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SOURCE BACKGROUND [0001] The present invention
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mass spectroneter anal yzes masses of nol ecul es, such

as ions, and includes an ion source and one or nore

mass anal yzers. In the ion source, particles are

ionized and extracted froma sanple t hat includes

anal yte nol ecul-¢g anal yzed.

The ions are transportegﬂ?g one or ngggﬁ%ass

anal yzers, e.g., tine-of- f||§ |ontrap or
mul tipol e anal yzers, tBACKGROJNDt he ions based on
their mass-to-charge ratio. [0003] In the ion source,
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amdbéxitasted fpom b isghpls thaThm:lﬂlcbs enalyte\mMechfkesgt &, mahacbbs to be
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to selectively heat and abl ate e .
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i ncludi ng 1oni zed analyte nol ecul es and, for large

rfﬁt"i‘*?alyte nol ecul es, fragnments of the nDIecuIes [ 0004]
Fragnment ati on can be avoi ded using matri x-assi sted
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anal yte mol écul es are enbeddéd in
uging statie glssteiaifieldsion tserd elsdrsmalotr othegparticle rbcams,uFesexaﬁxpﬂe ina
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palse;su, Bdotired 80 byt of lakablpleStrérB GFHIEHHNE fodub& lagsi@iblates
energy_is absorbed mainly by matrix nolecul es that
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“ﬂnmm bﬁmrpeies |1mdhﬁlm)g ionred mealyedndlyciléeandage large amalyte
a ah%te ions. c uided to a mass anal yzer, e.g.,
mg F’tffagggfeé‘tsr ea‘§‘§ fFF-es, such as a quadrupol e rod

assenbly in which four par allel rods create a
[0904H Fragoleatatibe cn becaviideddising rgatiigasdified lak@nesbripasn t he

iogi?z 1{312 (‘%gﬁi’gé&g}n}qﬁgs aIrrllaI{/I%ZL%I :cln-gt(ljytgl \él%lle%uijels Séjtreoéntﬂ!)e%rc]igd ina
matrix, which typically includes small organic molecules. For example, the analyte
and matrix molecules can be mixed in a solvent, which is later removed, e.g., by
drying the solution. In this technique, the laser’s energy is absorbed mainly by matrix
molecules that heat up and vaporize into a particle plume. The matrix molecules drag

along the analyte molecules into the plume where analyte molecules become ionized.

[0005] From the particle plume created by the laser beam, analyte ions can be guided
to a mass analyzer, e.g., by multipole rod assemblies, such as a quadrupole rod
assembly in which four parallel rods create a quadrupole electric field to guide the

ions from the sample surface to the analyzer. To avoid distortions of the quadrupole
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beamirradi ates the sanple through a gap between the
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provi des techni ques for generating analyte ions in an
ion source of a mass spectroneter, where a | aser beam
irradi ates a sanple through an aperture in a rod of a
rod assenbly for transporting ions. In general, in one
field e taser Beam ivdiates thie sapiplavihebagh argap bstveen teauadspolkelryds.
for | aser desorption nmass spectronetry. The ion
source assenbly inC|UdeSBﬁg rget for receiving
anal yte sanples and a p y of rods. The rods
define an interior volune having an axis extending
[0806]y Tlie iomerdiongueidesgediniques far gegeratidganatytaionp or a1 iog source
ions. One or nore of .the rods inhcludes an, aperture .
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mul't e surface-con ured to generate multipole
caalfigatedisacH thet allsérrbetinean padsahroogh thelapenture £o ireadiate a location

i ncl udi n n aperture c be a nultipo]e rod defining.
o g gy SRR T an ndlgie seBBlerlsb st 5 18 totion.
mul ti pole rod. The aperture through the  nmultipole rod
[00aT] Patieular imiphkanertitione tar inbetwernomhoretof thdfoitowargdeatures.

about 2.5 mm __ e.qg., .between abouyt 1,3 and about,
The 190 roq eSS RBLIT AT SRATISGR f A %@_Sﬁﬁdgggef FPHOson
scufiee rThteli‘ﬁlnﬁl?@rotf Yo daP SiRNEHR rﬁlhﬁp('iﬂé lr&dsp%&e re_%h SMih Hﬁltipole

mul ti pol'e surface. The netal nhesh can define a
rodb defales taymdfipalp ewifagsonfiaued topgemeraty waktiphlzwedeckrid figldsun the
.Size of about,.0.5,.,m A rod including.apn aperture.can
infeaof elumge A ipsIRdiig gn apirfite et oo Bl R Aptipe ol
apfeftiife Birdgh fisd Iﬁdﬁipaléfsﬁff%e&iﬂth@mﬁﬁﬁféleqeﬂf THe! ﬁp%ﬁtuﬁ@through the
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muHipel ref colphalesr mimor digmietes betavessy abent d flepm and abavf e mam
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magieddnloogercthe aeetveothidugh tedmaltipblet od bt the nadipoldaafacealhe
mg‘gf glesh can define a plurality of openings. Each opening can have a linear size of
about 0.5 mm. A rod including an aperture can define the aperture by a recess. The
plurality of rods can include accelerating rods configured to accelerate or decelerate
ions along the axis of the interior volume. A rod including an aperture can be an
accelerating rod defining the aperture by a recess. In one or more of the rods
including an aperture, the aperture can be configured such that a laser beam can pass
through the aperture at an incident angle that is less than sixty degrees, e.g., about

thirty-two degrees, relative to the axis of the interior volume. The target for receiving

an analyte sample can be defined by indentation on a sample plate.
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t hrough the aperture at an incident angle that is less
than sixty degrees, e.g., about thirty-two degrees,
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by indentation on a sanple plate. 2 WD 2004/ 109742
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that 1s less than sixty degrees relative to axl s
ond of the multipole rods. The laser beam can pass through a metal mesh covering

the aperture in one of the multipole rods. The laser beam can pass through the
aperture at an incident angle that is less than sixty degrees relative to the axis of the

interior volume.

