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Fggnment ati on can be avoi ded using matri x-assi st ed
| aser desorption ionization ("MALDI") techniques. In

\I:ﬁlu%J apal yte nol ecul es are enbedded in a matrix,:
| WB?J@ ISPYFCs, e RIgicdes sambe loaﬂg@hyevmtjegiﬂeémqusmg,
eXiEdtaic dl&tﬁq@ﬁﬁ&sy&ﬂasma@ﬂcm Ff SondY S Vﬁegmg aﬁoxb&mgl}le ina

xed in a solvent, ater ‘reno
5%“5%%@%‘-10@ ﬁLDD ﬁecbmqse,taémnb@m typidaly ldel$erddsn

&IJQJM[ | t
ﬁ%g‘fcqulps) and vapor i 2e I ntém %éagr%iw%ﬁg%q%ﬁ %%ﬁg%
rmﬂl'@@m ekhedasays wavedﬂfngﬂi daa baraé}hlytbmdﬁaleeﬁvalﬁﬁealt atdnbldie

1\%@ par{ﬂ%é/ hlg ﬁ??léo‘gﬁégfmﬁé eles form a

afxﬂlmyt”eof mlesﬂnclb@ngiﬂuﬂed andlfte snolRERs ARR Y ARe afilfle »

bﬁﬂolemhésf %glguﬁeﬁté’gftﬁ%%% lIﬂleses such as a quadrupol e Tod

[0004} Fragmentation can be avoided using matrix-assisted laser desorption
ionization (“MALDI”) techniques. In MALDI, analyte molecules are embedded in a
matrix, which typically includes small organic molecules. For example, the analyte
and matrix molecules can be mixed in a solvent, which is later reﬁove& e.g., by
drying the solution. In this technique, the laser’s enerey is absorbed mamly 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 iobs 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 guadrupole
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assenbly in which four parallel rods create a
guadrupol e electric field to guide the ions fromthe
sanpl e surface to the analyzer. To avoid distortions
of the quadrupole 1 W2004/J09742 PCT/ US2004/ 036478
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[ 0006] Enbodi nents of the invention provide techni ques

for generating analyte ions in an ion source of a
mass spectroneter, "where a Iaser beam irradi at es a
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mass spectronetry, the ion source assenbly
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mesh can cover the aperture through the multipole rod at the multipole surface. The
metal mwh can define a phn‘ahty of openings. Each opening can have a linear size of
about 0.5 mm. A rod including an aperture can define the aperture by arecess. The
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B _ an analyte sample can be deﬁned by indentation on a sample plate.
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about 0.5 mMm A rod including an aperture can define
the aperture by a recess. The plurality of rods can
i ncl ude accelerating rods configured to accelerate or
decelerate ions along the axis of the interior
volunme. A rod including an aperture can be an
accel erating rod defining the aperture by a recess. In
one or nore of the rods including an aperture, the
Wap¥HiYe can be configured such that a | aSEFURSMAEEH
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 vol une.
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~accel erating rods for acc

mul tipole electric fields in the interior volunme with
the multipole 3 rods in the plurality of rods.
Irradiating with a | aser beama | ocation on the
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same optics as the |laser beam The nultipole rod
assenbly can be positioned within about 0.5mm and
a%g%{}éﬁm&ﬁfé{ omthe sanple surface to nmaxim ze efficien
ring ions fromthe sanple to the
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BRIEF DESCRIPTION OF THE DRAWINGS

[0013) F‘IGS. 1A-1C are schematic diagrams illustrating an jon source agsmbly

[0014) FIGS. 2A and 3A are schematic diagrams iltustrating rod assemblies for jon
sources.

[0015] FIGS. 2B, 3B, 4A and4B are schematic diagrams illustrating rods for rod
assembhes



[0018] The analyte ions 10 are generated and
transported in the ion chanber 110. In one

i npl enentation; the ion chanber 110 is a vacuum
chanber mai ntai ning nmedium vacuum Alternatively, the
i w0 20bhmdbae can i ncl ude an anount of a gas (epQrus@iu/oics7s
.inert gas with a small pressure - for exanple, on the
order of mllitorrs) that can collide wth and
thereby thermalize analyte ions that are heated up by
the | aser beam 30. By cooling, fragnentation of the
anal yte nol ecul es caPETAIUEDMESCRIPTON t he preci sion
of t he mass spectrum can be increased. [0019] The ion
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transport analyte ions 10

fromthe sanple
- [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, fro;n which the analyte ions 10 are generated. In one
- implementation, the sample holder 116 defines a target plane 117 inchuding multiple

