%kd;itya%{] eel@étpic

free region separates each electric sector.

mass spectrgneter of cl.ai risi rality of . .
SRR MERi0 B Flesnedp il PRI Bl ePtdidfafhot wim
trimel ectrode, conprises f.irst and second. 2 ai,r

Fe R G aT SPPIEE FOAE Dledans Rest REBRFT T uadestrogts of the
that the ions pass between the adjustable trim

pdin othestie thedirst pair ip disposegia ehsi antry 198 the leatrigggeforiclosest to the

di sposed at the entry of the electric sector closest

¢raranbe oftht i@nftighopath hed therseddnidglatr ipdisposad dt thheutdetcd gt electric
pair is disposed at the outlet of the electric sector

§dcRY @Fdsedt @o tHR&XWI thedbn Flight ipadh. f 1 i ght pat h.

23. The mass spectrometer of claim 22 comprising four electric sectors, each
electric sector having a deflection angle of about 270 degrees, wherein a field free

region separates each electric sector.

24.  The mass spectrometer of any one of claims 1-8 and 19-23, wherein the
ion source comprises 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.
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LLOYD WSE 37 8. The mass spectroneter of claim?7

conprising four electric sectors, each electric LLOYD WISE

sector having a deflection angle of about 270 degrees,
wherein a field free region separates each electric
sector. 5 9. The mass spectrqpeter of any one of

clainms 1-8, wherein the ion source includes |aser
desorption/ioni zati on nmeans. 10. The mass spectroneter

of any one of clains 1-8, wherein the ion source 10

i ncludes chem cal ionization nmeans, electron inpact i

i oni 2% i orlheemass, speditomusitesraif 28y PaRO! teimss -$and 19-23, wherein the
el ectrospray ionization nmeans. 11. The mass

Beas tfooatetleratiaf agnise ofi onsfcomipabeym Vol@ge piles apphiet hebsequent to
source includes neans for selectively providing ions
Rfmas &'thé e masses or ranges of 15 masses. 12. The
mass spectronmeter of any one of clains 1-8, wherein

the ion source conprises a quadrupole ion trap. 20

13. The mass spectroneter of claim 11l wherein the

means,_ for sel ectivel rovd di ng ions. conpri .
quadr%é)ol e?#‘%WaierBﬁCtémﬁerlq ﬁ’ﬁ%f’g? Sﬁa?lmp.' EE%@%Q%Y Wherein the
38 14. The nmss spectronmeter_of claim 1l wherein the

on light pathemeans dwdier cpmprisrsasticle fire reeinn Rafersithl Hegt clectric sector
fragnments of the selected nasses or ranges of nasses.

difol. affEh éherfas slespecectonet er of claim 12 wherein the ion
flight path neans 5 further conprises a field free

regi on before the first electric sector and after the

| ast electric sector. 16. The nass spectroneter of

cl ai mA3 Wkl Bk & B&rdrMlerSAUhG 8nk 8f AainRSER andl €695 PurMBr
ion source. 10 17. The mass spectroneter of any one of

clai nms 3- urther c [.Sl:N I -
S0 e e BB DRI 9 e B g
%%c%gtteg%v%‘l either the entry or the outlet of an electric sector such that the ions pass

through the aperture.

28.  The mass spectrometer of any one of claims 1-8 and 19-23, further
comprising an enclosure, wherein the enclosure is configured to enclose at least one

electric sector.

29.  The mass spectrometer of claim 28 wherein the enclosure includes at

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



10

15

20

adjustably nodifies the potential experienced by an LLOYD WISE

ion entering or exiting an electric sector. 15 18.