[0011] The invention can be implemented to realize one or more of the following
advantages. Through an aperture in a rod of a rod assembly for transporting ions,
laser beams can irradiate a sample surface to generate analyte ions with high
efficiency. To provide a uniform energy distribution on the sample surface, the

aperture can be configured such that the laser beam has a small incident angle relative
3



interior volunme. [0011] The invention can be

i npl emented to realize one or nore of the foll ow ng
w@cdowanodgges. Through an aperture in a rod of aP@DUS2004/016478
assenbly for transporting ions, |aser beans can
irradiate a sanple surface to generate anal yte ions
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chReyant ages of the invention will becone apparent from
the description, the drawi ngs, and the clains. BRIEF

DESCRI PTI ON H 1 FIGS, | A-1C are
schemati c di %‘é@%ﬁﬁ&@@? PBA VB e
assenbl y.

[0013] FIGS. 1A-1C are schematic diagrams illustrating an ion source assembly.

[0014] FIGS. 2A and 3A are schematic diagrams illustrating rod assemblies for ion

sources.

[0015] FIGS. 2B, 3B, 4A and 4B are schematic diagrams illustrating rods for rod

assemblies.

[0016] Like reference numbers and designations in the various drawings indicate like

elements.



[0014] FIGS. 2A and 3A are schematic di agrans

illustrating rod assenblies for ion sources. [0015]
wWoR@H10P2BR 3B, 4A and 4B are schemati c di agr anBCT/US2004/016478

illustrating rods for rod assenblies. [0016] Like

ref erence nunbers and designations in the various

draw ngs indicate like elenments. 4 WO 2004/109742

PCT/ US2004/ 016478 DETAI LED DESCRI PTION [0017] FIG 1A

illustrates an i on BEDAUSERDEICRIPTION t hat can be
used to generate analyte ions 10 and transport the
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i on chanber one ['ementation, the 10
thhiarages tolthe Cmstrcallev éi(htsmﬁaclh&ﬁ\bmsmnmmg thesamplenedi um
vacuum Alternatively, the ion chanber can include an

@G@}"Fhe%a@télaﬁs {Parg- ené}QteH%ﬁ Eran ﬁe&"in%tﬂ ?trrf&%hlrbrers }10. In

pressure -- exa e, on t
onf ampbmntatlbﬂl,l mlonWhMbanH Otibe rvetxyml tlemtet mmintainadgyhedium

th ted t he beam 3
b TR hRR o o do8 R A RO DL 6 By apdnet
gd@ﬁiﬁiﬁ&%llq:ﬁéhshﬂ&e- RireghmpRNoRthe otréi@- OTBEBitSBH Ghelt CHh Eélﬁde
be increased. [0019] The ion chanber 110 includes rods

withhangthereby Sigrpalizeigpalyterions tat ara deated Blahy)t@ laser beam 30. By
cgﬁlzﬁ% !rfﬁgr%lr@lgtagglp rrg tglé &ﬁal}éqnolz&qessc%%le %ecr% 5%8 ran& %116e pI}QCISIOIl of

the mass spectrum can be increased.

[0019] The ion chamber 110 includes rods 111-112, a sample holder 116, and a
sample positioning apparatus 118. The sample holder 116 holds one or more samples,
such as the sample 20, from which the analyte ions 10 are generated. In one
implementation, the sample holder 116 defines a target plane 117 including multiple
indentations for holding samples. For example, each indentation in the target plane
117 can have a circular shape with a diameter of, e.g., about two millimeters.
Alternatively, the sample holder 116 can have indentations of any other shape or size,
or can hold the sample 20 without any indentation. Samples and sample holders are
further discussed with reference to FIGS. 1B and 1C.



such as the sanple 20, fromwhich the analyte ions 10

are generated. In one inplenentation, the sanple
whelodae97116 defines a target plane 117 incl udi PQI/US2004/016478

multiple indentations for hol ding sanples. For

exanpl e, each indentation in the target plane 117 can

have a circular shape with a dianmeter of, e.g., about

two millinmeters. Alternatively, the sanple holder 116
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can hol d the sanple 20 wit hout any indentation.
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an axi s one |nplenen ation
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h h bl
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for accel eratlng or decel eratlng t he "ana yte 1ons
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rods.