>

indentations for holding samples. For example, each indentation in the target plane

" 117 can havea circu_lar 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.



hol der 116 to ot her devices coupled to the ion source
assenbly 100. Optionally, the ion source assenbly 100
can include collective ion optics (not shown) for

f | ng _ the analyte ions 10 generated fromthe
Q&&gﬁ@”?%”%he devi ces coupled to the ion sourBeTAUS2004/016478

assenbly. For transporting the ions, the rods 111-112
define in an interior volume along an axis 113. In
one inplenmentation, the axis 113 is perpendicular to

t rget ne 117.. Alternatively, the axis 113 can
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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 jrradiate 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, ga R
cleft, slit or recess that is contained at Jeast 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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("W") or infrared ("IR") |laser beans. Alternatively,
‘the |l aser beam can be generated by an external device
and coupl ed-to the ion source assenbly by optical

cable. In this inplenentation, the | aser source 120

cH® Be/1@p740pt i cal cabl e coupling device. [ooaé}mgn,gw,mg
. optical conponent 130 directs the | aser beam 30 from

the | aser source 120 through the aperture 115 to the
sanple 20. Optionally, the optical conponent 130 can
focus the | aser beamon the sanple. In one
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%qf‘?fﬁ"sg S?’ FXiEmay Aorice andiaaipled deithe dordsonptk @ssembly by optical
poﬁﬂbbhﬂhisqmehﬁﬁ Rid 0o
d:;?ectl ng the | asero%eanlwg% i magl%h%gb%%'3 #p‘ia@teicﬂ“?hng
Vf-e light In alternative inplenmentations, the

Iaser beam 30 can be directed without the mrror 134.

' Fd002¢) Thp bptical fgndoas® 30 6RMLEME 1RE Hih:?;%tﬂ’o% thdel e 120

positioning

aﬁl(é_us%stg tic li ht defl ector, or si

O apesire St ghe samply 28] OmmhrnéaeepMmmmt 130 can
e fgbus thi I8RN Y& | c yses .the | aser
bgﬁan {1 the tar&i?egﬁé&?gcﬂ%ﬁ%bgﬁﬁn#&% < ﬁﬁ?q comqBeuent

' Belydsss 4irlensedementi 36, mnd & mmdb&Al B0 A ke Beirror 134

vvuﬁg&y\éng%g 134 and the | aser

source 120. 16%0?)1? E%%@?F cq%ﬁ'%e lﬁfﬁr e, ‘%ﬂ%b%‘?f? the3ep chgpber

i AL} thughdhewindaw 138 Iens For exanple, 7 WD
2004/ 709742 PCT/ US2004/ 016478 a first |ens can be

PRUO2E] TesliRR194 & REfloRaE RAN hE e iARDS O3 NG

after the mrror . I'none 1 nple |on
f fRECETe g deepmisnnlespestation, the jaserrheam dmohales hghm&ﬂﬁndm'\hﬁble

awhed Ibﬁ’gtﬁsf ef0Gabv df M AGES befﬂn DL YWeen:A0Qu) ; isa d11'chr01c mirror

abou
that reﬂeots the non-visible laser beam but is transparent for visible light. The

dichroic mimror can be used to separate visible light from the laser beam and makes it
possible to use the optical component 130 for both d1rectmg 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, €.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
muirror 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,

7



Alternatively or in addition, the |lens el enent 136, or
one or nore other lenses in the optical conponent

130, can be configured to i mage the sanple 20, e.g.,

in visible [light. [0027] The |aser beam 30 is
BOBWA"*hr ough the window 138 to the sanpl @CINIS2004/016478
inside the ion chanber. The w ndow 138 is configured

to allow the | aser beam 30 enter the ion chanber and
to seal vacuum (or |ow pressure) in the ion chanber

e SRS B oot edoreand ot s camiaposiiaied st <
tnaGI3H L T ol Rench J L the wind
Do e, e Pt 2 Pl Mt gl e

;ﬁS can,be transparent to Visi
TS (ithoA ratipyef foea) distranesdin betWisen atiost hil end atght 1:3can be

