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WD 2008/ 013442 PCT/ NL2007/ 000180 1 A MJLTI PLE BEAM
CHARGED PARTI CLE OPTI CAL SYSTEM The present invention

WO 20080e841 0 a charged particle beam syst em sucPCENL2007/000180
el ectron beam exposure system scanning and
non-scanni ng el ectron mcroscopes, and the like. 5
The current invention presents a mcrolens array for
generating a plurality of fiocused beanlets or
focusing beans with different incident angles in a
charged particle beam exposure or imagi ng apparatus
wWth zero field curvature, mnimzed geonetrical
aberrations such as coma and astigmatism conprising a
current limting aperture, generating a plurality of
charged particle beamets, a lens array aligned with
10 the current limting aperture, for focusing all the
beam ets into a flat inage plane. It solves the

A Ngﬁﬂgq;mﬁ’é ARPHEIAR GIEP S A BICR EPOPTREAL B YSfTHMCUssed

eanlfets with a mninumof aberrations in a diverging
beam system such as in nulti-beanet inspection
systens, in particular desired at a limted source to
t arget prdicat aneation eklars to ianctargad partidie dehmt systens kichsss an

elec I‘b{l %Qﬁfx {5' sure/ %IS\%EH s&ém?f%&ﬂrr@ﬁ%aﬂ_ﬂlﬁg Qfe@l%r?ﬁﬁcrb&opes and

roni i cro rication and materi al
the]élé‘? ence demand an ever-increasing spatial resolution
and throughput in charged particle beam [ithography
an dFHertﬁﬁ’l%ﬁi {rR®nti é‘é@fﬁﬁs& 8 maikro3démgirey fen persystingna plurality of

focu(’sﬁ(gf eté) Joe t%f%sq beRinb i) qm#f&’éhtt Hcakah F&H%}es SiﬁW? rcﬁ!arged '

par st ens turi
partiplg tbPaI@(ﬂX@ﬁWr%r?allg}ag%l RP2LA5 5y 8’& HE g‘%ﬁ‘“&%‘i‘}
geotnetrival sieertatiens swhtasawinet awdyastigopaiisreneompisingya CHEeH ag@tmg
apeftf}€, JHePeH'&Q Fh%luf&flmﬁ@ia&ﬁ@géd%hﬁdw beéanlea M 1&g sinentligind] with

the gl\él%l: Co%\% agﬁl?urg,efol?(fg&v ‘ﬁ‘[gl‘jalf‘ agegﬁ‘d&%;tﬂﬁg ri‘fatflh).% éjpla%e It
solvegitthe | rrablemf of o t‘bé&ﬁ?fé?e ﬁﬁéu@WeP |fﬂﬂlsﬁﬁgr‘ﬁe Sttwéﬁ‘ a
minfmoim af chargéhspar ti divergéry bt:amgsyst@m, cawichBys in multi-beamlet
insgePfi&iP ?y%énﬁ’sg i ﬁﬁﬁﬁlaﬁﬁéﬁ%dtajﬂ allingitddl s%'ﬁrc%&ﬁ&&@%ﬁd@tance iuﬁh as
can focus beans wi
in acﬂ“ﬂf %ﬂé’ﬁ'%/et’lrﬂﬁﬁ ?lﬁlogﬁa@%ggy%m omb bl ur can be avoi ded

as di scl osed by Appl icants earlier patent publication

Badiol-6ghdiereafter. At the same tine, a tight control of
f%e off-axial aberrations is desired. 30 In

J P6TIRS [2@%ess) RO ODRIGIS teomibs,) . vgrofdyicatioe hansl Dmteriad) science
den%%ﬁl a@%ivleﬂ-ﬁ%ﬁiasﬁg sp&i @ésbﬁiﬁmﬁ&hﬂltt%rohgﬁiﬁltm thargetipartde beam
oS il CEbA I Beben SHb St o copo
lusana oy earmheutas%eaenabtcaerg (s Foup DOIAROTARIEE multi-
beaRCTHNL2OOMAN0GRR0r Rukpsrures eyre tunden dgyelapmenpoiei solya. the
conya&i R) 'rE Lﬁfbn‘ignt§ h?o GhEERR! the | tikdughputapechaticed paftictd beam
systgm&I % ouil 8'11 it %{z:v%%re% 8'1%1I & exp%s&@cfﬁ? 13985%1&*1%1&
reqeipesi Bigl usgx@isnoti @nly rilxé?l’pb’étl @lﬁ%@ aali b ﬁ’é %{ag‘fergmg beam
emi@de fromh la@hafeed pafticle exitdhg banse Byt mtdodusingiarteds. arfyt that can
gen@fﬁ% Lacﬁﬁllaﬁ& PR 8 BN, 3€! 8 Fochs WREME Ghitiifferent incident
angles Coulomb blur can be avoided as disclosed by Applicants earlier patent
publication cited hereafter. At the same time, a tight control of the off-axial
aberrations is desired.