[0022] At least one of the rods 111-112 (rod 112 in FIGS. 1A and 1B) includes an
aperture 115 that is configured such that the laser beam 30 can irradiate the sample 20
in the target plane 117 through the aperture 115. Aperture, as used in this
specification, includes any opening into or through a rod, such as a hole, orifice, gap,
cleft, slit or recess that is contained at least partly within the rod and through which
the laser beam can pass. Defining the aperture 115 is further discussed with reference

to FIGS. 1B and 2A-3B. Due to the laser irradiation, a plume of particles is formed
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di scussed wth reference to FIGS. 2A-3B. In
alternative inplenentations, the rods 111-112 can
w0 p@kaa4nnl y nmul tipol e rods, such as quadr upoPE&T/US2004/016478
hexapol e, or octapole rods. [00221 At |east one of
the rods 111-112 (rod 112 in FIGS. 1A and 1B) i ncl udes
an aperture 115 that is configured such that the
| aser beam 30 can irradiate the sanple 20 in the

frodii gRtsampRIT deb’ tHehtirgsighlaneEl 7o thélfodls 1151 12\@afdte Whanalyte
as used 1n this specificatjon, includes any opening
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In the'ro rough e lase
abemmimmﬁasstheﬁegetlpilamg 1tiie aperture 115 is further
di scussed with reference to FIGS. 1B and 2A-3B. Due
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| aser source 120 provides the | aser beam 30 to

deyifSdi at e t he sanple 20. In one inplenmentation, the

| aser source 120 is a |l aser device generating ultra

[0026] dthe opticV tpmpondnnl B@rdirens (he [143¢) beans 80 fiontie (ljasgr source 120
ted by an

gy i engaut aad e Sapedl ptenally. b SR Leomaraminbl 39 can
f@&hs@lﬂg l'a§efi1 |bearﬁ%9'tﬁ‘e sa!nﬂolé hhﬁoﬂeﬂi’ﬁ?f‘e'i‘ﬁéﬁﬁfohoﬁﬁe o'bﬁ%al lcaﬁlgﬁnent

source 120 can be an opti cal bl e coupl |
1[3©amh}de3rhemupr L3hla lwmn@ntlmwdm Wmdbw IBBe Thassrror 134

fromthe | I sou thr
EEP b e TG i 33€ Torh e G5 o5 hentiy TG entqlS th o chamber
1@0@@1’1@{1&1@1}6&@%38 f ocus the | aser beam on the sanpl e.
In one inplenmentation, the optical corrponent 130

(ORI T oM ML R o gpecio SRy Fisdfier b oS Pess rough the

afériFem s, 1ﬁﬁ)rflehgfe%§en¥diﬁn| e %sep&%fﬁ indfidedi tvﬁﬂf’n&ﬂi‘ﬁmble
I on chanber throug@et e w ndow 13 8. T0025] The

vave lepgthezagi 8 (Poer anl Bhlagerthsametndetbe mitrer 1 3kisa deamc:mrror
i rdIRRE tﬁ@ﬁ@rﬁ%@ibﬁ@ﬁser beam but is transparent for visible light. The

dichroic mirror can be used to separate visible light from the laser beam and makes it

possible to use the optical component 130 for both directing the laser beam and
imaging the sample in visible light. In alternative implementations, the laser beam 30
can be directed without the mirror 134. For example, the laser beam can be directed

with an acoustooptic light deflector, or simply by positioning the laser source 120.

[0026] The lens element 136, e.g., a convex or plano-convex lens, focuses the laser
beam on the target surface 117. The lens element 136 can be positioned between the
mirror 134 and the window 138, or between the mirror 134 and the laser source 120.

Optionally, the optical component 130 can include more than one lens. For example,
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aperture 115. In one inplenentation, the | aser beam
includes light with non-visible wave lengths, e.g., a
wrooenowm2 | R | aser beam and the mirror 134 i SPEI/US2004/016478
dichroic mrror that reflects the non-visible |aser
beam but is transparent for visible light. The
dichroic mrror can be used to separate visible |ight
fromthe | aser beam and nakes it possible to use the
adfrst lend candimﬁiaﬂhecﬂBéTofedebweEbrﬂli le@Cdang pobigiohéd fer the
beam i magi pg the, sanple in visible light. In
#g‘gt me-lmF i9n; il the st Mﬁ?or@elames@re Rlanp-ganvex
1@&5@9«5 4 146d B10bal dRardlol iPSerdéh ol 1.1 4ATRG: 11418
[ aser eam can rected W th an acoustooptiT |ight
Adefrhaivelyrqr in addatlmpltlye leys plemichi 18, ngorteh& rh@s @thes tans€Ein the
ns elenment 136, e.q., convex or
Oyﬁgﬂaoleﬂaﬂwi 3(5; %’é%% 4] Wén}ag%hﬂ %@@Eﬁ%ﬁ -&-H{B Visible
foar.get surface 117. The | ens el ement 136 can be
p03|t| oned betvveen the mrror 134 and the w ndow 138,

R LT e h o ot
th'RA RAEbErCNPe WiRdove 8@ c%n]f én@@t@ﬁ@cé{/ #9442 beam 30 enter the

PCT/ US2004/ 016478 a ns can be position
itre¢lomben atl  ssdomngiirh émslowapreskserep osiht i @nelthndfer &ont higside

134, | i mpl t h the first and
Balifrc Stesutd oty TR ok be ST obbited ik of s Ghe
mheR&radl ticht gt@dﬁ@pﬁeﬁtﬁo BRIMES BeAROW acﬂ&u%@mé @iﬁae{v 133 8%a_n be