USREmk '3m§ Q. The wi ndow 138 can have
onl smf ?ﬁl sur ?%dgg%ﬁ g{rg%%aeﬁe%%‘t @gqﬁ PT 8 Porpotherlgases dhe
| epgsel aommonent 3k caw bs edufigutel] gltimage (6 samBB20NAY Cindvisible
c]%il\f_ex surface. [0028] The inmagi ng conponent 140

i mages the sanple 20 in the ion chanber. In one

i mpl ement ati on, the imagi ng conmponent includes a |ight

Belhedosenpramad\ciadizecied t_bﬁ&agh ?E_l&ev;ihﬁc@h 135 uﬁi?:@m%@_o inside
i:sible light that illum nates
RBOMorB b0 The widv 1365 tohuret 5 Hlow e looes hoame gntesthe
dem chanbes andtoised gacush (e 166 fredire) id B8 lon ShhBE H AT EAM
tal&go%%gﬁl; e._.Jn gjﬁtFer.n tive I nplenmentations, the
i‘magrng - corpon “igfg“’ﬁé? ‘iﬁ-FnEGF[Hée phiaspsssilica wr day othdrt r
 aveateridl tHu it trafShafin€ Gl thO THsér id: | KGL

the im % Qf?ﬁfphe sampl e, o?ﬁ%@%%%ﬂ@@%ﬁg
i“ﬁmﬁiaﬁmg Rsiblg Sghicrassragintasandisiub ofthel ionlebatbeag The visible Light
campoaet ] ugh th tical
co onentoﬁ%c;h}]eldgatg%% %%ﬁﬂﬂw%ﬁ Vse.‘ﬂ’g”ﬂ% Aces or
6% PeeAnDEnTes dniomes the taserkbathied/apeisiblerlizh, b5, icn BaveR a8 ex

shyfadear to the laser beam 30, the inmagi ng conponent
140 is able to image the sanple with fewer elenents

m \,nrﬁoul d.otherw se be required, e.g., wthout extra
biA® BrragompAnTEs A Epagesihe sebpl 30 in tad it dhamblr. In one

Bppleinefit@Sor, teliRgei Q&nga&g- ; ty: di stort . the

?l §C rigc fiel dsgg]g%ngr at e g%éu‘?%%hrggg%wﬁ?ﬂggﬁd?ﬁmem
FanShdight syreed2 periddes|lighti b ge visitile light, that illuminates the

sdrphie pRtha ki ; & 1. ce 142 cap illum nate

adrﬁb the c an%? cgé ﬁ% Ig?éf n:aE ‘?@%é’ %’ggga’ Genirafes &1 mage by deteoting

Light reflecting from the sample. In alternative implementations, the imaging

component 140 can provide images without an electronic camera, €.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 iliuminate and the camera 145 can image
8



8 WD 2004/ 109742 PCT/ US2004/ 016478 the sanple from

ot her directions than the | aser beam [0030]
Optionally, the imagi ng conmponent 140 can include a
mrror or a half- transparent mrror, e.g., to arrange
tvee 2hdsghd7asource 142 and the canera 145 such pdpiisoddeessrs
. size of the imging conponent 140 be m nim zed. For
exanple, the light source 142 can shine |ight through
the half-transparent mrror to the sanple, and the
light received fromthe sanple can be reflected by

t Hbe seairfle frommdlpa dieentiond thawthe isertheamcanera 145, In
alternative inplenmentations, one or nore el enents of

t '(l]‘@ﬂ QRELho d‘%ﬁm - i | ght 4
122?3 can ﬂggajﬁggg de 1 n‘écl gﬁa}%‘g'&% H?Bé%%}ﬁ?%ceb%%%f

C GTADFRANNS IS0 e-go bt arrshge thh dightasurce 34l amdahd @@nezn i Steneh that
S ; Ltioni s 118.t i_m an t he
;3D BB LAl e SRR M it B B Mg e
15@2canshinslight dirovigheheialipirthsposit iniger 10 theaapplea indsthd kit
to_nove .t he sanpl.e hé)ld r %S*i]g' ucéH that the sanple 20
wiFYEYS ﬁﬁ&éfhﬁisgﬁ@a% SRSt s‘ﬁ%ﬂ!_ FraspaeEmiganin themena
A46T iedlteyitive itifleme®iohs)| dnd br B8R diddsdnisUiFihd iR o8 S6thponent
Sﬁgrce 120 _and/or the optical conmponent 130 tO0 ai mat