The mass spectroneter of claim 17 wherein the control
system conprises a software program 19. The mass
spectroneter of claim1 whergijn the at |east one trim

el ectrode 20 conprises a pair of trimelectrodes

di sposed that the ions pass between t i m .

ol oot des i EteP e bR PSR T8940 S, HheMiad aherein th
spectronmeter of claim1l wherein the at |east one trim

feqld free srpdon sepassting gy firsiandrsaeandyelestrigsgicioss isfsubstantially the same
el ectrodes, each pair disposed so that the ions pass
lbegthves thetfledd free¢ mgeineeparatdes thefthirhandofaurth elsheiceseotoss.

pair is disposed at each entry and each outlet of

each electric sector. 5 21. The mass spectroneter of
claim?20 conprising four electric sectors, each

el ectyji c t95ss@gé’%u:bg'feger%?fclaﬁﬁt%%e?ag hige t“?élii %Qgéagéﬁl? Before

degr ees, erein free region separates

fe BB sleFaRRE G pobPafiey o SFRaeRRES LRTRITEe natipife e

the at least one trimelectrode conprises a first and

lag el5sHIGSSFOTof trim el ectrodes, each pair disposed so
that the ions pass between the trimelectrodes of the

pair, wherein the first pair is disposed at the entry

of the electric sector closest to the entrance of the
i on f32 ghtThgahissapettiohrterof olatn P8iwhekein thesixds 6de adgidhe
outlet of the electric 15 sector closest to the exit

s@{)aﬁa e h@Reddnl @R AL ectdSsecldiS iRB SRS 1 HBTBI& thOfength of
claim?22 conprising four electric sectors, each

' [ j I f .ab 270 .
egtlgglf(ge Bso?h é\}%g}regclf %Qg%:gp’g] b%f%gftllleet‘f\rts{ QB A0L ForVr tlZesﬁe;{tg gﬁ:z region

Free reglion separat

ectri ector. 20 24. The nmss spectroneter of any
E%%Eﬁgﬂa%e§$ﬂﬁ”ﬁ9@“and 19-23, wherein the ion source

conprises neans to extract a group of ions froma
pul sed or continuous ion

33.  The mass spectrometer of claim 27 wherein at least one Herzog shunt is
in association with at least one trim electrode that is disposed at either the entry or the
outlet of an electric sector, wherein the spacing between the at least one Herzog shunt
and said associated trim electrode is substantially the same as the spacing between said

associated trim electrode and said associated electric sector opening,.

34.  The mass spectrometer of claim 27 wherein at least one Herzog shunt is
in association with at least one trim electrode, wherein the thickness of the at least one
Herzog shunt is approximately the same as the thickness of the associated trim

electrode.
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beamin a direction substantially perpendicular to the
direction of the beam LLOYD WSE 40 25. The nass
spectroneter of any one of clains 1-8 and 19-23,
wherein the neans for accelerating a pulse of ions
conprises a vol tage pul se applied subsequent to
formation of the ions. 5 26. %he mass spectroneter of
any one of clainms 6-8 and 21-23, wherein the ion
flight path neans further conprises a field free
region before the first electric sector and after the
| ast B ect Phecmasspestrometer f claind 7rvehesein peleast one Herzogfshunt is
any one of clainms 1-8 and 19-23, further conprising
intasdoemsibn e atkgaziognegairf tiaelavtrodes, aphereinithe spadingy sdparating
each Herzog shunt is associated with either the entry

the trith @leottbdestof 9hid aBsoRl a8l FaiiCo 3B AL déctUedls ghdiertthd theM&dth of
pass through the aperture. 15 28. The nass

f f ains 1-8 and 19-23,
t?ﬁ?@%gngQ%E6?$g$E%egﬁﬁg ¢ %gUre, wherein the
enclosure is configured to encl ose at | east one
el ectric sector. 29. The nass spectronmeter of claim 28
wher ej thﬁﬁfnclosure i ncluydes at 20 | east one
aper t3% e, WifeRasiPefiromsiof glaam 24 avhergin theshapmed the pperture of
as a Herzog shunt. LLOYD WSE 41 30. The nmass
thpatdeas are glprzog shury substandifilly cernfoensto tBs siipe ofithd dp8ning of the
wherein the field free region separating the first
andisatdedriekatdrt i ¢ sectors is substantially the sane
l ength as the field free region separating the third
and fourth electric sectors. 5 31. The mass
spectronmeter of claim26 wherein the field free region
bef or t f] ' [ stanti al | e
same 1 engt medhis KRBl r B 3 iRy PRI APk Tonopie
electri.c sector. . Th ss spectroneter aof claim 26,
R ioh Tl erking Horegs Tl o STHSUBR e oRg ioRe! Diecsgiated
($nd,third el ectric sectors is substantially two tines
KEQ ¥EWEh of either or both the field free region
before the first electric sector or the field free
region

38.  The mass spectrometer of any one of claims 4-8 and 19-23 wherein the
thicknesses of the trim electrodes of at least one pair of trim electrodes are less than the |

spacing separating the trim electrodes of said pair.