Alternatlvelé[ in addition, the | ens el enent o,
tigngpagant teoyisiblst lighit phesingasto andiobof @apmm@hamb@npsh@wslble hght

t 1) le 2
o el B A E 07 Tl KAt 17 BTG 07 sthtaces o
cdm be corefthutddrto figtus tieclavérbdamy ahdBr tvﬁ;ﬂil@ﬁgl&%@' @ar’Rave a convex
side the ion chanber. The w ndow 138 is configured
a%%t 1 ow the | aser beam 30 enter the ion chanmber and

to seal vacuum (or low pressure) in the ion chanber

[0023INThe Bl c@hpHRRh €40 Endpes SRUaRAPle HENhOAWhABBeC 3R one
be, rade of fused silica or any other material that is

ipplepmeptatianthe Bnaging sompanepiapiudesp ightsewren 142 ped aramew
8 Iy
3ETRE N0y 195 BARARL 1o Wil Blc sl b ARG B

sarspld and themagera WS, sanm @CRRamEhe gunemte)s/\anli&&gew dete¢ting
only.flat surfaces n be configured to focus the

lighrkeqing o e rinples 18@36@?511& mplergentations, g ywaging
c6RPYiRAt 180Em3E6vide images without an electronic camera, e. g., by projecting

the image of the sample on a screen.

[0029] As shown in FIG. 1A, between the sample and the imaging component 140,
light can travel through the optical component 130 and the aperture 115. By using the
optical component 130 and the aperture 115 in a manner similar to the laser beam 30,
the imaging component 140 is able to image the sample with fewer elements than
would otherwise be required, e.g., without extra windows on the ion chamber, or
without additional apertures in the rods 111-112 that may distort the electric fields
generated by the rods 111-112 for transporting the ions. In alternative

implementations, the light source 142 can illuminate and the camera 145 can image
8



[0028] The imagi ng conponent 140 i mages the sanple 20
in the ion chanber. In one inplenentation, the
WO pagiteeg4zonponent i ncludes a |ight source 142PERUSH04/016478
canera 145. The light source 142 provides |ight,
e.g., visible light, that illum nates the sanple and
the canera 145, e.g., a CCD canera, generates an inage
by detecting light reflecting fromthe sanple. In
tizd daerpiafromevtherplirectorisahdrnihs Jasetigeaiagi ng  conponent
140 can provide images w thout an electronic camera,

the i of th anpl e on
1§01 ORop B T il ol RO Yo R BB R = Bl
transhatdne niiffeg efpy t6 arrpeeahé lidhtGourdei1gh and 812 dam@¥£145 such that
t hrough t he opti cal onent A 130 and the aperture
thesize %;ﬁ %P%gn& mnpqsﬁm% becpinpwivett Fonecample, thrlight source
1? gg&? %ﬁalg? n éllggn% nentrl]1 g%fbacﬁk é@r EI@I%IE@SE% S%ﬁ & sanp ?ght
revetvied finetheshmpientan bt heffectadthyl e hh]lﬁe:ramm&rb ﬁnfreﬂw the damera
W t hout extra w ndows on the ion cha

laﬁtg Hbafternaiye implymentaaps, ope or mere Hemens ef ti’f 1meglzgt0ﬁ@ponent
lﬁ@)’e %' Bk Picht Joeceel40Ctdn e ihiig HR iofERERRLed by the rods

12 for transporting the ions. in alternative
%mentatl the |ight source 142 can illum nate
léﬁ% cetfalles 130 sontsgls T%ﬁd%f@f gupgs Bwd thosample positioning

f
?%%“?%8@%% ] o e RS ATaRp o LA e
cotngllen éh camidstran themahlp&ep@sltmmngnpparam 1H&Itd move the sample
o_artan sour

b3 DAES R ol e sPhrotsa il hE i ctef i o als e gser am

30 'Tﬁglﬂeﬂﬁttﬁélme eBitrolfky cQ?m@irﬁ’dt @hezlﬁger sb@ke ?Z@%ﬂ/@r thk Bptical
i ght source 142 can shine |ight through

compenant 13(% toAiarat the sepple. tI&exthTéle semipillsr canmlsﬁrm the lgsar source

BRI AT SRS, B0 B R e

sahplefroat thedmagipk eompbAdnt 046 to fORItNE aifiihg aethegRAple. Of
he i magi ng c onent 140, e.g., the_ l1ght source
tetnatiyely opén 2 iefl amEER OReTHE IR pssist gpgyingrthe laser beam,

e%o%rlgdg%l egpﬂ%rs% let he | aser source 120 and the
ositl

n| ng ap aratus 118 to ai mand shoot the
| aser beam at For exanple, the controller

06331 1. 1 lptietes @ﬂ@l%@m@ag@gthp.s@mpwgzomﬂmle@r baagn 30
tﬁre?gm%@ a%&?uré 23! ermt ﬂelléhaugﬁ Flg nl%%mtaﬁsn 0Bt fhe $2mple

osI ti orie PSctsTo aser eam
holder 116. The aperture 115 is 1mp1emented as an angled hole through the rod 112.

The angle of the hole is configured such that the laser beam 30 has an oblique incident
angle 160 relative to the axis 130. In one implementation, the incident angle 160 is
less than sixty degrees, for example, between about thirty and about forty degrees,
such as about thirty-two degrees. By having an incident angle less than about sixty

degrees, the laser beam can irradiate the sample with a uniform energy distribution.

[0033] The aperture 115 can be tapered, i.e., have a decreasing diameter, toward an
inner surface 114 of the rod 112, where the inner surface 114 faces the axis 130.