In JP60031225, JP60039828 and J.Vac.Sci.Technol.B 4(5), Sep/Oct 1986, an
electron matrix lens with reduced aberrations is disclosed where the centre of a
current limiting aperture is shifted from the optical axis of a lens associated with said
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5 means for the field curvature for each |lens, by

changing the focus using a correction Ilens matrix.
WoloMswEX42 t he asti gmati sm becones dom nant w t PCT/NL2007/000180

i ncreasing incident angle and eventually restricts

the maxi mum i nci dent angle to | ess than 30nrad, thus

t he throughput of the systemis limted. The

apetrﬁ‘&é“ﬂ t191fum% g@sn? bﬁtl %?tl{eecﬁl ehtsﬁr‘ﬁ]ﬁ &(Ij\a}eﬂ)grt{tu% &hich
is iy dﬂ/aoé%b"i% s ﬂ%ﬂ SRl ARl appigie, which is

-syrgipetaigal dong the O@tlptluapcw, istip a poRitiop cassin hedotabatsrfatiomfer off-

axiall 1Rk 10 bbrmRAGmEe Idns bﬁ@dn@ﬁeMoﬁamsed@%sésh@ le8REction
me%ﬂssﬁ)k L He@d theeh 1 ?\{Ef g%ﬂEﬁé %o fhel A8 s? ég A6 ¢etion

1 oe not cat e I on O
eng [TAELK awgtw ISEshrepmes &Opwnsérg fh incieagingdpcident

angle apd dm)éuaib laﬁelptsathe orsimymhendiders angle torless tham B0muddathus
the emb? SR BF theGsHEXeAVIE Qilélﬁ/teﬂ hTﬁ@ﬁ]P&S?g‘hn gtg()f:tﬁg s%/sgeglg' Esgﬁ%o:]féstncted
duet%% Sn]i"{hef lﬂ%ég%'féradftﬁ’e @ﬁl s IS%tﬂ WE@ the curvatur egof

t he Iens pl ate | eads to undesired englneerlng

chalnl Bi{g094/08A0 Hdin the anaimaci SApphichntge ldnkb atray fierning @ @lurality
of ﬂicﬂﬂ-ﬁ F)é%hﬂétls lfrdrh @ S9aThR! &oh@ b@ﬁtﬁ%@ Qﬁsckﬁe@ Flgﬁ‘fécﬁ)’& fhereof

th t
cisbies Rpiipheks PERREGImpR of U 1Y i et sk iinnee g the
Posgtqﬂayf éh% eéFOiIQB%tmlaﬂt e ity respech tpathe heam. clor prsiar to reduce
aberiativns, niye laseist in @ gdrticidiruerabodiienty doAcdvld Sw1th respect to the

souPdébslol &at th%rbff axiaPHEHMIels ‘%aﬁga@th@ Ipﬁsazﬂaﬁ o%?ﬂ Es In this

tion rt.ic
SolotO"“?% ftvafurs o 2Tk otk Teac8 o5 sRREAiTeg pridic? hges.
Alsgg draézvbc,aekﬁc isludg) thot desimnags eplanenfarhall tet beamlstsiid pdent in a
conpaneldi saficenwith Srekpect Sto athb Ugdube Fkfhest  VEffRdulty Néxists in the

ahgnfﬁéﬁf‘%%eﬁ Ihé §as! RfayBha®) t‘ﬁ{aﬁgf Lfﬂ’t@r&’; ;np f:?c% tfn% Elll'xlréﬁt limiting

e R e e Sng @@ﬁﬁ&@%ﬁ ieaftopKstanghidp be 9 plapsr suriace.

publications. It is also an objective of the present

Surha®y bf Bk Infeffi6ft € @ flat image plane for a mcro
| ens” positioned in a diverging beam 30 A further

objledt a patiofilat bigjectimesoftpresent mvémiion toirgdlise atthierd ¥A¢ Sructure
as @Qﬁ{céﬁﬁlhl@jﬂ&sélﬁﬁed hhge fa&@rl éaﬁﬁﬁ’ o ?ﬁ‘lﬁm%ﬁ{)@y Anot her

Iﬁﬂ G b 8t e ¥ ehriohdo Sealis o eimg e dapringlar
lmPFQ lgnssginciae Wlthhreatteq tsatb@ lensestrictiie ofi digclodedrigde first said
JP mavtitatedne. beam 35 Again anot her objective of this

' nVI?fbt dl%‘aﬂ Shib Ne'mrtﬁ’é’ egéﬁ? 111\}%’{1 W&E%tgfa ffa gﬁe&: ¢, Plane for a