t

-t HEOsHEmibe lighieetree dfrb cambr ingile e ierbamhen r uct t he
| aser source 120 to irradiate the sanple. Optionally
t 80319 The obitendled BY wwatiols GrAhséCsonrcel 120861 Ok sififie poaigig

t Pt LS B P e P ot BARI: ofor SHmBREHE
bl ST math very “or™ _

P oot e Bl Opicaite [488@@“”% PR b sample

i#@}%%@h&@f pample 20 walh by pasitinged dhe fasps &f tholaggr bpam
| : ,

t by Aééﬁfaﬁ?ﬂ?,%@&nﬁ%ﬁ&%gg%sgﬁ(ﬁ ﬁqg%&g cetllhlzg andOPfe obfi&1

sanple is_hel'd in an in sanpl e
h&Pegpnent §30 tpiim gpibe sample. 1WBxXt the conptolimesandustrast thalaser source

a . 12 h nal f_th

oo Bl boLoHAD Okl e opupl3d 50 B ol flifaags of e
olséinple droinnthie dsaging eongoneritd@0 tefaailitareaiting 1 ¢hessatnplel 30,

I 4. 0pl erent.ati o t he incident angle 160 i.s ess

¢ PR D of BB e ope B s RE i e e PR
aeg.dyasingfan hinyseddglicaample. such as about thirty-two
degrees. By having an incident angle |ess than about

S1008) PSS e kO3 S 8 ) W a2
through the apertare 115, where the sample is held in an indentation 170 of the sample
holder 116. The aperture 115 is implemented 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 &ecreasing diameter, toward an
nner 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



[0033] The aperture 115 can be tapered, i.e., have a
decreasi ng dianeter, toward an inner surface 114 of

the rod 112, where the inner surface 114 faces the

axis 130. Tapering the aperture decreases the
NRAWEP™ the aperture at the inner surfacePGAiS2604@16478
WO 2004/ 709742 PCT/ US2004/ 016478 allowi ng a broader
angle for light beans that are used to inage the

sanple. In addition, the | aser beam can be nore

le.th h at d
e Rl o D B o Fns s rapler bur
1 aditian, thelaser®oah &t ROhGre RS fodub@ o e

i nner Sﬁnf%ee 114 in one or frore di screteI?clff%ﬁoql"%'%)l Perea
s BT @atveanplepantations, the aperhae a;:ﬁawnmea coaterbare hole

A e mefhaRr e [0 off it AR Rie® W ghein

[ OOS4JHAAAt t he inner sur
Qréiongflyathetapertird etn lieam'phmehml wamngwa%lelmam

gm%lﬂ%m% M for exanple, in between about 1.3mm
2mm such as about 1.5mm or about 1.8mm An

a;iwre 115 having a mnor dianeter between about
Shthe Appsti purface A, e aphwure i beeandave ammldimflm Bin

CBAVRE Sdlat B Uﬁlﬂﬂd%fboﬁth%r?ﬂsﬁw}gﬁlg[% 2 Uf f (c):lll‘te nBtmm and

view for | magl ng t he sanpl e
s 8B, qwrhj a5 labelit 4 tSomh pmtmut h8tahe Aiia;eﬁﬁiemﬁ h@hﬂa a minor

ar at I di d
\?\Ile nr ?e?éet}wgncée]JB B %ER 'gﬁdé R ‘L‘% e gﬁ(r:*llils");;hoﬁe
cownenidnhaiming f the 3set &aﬁﬁddh&ﬁcﬁh%@@v?@r ﬂnﬁ hr.rnbl%

di st ort 035] FIG | I ust
s S bR tiariohs e e AU o112

dOpﬁmiaup,ras dischidiel With fefdrdie th PR l%ﬁk‘?ggﬁﬁ %ﬂnggc

is a MALDI sanple
d?‘é’rgf?ﬁ\ﬁl et futhseminiamiapithe olestrinfiglé distontianss oI vent,

the solution being deposited in the indentation 170
aW@S:EirE‘IQd ICThstrhtes e shBFEYE6h ihe Iﬁbﬂﬁéo@mam&éa@o‘iﬁ the

f _t.h Ie2 The shape of the target
sp oetcn%%% tﬁ% ?))é‘?]ﬁ]sB g'H%PﬁEHP PIREEHOR: tha paynple 266 2 MAE DI sample
St i pepdsb by G0N e hd billyre &ﬁb?ec'iﬁég ﬂijﬂoﬂ?éﬁg theélofiftion