Tapering the aperture decreases the diameter of the aperture at the inner surface while

9



30. Alternatively, the controller can instruct the

| aser source 120 and/or the optical conponent 130 to
wa@eonae97she sanple. Next, the controller can | PGL/DSZI4/016478

the |l aser source 120 to irradiate the sanple.

Optionally, the controller 150 can receive an i nage of

the sanple fromthe imagi ng conponent 140 to

facilitate aimng at the sanple. Alternatively or in

adlddirig abroader hugkfoolight dtans thatarasisédsio imagaths sagpledn

. g. i i f th | e.
0 aion; (e ek b fen p St S8y o108 96156 Famine Bpusp 4 Hpered
a?é‘i‘iﬁjeﬁlﬁz@té%eﬁﬁetiﬁ 1&&3%&@,@1&@ AR rtutd] BUGH GJA%%&%%H% flole

15, where the sanple is held i'n an I ndentation
thatds sargyed to i ideer suiféce MHeiname o nroee dib&retessteps (as shown in

' ted as an angled hole thro the rod 112. .
R Ao Ph ey B ABiEns Con it i oL e et o it
coagatt depater30 has an oblique incident angle 160
relative to the axis 130. In one inplenentation, the

o d le 160 js . less than sixty d > for
(00FEAidhe 8%k Sirenb b ihe smertets i on et a popenegeiibat s in
beHfddn ABow 8 Hhmt AN ab¥utl M Ahe ﬁfr%ﬁ&mpl%}’im%‘(\b% Mdut ]h’aémm and

i nci dent angl e less than about sixty egrees, th
2 esucly aszhoyh . Smp aulatzoue 1 Bhven.s Anppertwiet1 S having aninor

PR i OU L G Rk D BREG P s i o

cofivedlens bifing 6f thé4asef bédneardhfidient WAL TS ihﬁ?iﬂg"tﬁ@Eample
surface 114 faces the axis 130. Tapering the aperture

Viierkberusing sestantishdistortions te e eéﬁcérﬁc; ¢ld ganergwg bgglmod 112.
' v/ P 1
bR gt B Bach b SARCP R MBS, R I AL MO eop e

coveredrevith atrheshsa figrtter ndinimizedie tleottic fidlé disegtondeam can
be nore easily focused on the sanple through a tapered

i il L. t.h t
(081 6 °1c b Bt AR 2R RITILAM G P10 VidRe BBl B
diractiom ofulid ade 1 131 4lni omé@m_pleﬁrelnfmbﬁ,ttﬁé sahgle tQOS§ g MAL%B sample
[ . t , e aperture can be
ﬂ?%?%%@?@%@ %Séﬁl)ng ﬁl@a%é?la g‘ITF&“@YW frwle%l&m aselventaths selution
bhigg%léﬂ)osﬁkd smg !iﬁH%%{ati%H'trl‘zgtﬁﬁd &, O SRPEAH 3D i%ai%eg%?na

ave a m nor I anet er IS 1IN et ween abou

taaget spdtol$0 of tensampflo20.eXbagilape of the batwiespot gﬂmdﬂpzﬁdMe

. ar baut. 1.5 t 1.

8 R 1 S B B AT BB e o 150
I a BT aNElrodbspsk, tRe BRBFLRHiskibatibN B 7iSs e A0 PR BeR¥ReLRbR:

uniform. The size of the target spot depends on the size of the laser beam leaving the

laser source 120 and the focusing in the optical component 130. In one
implementation, the diameter of the target spot is between about 80 micrometers and

about 150 micrometers.

[0036] FIG. 2A shows a cross section of a rod assembly 200 for transporting ions in
ion source assemblies, such as the ion source assembly 100 shown in FIG. 1. The rod
assembly 200 includes quadrupole rods 210, 220, 230, and 240 for guiding ions in an
interior volume along an axis 205 that points perpendicular to the plane of the figure.

The quadrupole rods are configured to generate a quadrupole electric field guiding
10



convenient aimng of the | aser beam and sufficient
view for imaging the sanple w thout causing

wG@instieats: al distortions to the electric fiel dPCT/US2004/016478
generated by the rod 112. Optionally, as discussed
wth reference to FIGS. 4A and 4B, the aperture can be
covered with a mesh to further mnimze the electric
field distortions. [0035] FIG 1 Cillustrates the
ie@iplie idrionvélomei ndent ati on 170 vi ewed fromthe
direction of the axis 113. In one inplenmentation, the

t
I ' | ,sanpl t j renare
197478 e Sk S o el S B a b L B B A0 A 2
at-tuderatigbri dedelefatihg tbrd epaiihteor volihe aload eRs Alié 205, 17Rh of
and drjed. The | aser beam 30 is ained at a target
theygds 423} iseeltioneghines gap betwiendwagdiasentiqyadupelgeeds. The

1 o ¥ .
O RARE By b ien OGP SRA Rl B e gapm
fepiotdiaBag or ihmgmgrosanthée pdsiticget of PO hearttheaxdn 203y

di stribution ionizing the sanpl e becones nore

' ' £ d t.h
14745120 i bBfin 208 finflon 1AL B0 205 REPhnBERRAET P00y on the
aris @06 teofigicarsanpled apettti@ 215tih ! quaaniperadl 2160Thd fpepifs 215

ipl.ementation, the dianmeter of the target spot i's

it SRR cosyieRPQrE Bpist A altarpriivedmplamentions, the aperture
. o X M

21 S5 B e P3Pl L0 0028 R ERRAENL Gl
quadrapdlé Faels? 1 Oswiththesipetterei2df. sour ce assenbly 100 shown
in FIG 1. The rod assenbly 200 includes quadrupol e

r ns.i.n.an . .
LRI, 22 30 8070 AL 30 TS o
ipesopeediseulbdies, tsoch fethpli@nwueade asdeentfly §00 shownEFIG. 1. Similar