39. The mass spectrometer of any one of claims 4-8 and 19-23 wherein the
spacing separating the trim electrodes of at least one pair of trim electrodes is less than
the separation of the inner and outer electrodes at the opening of the electric sector at

which said pair is disposed.

LLOYD WISE
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after the last electric sector. 33. The nmss

spectrometer of claim 27 wherein at |east one Herzog LLOYD WISE

shunt is 15 in association with at |east one trim

el ectrode that is disposed at either the entry or the
outlet of an electric sector,,qwherein the spacing
between the at |east one Herzog shunt and said
assocjated trimelectrode is substant. al] tg nme as
t he S‘L%m B RASRACORTET Of 28K Ene Pl 1 angigRauherein the
and sai d associated el ectric sector opening. 20 34.
arjiestabbes sing pleetrodamareinderfendenilyradpptabtrewish respect it earh aties.
Her zog shunt is in association with at |least one trim
el ectrode, wherein the thickness of the at | east one
Her zog shunt is approximately the sanme as the

thi ckness e hbe specRmeddrest ahy b 81f Q8&idsede and- 16 Wh&Ein:

42 35. The mass spectroneter of cl a|n127 wher ei n” at

| east one

| east one éggﬁ ?)Q 19? Q(ylﬂ%alg? glgth?odgzg éérsgalrﬁ r{%e{'{@d@f’stable electrode
par a eIe t rodes of sai d aSSOCIated

aﬁ@laln ° ertaﬁJWaBEeeiqcltr(?a s greater than the w dth of

5 the aperture of the at |east one Herzog shunt

The nmass sHeefithe pweeadipttakie aheﬁﬁr@rsmﬁead@rs?pdttﬁéuéﬁ@m@llwhe

the aperture of the at |east one Herzog shunt

wuoledtrsimoitertialarcoaif efrths ovter adyestaiaplectoddes e agpestidtg of

the associated electric sector. 10 37. The mass

sipaahtiRhesand seebid potentiavher ei n t he di mensi ons of the

aperture of the at | east one Herzog shunt are smaller

than the opening of the associated electric sector.

15 38. The nass spectroneter of any one of clains 4-8

and 19- 23 hi cknesse

ol ectPodes B pet® eéer{@?ag BREGt Fhinls B Lt istrin g

| ess . tg t he paci n arating the trimel ectrodes

BPresangy %§l¢wr@§°“¥W Wﬂ% 1B A& Poret er of any one of

clainms 4-8 and 19-23 wherein the 20 spacing

separating the trimelectrodes of at | east one pair of

trimelectrodes is |ess than the separation of the

i nner43and Thetreassepexdtoneteofahy dieofopanisr3§-4if, wiheeein the ion

el ectric sector at which said pair is disposed.

source includes chemical ionization means, electron impact ionization means,

photoionization means or electrospray ionization means.

44.  The mass spectrometer of any one of claims 38-41, wherein the ion
source includes means for selectively providing ions of one or more masses or ranges of

masscs.