Zt? q1 lnarounder t arget” spot e ene
g eporited in the indeptation WO and diped Besdosee beamBess simed ata
Utﬁtgfs 61 18D 1% B 20 s..on .t he
gmgf the | aser beamﬁq]gtg%[p% %Eﬂ%%%?t%g tel%g Spsnds g he
gk angle Lol ithegmabier the mpientmtlgledtﬁﬂmha esunddrafe tatddt §H0e 180,
In a rounder target spot, the energy distribution i ionizing the sample becomes more
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 2 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



i npl enentation, the dianeter of the target spot is

bet ween about 80 m croneters and about 150

m croneters. [0036] FIG 2A shows a cross section of a
rod assenbly 200 for transporting ions in 1ion source
awgenbiied; such as the ion source assenbly 1P8;8baWhic17s

. in FIG 1. The rod assenbly 200 includes quadrupole

p—

rods 210, 220, 230, and 240 for guiding ions in an
interior volunme along an axis 205 that points
perpendi cul ar to the plane of the figure. The
quinas tybe¢ wieriortwolame. confi gured to generate a
qguadrupol e electric field guiding 10 WO 2004/ 109742

POOOYA20R4 ' ' b nfar i lu 0037]
Tﬁtg rygd .aséﬁ%‘gﬁﬁﬁggéa %%da}u%% ﬁg%?sﬁ‘r%ég)gz%@? or 270,
angFeslgpiingir deerlesating inbs indhainteriecehmealbmngiht @xis 203) KR of

i ' e al. .t h is 205. h of th d
o0 SR 2 LA BB if A B N meb a0 e P edappacare. The
queeds 2386188 blalishe Fdpe betveelsthe §RxdR8R1 b KaifEine#R Sient room

b L.he quadrupol e rods | eaving insufficient room
fgiioil\%%?lg PYiREE0R 2isAnpie Rgsiionsd /p prnegb e @kis 288 on or

near the axis 205. [0038] A |aser beam 290 and/ or

vi [0 & lesegheanp 990 aubforrvisiinlé light 2851vnee R0 sain@REHsHBBncdRE the

axg angl e rture 215 in the

oo 23 e U B R it bl roe 1 The e 215
ass gupeuataa arcowiteibere Hole. dh hikériilvé pleRBhBARIE AL bRASe
-thﬁ5%£$#§%£e (§15 can be a tgfered or non-taper ed

hé1'8 SHE S HRAR1ar st ol ISy 2B ghoavg adtersphdive view of the
qumddrd B3 200 vkGhedfuihasaper ture 215. [0039] FIG

3A shows a cross section of a rod assenbly 300 for

tr [ ' in_.ian spurce assenplies, such as

¢ HOBDRIG, SAALRES el 4o B s BrveR R A oransyarngdons in

t dont mque aggmblfisnhicg azag ismmfbeiagseﬁb@l 10%11%%1231 Flgﬁ 1, Similar
a i es . quadr upol e, rods (rods ,

3 Z%ﬁlgg%‘%‘“segﬁ’@' g@%%ﬁwm 3@# Béh g Tefassembly 30D incides four

v ghatirepoleiodd\FodiB 18X 520, 390 and5¥h) ff&lé{ﬁdﬁ%#o % '85; %nn"ﬁlgi%{ﬁlg&s‘“’l“m

(rods 35Q, 360, 370, and 380) positi
b 8108 &% 2Kt e anl Toyn additinne] wods Gads 360.,368c 3%), endi80) gositioned

; _ _ 6, v
(BORS bl AN En Bdrup AP Tods il Merdthe ) Beciorpting gt

3¥8Scan reach a

[0049] In this implementation, a laser beam 390 and/or visible light 395 canreach a
. sample positioned on the axis 305 through an aperture 385 in the rod 380. The
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

Tecess 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 acéeleraﬁng 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 jons in an jon source
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sanpl e positioned on the axis 305 through an aperture
385 in the rod 380. The aperture 385 is inplenented
as an angled recess in the rod 380. In alternative

“inplenentations, the aperture 385 can be inpl enent ed
WO 280418¢%d3s in a quadrupol e rod, or a pair @CTUS2004/016478

adj acent rods, e.g., an accelerating and a quadrupol e
rod, can have a recess on opposing surfaces. FIG 3B
shows a perspective view of the rod 380 with the
a£§&§% e 385. [0041] FIGS. 4A and 4B show a nmultipole
ro ' and an accelerating rod 420, respectively.