SR B3P0 00 R £ Bl A ok e S Sl
q&gfawwaémaﬁlﬁ@; 3200980, b 808 fbﬂ‘énﬁ&ihg goﬁzégé gﬂggg{i&g%qme

The Tod asserrbﬁy 200 al so includes ro

along ap 8wis 885, anddewe asidiionalrods (rdéc¥0e860,iX76, amsh380) positiened
i ior vakume. al ong the is 205. .Each.of the rods

i B e et STy AR R R e gER oF el Haaive
icpgadr upol e rods. The rods 250-280 bl ock the gaps

bet ween t he quadrupol e rods | eaving insufficient room

0 o ARt A8, SPGB0 BT Sech o
sathsle pbsitidricdlvn tROBxiS 305 HRGEIh A HeFileS88GS kid BH880.0Mhd he

aperture 385 is implemented as an angled recess in the rod 380. In alternative

implementations, the aperture 385 can be implemented as a recess in a quadrupole
rod, or a pair of adjacent rods, e.g., an accelerating and a quadrupole rod, can have a
recess on opposing surfaces. FIG. 3B shows a perspective view of the rod 380 with

the aperture 385.

[0041] FIGS. 4A and 4B show a multipole rod 410 and an accelerating rod 420,
respectively. The multipole rod 410 and the accelerating rod 420 can be used in rod
assemblies, such as rod assemblies 200 and 300 (shown in FIGS. 2A and 3A

respectively), for guiding and accelerating/decelerating ions in an ion source
11



axi s 205 through an angled aperture 215 in the
guadrupol e rod 210. The aperture 215 is inplenented
w@sooa/1e0unt erbore hole. In alternative inpl enePCHUSZINE016478

the aperture 215 can be a tapered or non-tapered

hole. FIG 2B shows a perspective view of the

guadrupole rod 210 with the aperture 215. [0039] FI G

3A shows a cross section of a rod assenbly 300 for
asseartdporting ions in ion source assenblies, such as

the ion source assenbly 100 shown in FIG 1. Simlar

i | 2A....1 d
01 1 8 R OO S o Ppod 1 il . o0,
aﬂﬁ/}pﬁrbﬁﬁﬁ Slllrﬁwd, M@ne_fraﬁnsgggummg cleendc ﬁﬂgg ?Ilild’hhlﬁltip@ge rod 410
.V me a n axl k n our a I T1onal rods .
if S B afertg 75 goustuntichadsiepbes raeuvisiy lighpean imadiat
sBRbNEEThAR RSN, | FHREVLIRE ka@th{ag‘gi%{ lﬂié%}@f]]%fégfeﬁﬁﬁihﬁ%ngr

decel erati'ng analyte 1ons.
distertienserused ynthe apertgre 415 aratie 390tipold elretrici fikildy genkiaghtby the

3 an_r.each,a. sanpl ositioned on th i.s 305

o BeiE Rk 27 i Bage Rt FscinGiomesh A% i estrpided on
tEShultipoiegplaeepted as an angled recess in the rod 380.

In alternative inplenentations, the aperture 385 can

e B R SR o VB S5k i

cEY PR BRMOAE SidSanGANIAGYBnaF fé%é‘aﬁgﬁe '
su?_%gces.. FI G a%B sllﬁows1 21 pgr spe tl’\%b @?@%&gggﬁtmgederﬁggs
oBgOngs having shsizaplkabout @ 5885 or paPdthpr $izd3Bat id Amatier thah the size

|t ipole r 10 and cel erati d.420,
oF BB U UPE 55709 40, FESSATE Y69 e
shapee bpérfhgd) dnfaligmAd e Bdflerentitsd, the nieesl m&R 8BRS openings
such as rod assenblies 200 and 300 (shown in FIGS. ZA

vathgedangulas piegianosapy othepshagei di ng and
accel erating/decelerating ions in an ion source 11 WO

[ ALRAHR ifﬁ@.@@l@ﬁde@é{@f’aﬁﬁ% r@P SRR Ch i Q0ARduréSto
shown in FIG 4A the multipole rod 410 has a

epifrate glscicdigldsfor acpeleratinggons, ingludgp o rénshs 425sthrdugbeyhich a

[ 1 11 pol. I ic fields. The. .
o bR Rty tebd B84 FraBuhbfes, o B gpea with o
mokii] ofesh 4D & Sermineaizimnditorions shsbEbY tighec®an2s i ddeRbRic

S | es. e aperture 415 is covered with a netal nesh
ﬂg@ggplaﬁratﬁq-{ Ey ﬁl?egqcﬁalerating rod 420.

[0045] The invention has been described in terms of particular embodiments. Other
embodiments are within the scope of the following claims. For example, the steps of

the invention can be performed in a different order and still achieve desirable results.