45. The mass spectrometer of any one of claims 38-41, wherein the ion

source comprises a quadrupole ion trap.
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LLOYD WSE 43 40. The mass spectroneter of any one of

clains 3-8 and 19-23, wherein the adjustable trim

el ectrodes are i ndependently adjustable with respect
to each other. 41. The mass spectroneter of any one of
claims 4-8 and 10-23, wherein, 5 each pair of

adj ustabl e el ectrodes conprises an inner adjustable

el ectrode and an outer adjustable el ectrode, and al

of the inner adjustable electrodes are adjusted to
substantially the sanme first potential and all of the
outer adjustable electrodes are adjusted to
substantially the same second potential. 10 42. The
mass 4pect Aanaheat fobturdimgya ame-affflightanass spltrbinetanfcomerising:
the ion source includes |aser desorption/ionization

means. 43. a)ThRvidsSa FROCIpeOn®h@tr & angdyic @NElaths T18ai NS
38-41, mheRePﬁ the ion fE source inzludes chem ca

I oni zati on, nﬁ&@ﬁninﬁ'ﬁ%ﬁé FQButiR @Pgen'siﬂmtf 8F 4Q0: TR Y ons at a first
phot oi oni zat 1 on nears or electrospray 1onization

nmeans. 44. The nmass spectroneter of any one of clains
$EI81Y wherein the ion source includes nmeans for

sel ectively providing ions of one or nore_nasses. or
ranges of 20 nis¥eYingspotepiial faalleashane adjngtatde tryp elgsirode;
one of clains 38-41, wherein the ion source conprises

a quadr upol e i o) bbaming 4 DDMAkSIHecUum 46 ionA from Hedok seurce;
tuning a tine-of-flight mass spectroneter conprising:

@& providing a mass spectroneter of any one of clains
3-8,; 5 b) determning the resolution or sensitivity

of detection of iiiit) FHE?erﬁatiniﬂ% fdsbRition %Fgéngi@i_gitplﬁfdftlction_ from the
applying a potential to at |east one adjustable trim

1# C%Q&Fe} i) obtaining a first mass spectrum of
f&ﬁgl PO THS i on sour ce; and
c¢) 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;

ii) 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.

LLOYD WISE
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10 iii) determning resolution or sensitivity of

detection fromthe first mass spectrun c) LLOYD WISE
determining the resolution or sensitivity of detection

of ions at a second setting by: i) adjusting the

potential applied to at |east;cone adjustable trim 15

el ectrode; ii) obtaini ng a second nmass spectrum of

ions fromgthe i and iii) .determning . .

r esol 41 orT meBAA pY gl Y6 Sfithes CLmPHERE AF BripleEn is determined to
second mass spectrum and 20 d) determ ni ng whet her
beedpgradeil ontheseqpwdseitingi t y of detection of ions is

i nproved or degraded at the second setting. LLOYD W SE

45 47. Thee)nddttradniog tid @soludén drsenbievite ofgatedion@f iarfs at a third
resolution is determned to be degraded at the second
satddwg: e) determning the resolution or sensitivity

of det'ection of ions at a third setting by: 5 i)

adjusting the Pﬁtaedr?&sitiﬂ Rl §biiRl +4 &aSdst BREadjustable trim

adj ustable tri ect I'n a d'rection opposi

et e%éé@%&ef%paﬁ?&tﬁwn TR B ' "o

iii) determning resolution or sensitivity of

det ection from g)né bairang it mess sPeam ?ﬁ}ﬁ?s o thg ion source;
determ ni ng whether resolution or sensitivity of

aglt ection of ions is inproved or degraded at the

third setting. 48. The nmethod of claim46 further

conprising, if jigsddhdtiifing i@oREbebRbeneidivit of d&tedton from the
i nproved at the second setting: e) determning the

trhﬁ-a%é&%&r&trgh SksSitivity of detection of ions at a
t setting by:
f) determining whether resolution or sensitivity of detectlon of ions is

improved or degraded at the third setting.

48. The method of claim 46 further comprising, if resolution is determined to
be improved at the second setting:
e) 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



i) adjusting the potential applied to at |east one

adjustable electrode in a direction the same as the LLOYD WISE
adj ustment of the second setting; 20 ii) obtaining a

third mass spectrumof ions fromthe ion source; and

iii) determning resolution g sensitivity of

detection fromthe third mass spectrum and LLOYD

WSE 46 f) determni whet her resol yti.on : S

sensi ti vi t§ BEIRRRE YRIRedEsqldin qraengiiiPoidipiegtion of fons is
degraded at the third setting. 5

improved or degraded at the third setting.