The multipole rod 410 and the accelerating rod 420 can
bl0¢Bets showndd FIaste il inalsipols bt 19%at 8 it R Rh&1300;

3
. in FIGS. 2A _and 3A  respectively), for
%Mi nghéngﬁ- At Fgﬁ%ﬁémgéf%%l&@r@eh&hmdﬂo

i . . :
e e o B e A e
a 1|

8PS Hods gaveredavigh a metal heshetl B dor minimiriace,

f distoenesass j ' L glds, ~The
mul ?_i piol er o%%hﬁ%xﬁ% ﬁl(ﬁ% %%trﬁﬁ%g%grl%ﬁ%qnﬁfﬁﬂf RERSTR by the
VIRRIEROLS syrdace 41 Be bnangriniplsmentation the thétghbest A8 i shaald on

SBORLRDole EmaPARt ure 415 is covered with a netal nesh
418 fof mnimzing distortions caused by the aperture

ﬁéﬁ?ﬁl} theeégulti pole electric fields generated by the
E&F EPedtiPRegk geles openings Hgoughphleiea laatri team ok Misible Light

reeh LS = el { [.t1pol
ek pls ek S Bl 60kl DT BRUF: s
CRFYRE R Size df abart Olfemm wrnwbtherHi thit@imalRARaDaSs Size

i i i st i | th t al
g S AL, T
Ghanedppesvingsn yin eltdrastive impletdeathtidns, B8 Blel bR dehe (%.eﬁiﬁgs '

he

st ture, 415 at the nmultipole surface 412.
gn%?gl m?sﬁgrﬂ%%f’ﬁ%’so%ﬁ%@% shaped openings. In
lternative inplenentations, the netal nesh can define
HEA] Ag showip i 1Ge 4B ahy atcalerating ral 428; which a0onBRed to

Ln .Fl G 4B, the acceleratin
BT SO0 e Bl B e 85 bt
fasehegmfapd/on visdlielightt cagiriatiat: sainbleh. URSTedest S8LR SoMAR with
H@Ea‘?ﬂrggh éi‘:.?,‘é fo? m"ilnimizing distortions caused by the recess 425 in the electric

fields generated by the accelerating 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 resulis.

[0046] What is claimed is:



| aser beam and/or visible Iight can irradi ate sanpl es.
The recess 425 is covered with a netal nmesh 428 for
m.ni m zing distortions caused by the recess 425 in the
electric fields generated by the accelerating rod

420. [0045] The invention has been described in terns
of particul ar enbodi nents. O her enbodinents are

Wi t4h) he scope of the follow ng clainms. For exanple,
the steps of the invention can be perforned in a _
di fferknt ocknion seuvek sstenibly fac hise\desalg®nnmedst ectesishry, She ion
[ ' kaimed is: 12 CLAIMS 1. An ion source
aggli%b]@afsi\é\nl?foyr&)@ I‘s;Jé "desorption mass spectronetry, the

i on sourgserlasdantyciyingembyté sinpips; aadt ar get pl ane for

receivyj i | es;. .and lyrality of rods

def i ni %gﬁ?ﬁgﬂa‘#ﬁé‘% %"%@% ) ﬁ%@rhoav?h%eiﬁwg& r% a’é‘?(F’étﬁ‘giH«‘Fgaway
atwem thef tpngen pldne fdr amagppbrtipg BN ofio6r theranbhe rdds HGubiag sn ageRtre
o] of L. r i ncl udi.n aperture defining. an
ol peh R AE o BE- 4EHPT 8F B PR e s oot
apish that @ labaibegn confabsgtoegh the agdnuteha frradiateasicatibe ammnhe adiget
Pas - r to.irradiat | acation on
RERe A b BRI bt S Tl vt o
sanpl depﬁiited at the |ocation. 2. The ion source
assentfy of ¢ §ppeEe agpablsiof clape 1) shesigube iongewenhisgmbly
| 18 irlchdéd g @ehalrik A3sift@ ideXdeBslichliSflsobRSer desorption ion
source. 3. The ion source assenbly of claiml,

wher eign: t i i nel udes nul tipole

r ods, eachq‘g?B%lggeﬂr?ﬁ%[lng%loge’a%%dfsWg‘fe’r Phi ng a mnultipole
sur f adke dwnlity ginoddintlodeg mnkipalt ecdsehtti of teametip@ba ibdsaiefining a
fih&kiose 4 i I Vol : . -The Jdon source
assé%ﬁo'? %/upfg%é%grﬂé#}rﬁﬁéé & rélér%glg] ﬁﬁmgnegec@fclkaq%mﬂge Eéémr volume.