[0046] What is claimed is:

12



di stortions caused by the aperture 415 in the

mul tipole electric fields generated by the nultipole
waohaew4212. In one inplenentation, the netal PeEER2044816478

is spot-welded on the nmultipole surface 412. [0043]

The netal nesh defines openings through which a | aser

beangﬁ{:%%gible light can pass w thout substantia

di st &t For exanpl e, the metal nesh 418 defi nes

openi ngs having a size of about 0.5mm or any other

size that is smaller than the size of the aperture

415 at the nultipole surface 412. The netal nesh 418

defines square shaped enings..Iln alternative .

| pl dvent AL SASOUER EsEPL 1OF LS deshrriion Fies spsefpRgys the fon
sm@m@aga@bgmwﬂ@ﬂﬁ%gircular or any other shape. [0044]

As shown in FI'G 4B, the accelerating rod 420, which

i s cantugglifoetecelyingpnabitasanpi¢scend i c fiel ds for

accel i: i I ncl udes_.a recess 425 throu i ch
R R R e R A
fwanphesace blff ther tegesfor 4idhspoftingdusy, @de Wt idrdof tH8tdls ifB8dng an
428 fqQr.mnimzing distortions caused by the recess

ageriire defindne ap gpening threygh| apzossessetion efthp jod; the aperture being
' iavention, h .
B SL A  cE0n LADEL A1 LS 01 o

described in terns a
o iizoidi gebsitrface te genietdie fons fiensaopmlyat sitigle idepdsivadl BGthe location.
claims. For exanple, the steps of the invention can

be perfor : i still achieve

dos| Fal ¢ TPaio eixcd dosiliRP b QLT ABHEH b ordblieg HGygmbly
iPiade DD AR PIRTsHIS20 Bt é0desdrplion @nNoMizel. An ion source
assenbly for |aser desorption mass spectronetry, the

i on ssour I si,ng: ;a target for

rece|3'vi ng@ﬁ%@?&%ﬁ%ﬁ@foiﬂaﬁ%lpvﬁqg ity of rods

def i thendualityi oftreds iacluded maRipbR\odE) cath Gthé nR¥igIsloag
dﬁ%ﬁﬁ g%§n1? surface of the target for transporting

PIYHLS a BltiRple sface spnfigraed oRenpiata muitipglesstectripBelds methe
ifl&{drRbRgnéan openi ng through a cross-section of the
rod, the aperture being configured such that a | aser

beam can %gss through the aperture to irradiate a
| ocafti on 18R1amwurcgagwmbly,ef elaia 3.0vagsmiar at e i ons from

an apal ¥t e SHRhAudGL 35 hf)&glr@fs atlgﬁltfpgﬁear'bh ABfining the aperture

through the multipole surface of the multipole rod.

5. The ion source assembly of claim 4, wherein:
the aperture through the multipole rod has a minor diameter between about 1.0

mm and about 2.5 mm at the multipole surface.

6. The ion source assembly of claim 5, wherein:
the aperture through the multipole rod has a minor diameter that is between

about 1.3 mm and about 2.0 mm at the multipole surface.

7. The ion source assembly of claim 4, further comprising:

a metal mesh covering the aperture through the multipole rod at the multipole

surface.
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2. The ion source assenbly of claim1, wherein the ion
source assenbly is included in a matri x assisted

wO a®enoxesor pti on i on source. 3. The ion sour CECT/US2004/016478
assenbly of claim1l, wherein: the plurality of rods
i ncludes nultipole rods, each of the nultipole rods

defi 1 ng_ayaubd LABLE,SHREIOSE BAN' GHES Lo gener ate

mul ti pol e el’ectric Fertor vol une. 4.

The itemstlimesh dsfeshlpjuratity off apémﬁgs Bl @efing ®AGIn8k linear
the .r cluding an aperture is a nultipole rod

SHER; f gﬂﬁ‘% perture through the nultipole surface

of the nmultipole rod. 5. The ion source assenbly of

cl ai @ 4, \fﬁheriai sourdédessantsly o ckirh N auelRid:he nul tipole

rod has a di aret er between about 1.0 mm and
abouton® O’Smr?Fﬁ %\t{th? ks ingleding pre apayture defines thempertingrby a recess.
source assenbly of claim5, wherein: the aperture

t hrodgh t Menod §duped Bsdnitsly Baslann i GRErefi: amet er that is
between about 1.3 mm and about 2.0 mm at the
mul t ithsoptarabit efreds lwlud%@cpbmt@gmp@ecoaﬁgmw aggklecdtabm

déceléryfeq&g%@%{&ia?%g@iheq Ipoﬂolggl covering the

aperture t at the nmultipole
surface. 13.WD 2004/109742 PCT/ US2004/ 016478 8. The
i on dbur cdhgderesamree assenghlnpfelaim Whewkdrein: t he net al

navi Sc 3! PERad ROYDE oh keGB! %erBBE R i e

apotreby assesdl y of claim 1, wherein: one or nore of
the rods including an aperture defines the aperture by

a regess. Telon of claimi1,
vvherglfn Tr}%é';? chielats§/e ]g‘glg it%?fé’é‘ accel erating

r ods ircendf drghisre d)f e r@d§ﬁ1bﬁlﬁﬁig%ncﬁpertﬂ1%cﬁﬂe% &lte i QR figured
aI OE%the axis of the interior vol une. . The ion

& 138 bpyn pan pass thippghy the anpréwre ahan 1nc1dent angle that is less

than sixty degrees relative to the axis of the interior volume.

13.  The ion source assembly of claim 12, wherein:
the incident angle of the laser beam is about thirty-two degrees relative to the

axis of the interior volume.