i ncl udi ng ?H _agerture is a nmultipole rod defining the
apert(re &8t e REsembly of geme. heeiace of t he

nul ti pat 6f heeods dclulihg ah QPerftdis GEmASREI L YeSfingd @ bBriire
_\r/}jher IB‘% the agerture through the nultipole rod has a
TOBED Y MAEPF Susiaes s middnetered.0 i nto and about 2.5
nmm at the multipole surface.
3. The ion source assembly of claim 4, wherein:

the aperture through the multipole rod has a minor diameter between about 1.0

mm arid 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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6. The ion source assenbly of claim5, wherein: the
aperture through the nmultipole rod has a m nor
di anmeter that is between about 1.3 mm and about 2.0
%gﬁ#ﬂt he multipole surface. 7. The ion source

i"&?”ﬁf claim4, further conprising: a nmPCAVUNIeRI016475
covering the aperture through the nultipole rod at the
mul tipole surface. 13 WD 20041109742 :
PCT/ US8004| Bheiongoms: asseebly ofvlaauy, smeagsemdl y of claim

7, whegein: al mesh.defines a plurality of
openi nfghg ’nﬂ%t%]tgﬁe%g ge‘é]ﬁi‘eﬁ ﬁgﬁ“é"giﬁh@i“é’eﬁmﬁ% &#ch opening bvirgrlirear
058e pfaboft 0.Fmemi on source assenbly of claim1,
wherein: one or nore of the rods including an aperture

defines th r SS. 0._  The ion source

asserrb(lj"y of g#%n&&?ea%%e&%gf%%%eh felF ity of rods -

| ncl ude aioont of ke o inohidinseR bl REGLOIRGHEREL A £ 0L
or vol =™

decel erate ions along the axis of the inter

11. Thm.io of .cl.aim 10, wherein: one
of the rod?%%gglf ugl n?%ﬁm poglg{aHPé° ?vg]erng accel erati ng

rod debe plurity bfrodsipeinfesraecelyating r6@&:LHRfipkad to HaB1R0 or
S, - f claim1,. wherein: in one or nore of
t%ggg@gﬁﬁgp%%ﬁhgﬂmﬁﬂﬁggﬁg?ﬁwa%e aperture is

configured__such that a | aser beam can pass through
t he aglértur@e&n@mﬁeﬁsﬂembbtofalagheo,t\bﬁeiﬁ:s l ess than

Si Xty degr8RSod:8l Al dve, L0 the . axis of the interior

ol ume e 95 R Spds Sl BehtS - ih gl e e ning the
VAPETUEE BY 2@eesss. nci dent angl e of the | aser beamis about
thirty-two degrees relative to the axis of the

i nterigr vaheR somte assBEh) urce assenbly of claim
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such that a laser beam can pass through the aperture at an incident angle that is less

than sixty degrees relative to the axis of the mterior 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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sanpl e plate. 15. The ion source assenbly of claim1,
further conpri sing: an optical conponent configured
toirradiate a location on the target surface wth a
| aser beam t hrough an aperture in one of the rods. 16.
The ion source assenbly of claim15, further
conprising: an inmagi ng conponent configured to inmge
the target surface using visible |Iight passing

t hrough the aperture used by the | aser beam
irradiating the target surface. 14 17. The ion source
assenbly_of claim 16, wherein: the optical conponent
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beam passi ng through an aperture defined by an opening
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- rods includes nultipole rods and transpo

thegeprasted aalyiedansyt e ions in the interior vol ume includes
generating nultipole electric fields in the interior
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rods..

20. The method of claim 19, wherein the plurality of rods includes
multipole rods and

iransporting 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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irradiating wwth a | aser beama | ocation on the

anal yte sanple includes irradiating wwth a |aser beam

t hat passes through an aperture in one of the
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