14.  The ion source assembly of claim 1, wherein:
the target for receiving an analyte sample is defined by indentation on a

sample plate.

15. The ion source assembly of claim 1, further comprising:
an optical component configured to irradiate a location on the target surface

with a laser beam through an aperture in one of the rods.

16.  The ion source assembly of claim 15, further comprising:
an imaging component configured to image the target surface using visible

light passing through the aperture used by the laser beam irradiating the target surface.
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one of the rods including an aperture is an

accel erating rod defining the aperture by a recess.
WA 2004/Thes43 on source assenbly of claiml, wher ePCI/USI004/016478
one or nore of the rods including an aperture, the
aperture is configured such that a Iaser beam can

pass izhro e angle that is
| ess thanlﬁgds%llé ?o gegéstééé{éﬁyatfa ?rﬁ§1 axi s of the

i nt erthcod)ptwal wmpon]aﬁt indlhges mcmwmﬁrase aifdt ¥helasetbBhdito the
12 rein; the incident angle of the |aser beamis
t%FBSttﬁt‘“ftgFﬁ snd vigiBle lighttoibs Iaging pompeRsIt.he axis of the
interior volunme. 14. The ion source assenbly of claim
1, wharei mA niclipdtfor gaterdtiap RGN hagso@&eada@rm? f&QEQ& e

I s defined by indentation on a sanple plate.
degpldgumass spegEametyy, gre methpdreampising:her conpr | SI ng an
optl t adlatealoa

SR SPRRERI A0S B0 EA A A B
ape r tunmdaamrrg witk a ddset m;rf wﬂﬁ:audrﬁon theenhlgte afiple® generate
senbly of cl | m 15 urther conprisin an i magi ng
aE%‘Pﬁ?dﬂ%% hedgsr D 6P @assing thipyigh ap gaettuge e@‘gneghhyf 2HcePenEigng
th’rbﬁglpa Bross-s&Bbn B2SRL S %Slhfa%%ﬁg'f RS iPRE i %réésagge{xg}f%he
| aser beamirradi at e target sur ace

pm@mw b m@eﬁ@douﬁgﬁl@d/c@&ﬁrsfﬁert tHe?gen'Ei‘aBed analygoions.e
assenbly of claim 16, wherein: the optical conponent

| ncl yges audiclbe 6 Hikd OF e%;;rﬁg{ﬁlhge | aser beam to

VI'SI

the target surface an o the imaging
c onpdmesportirdghthe /gemmrmhdJ dondlgte igeria raﬁtlmtelgoﬂ \Qﬂn&ne Aefaiedibdrthe

Qut ce_.assepnbl. | ase desorption
Pi‘E@Z:W o5 Fféf“‘r‘gg l%ﬁ%‘”ﬂé’chilf%l L%Vd %’Plﬁ sxte{s%@g fVanfiag: 3 sprface of
thdargagsenbly a target incl ud| ng an anal yte sanpl e; and
irradiating wwth a | aser beam a Iocation on the

anal enerate _analyte_ ions, the |aser

bea bassﬁﬁgmﬁ‘iﬂéﬁlaaﬁ 19 Bhersinsthe olyralily of yodsrindlpdasi ng
nfuligIghd aff 0ss-section of one of a plurality of rods

in the ion source assenbly, the
transporting the generated analyte ions in the interior volume includes

generating multipole electric fields in the interior volume with the multipole rods in

the plurality of rods.

21. The method of claim 20, wherein:
irradiating with a laser beam a location on the analyte sample includes
irradiating with a laser beam that passes through an aperture in one of the multipole

rods.

22. The method of claim 21, wherein:
irradiating with a laser beam a location on the analyte sample includes
irradiating with a laser beam that passes through a metal mesh covering the aperture

in one of the multipole rods.
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plurality of rods being configured to transport the
generated anal yte ions. 19. The nethod of claim 18,
wo awosheg74zonpri sing: transporting the gener at ePICHOS1094/€16478
ions in an interior volume defined by the plurality
rods, the interior volune having an axis extending
amay rom et. 20. The nethod of
cl ai é¥19 ’@kéﬁéﬁﬁfgﬁﬁ&n}f deﬁégof rods includes

mul t iipadietingdith aaset bms@hfohtlﬁlgoﬁ tie apelyes ahgle MaRIdys e
‘Wﬁﬁs in tEe i nterior volume_ includes generat

plingeth @laser peam thabpassesi through therﬁpértu@rat%uwfewme that
t lo1; 21. The
1%E§%g%hg?@%h§¥%§4§ah '%ﬁ@?ﬁﬂgpf?%.-% 8%6ﬁ@ﬁ?h a |l aser
beam a | ocation on the anal yte sanpl e includes
irradiating wwth a | aser beamthat passes through an
aperture in one of the nultipole rods. 22. The nethod
of claim2l, wherein: irradiating with a |aser beam a
| ocation on the anal yte sanple includes irradiating
wWth a | aser beamthat passes through a netal nesh
covering the aperture in one of the multipole rods.
15 WO 2004/ 109742 PCT/ US2004/ 016478 23. The net hod of
claim19, wherein: irradiating with a | aser beam a
| ocati on on the analyte sanple includes irradiating
with a | aser beam that passes through the aperture at
an incident angle that 1is |less than sixty degrees
relative to the axis of the interior volune. 16
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