I‘tl C beam another o

a
Hﬂc{‘%fggp?ﬁ}g <4 aldévetr%mﬁ IPol t he uni formty of t he
beardurthegpbigstive ofvls inyentiamaisttopaimimize thérnege aberrations for

thefd@llmttlbﬂﬁﬁrayt he present invention relates to 40

ﬁﬁ:%rpd?ﬁr]métfderotoﬁﬁé &@éntf‘éﬁsi & ﬁxgprg‘% 'tlﬂee%sé)lﬂtl?% %f mharged

ent
P@‘ﬂwﬁ R GBR0 (FRASOE AT o QUGS P AL AF st @y éihgqﬁgmg sharged
Pal'trcéfdb@ﬁ@d by a factor of thousand relative to the prior

ar tA g keoth@hi&dtive OF Ui Svehi@Sitstth Mptdve $he Qﬁ‘&@hput of such
charto88 H5A1MR: 200 5(6%3442 PCT/ NL2007/ 000180

Yet another object of this invention is to control the uniformity of the beams.

So as to meet at least part of these objectives, the present invention relates to
charged particle optical system as defined in claim 1. With this measure according to
the invention, the dimension of the effective electric field height is reduced by a factor
of thousand relative to the prior art micro lens structures, resulting in strongly reduced
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chance of effectively having a beanl et passing through
a lens part with strongly sub- optimal conditions with

WO e®poci441 0 | mage aberrations. Though it coul dPEEND210%/000180
be possible to optimse the nmeasure according to the
i nvention, such will be perfornmed by dinensioning the
lens with changes within order of the new |ens and

chﬁf:é 6f Effé’c%vE eﬂa%r% 5b %aessmé"tllnjougl‘? ﬂ%ﬂ{ttyt) ) s{rgr?gly sub-
pifily ‘é‘F@H{OHF B koo toatniis, sbeprtions ptvehan ccetﬁé perhaps be

' POSﬁﬁ)éﬁsm eptirpise theameamen accordng W the mlvr@ntwpr sednwill be performed

by timvesioning. thd Teds iwithedhiah @R, wittin arded bf R medl 1@1@@5@1 dffdtive field
sizd, hﬁé e@fn #LH8n" ﬁfﬁ E¥he Br c?e? cﬁp{?ﬁ’i'}r%"t %nfaﬁﬁ%ss s glaimed, totally
dﬁ% rlatgn(g a ltcégo nVa%use té%% h
R £0G g e Brip ¢ CagTFBfldNe hope akeRwith the
pregang inveniion. char ged particle beam systens, conprising:
a) - acurrent limting aperture array I ocated either

bet of &5 Rndil ¢4 agﬂﬁhé %tfo%t[) %ythextegf a1§<9 é:l%te%J gq tﬁx?ep%arratus for

di ver gl @r;] eamin
gen&F?élPéead&g‘miw of do C%%%ﬁh%rgg pariclp) e@nrl%tﬁsorafpfzwng beams with
differemp mickienganglaslio phzhrge@pa:rtlclleénmm;qys;temﬁ aouprishe: bean et s

Wy t 8 cudr ligligns apé}ﬁiréj Bithy RRACE ithdH vRfcke Rr AEr th€ JedsNray, to
oolf ) e8Pt Cfien | B0 PRSI o P, et paptice

$%i cul ar i nci dent angl e such that the virtual

Bpex tlemsearrays coyprivingi 2 gilualigngf idmseopd ifoals e deanldis Sith

dlfﬂe%@hft@gjegpgﬂg[gsqﬁg ajlglaﬁéwe l ens wit h r espect 20 to
es rrati ons n

£l D SHA R dpuie et SRR v dons i e
enb 53y for @ hegmigtpyigy a periculan insidenp englp puehatbiattiiel wirtual aperture
is syitnindeitridahgloh ehe ﬁtbtmel gtingnd w loeiied epmﬁﬁseal il ﬂﬂﬂbﬁ‘s Wik F&pect
to rwlﬂﬁh‘cgtsélfeﬁ‘aﬁéxﬁ% tﬁ$ hifolt nﬁ‘? ?I rify ot FtF ed PUi{fce of

targe Further ing s arge current

per_beam et is in 25 accordance with an insight and

purlsdhis WaYdE s pessthle teeimpreeeihe thraughwit by nposnally etilng the
d1V<isrgmgm:1mdng ehtired Bedni at scwcd Qﬁtheﬁﬁﬁcﬂeﬁmﬁeanlﬂ@tél P& area on the

surfibQign Sd ﬁ.ﬁrtﬁe?xtn@k qravﬁ'%e Fﬁfﬁ'&:#&ﬁpgf%rég ré Q%Q'ﬁt \ngr bﬁanﬂet is in
acc?%%ﬁ%?‘g{%ﬁ% n g QU BAETIYIRg St PHERS dYFeLiDy pBssible by

mingizigge el ahegration fer Wholﬁnfa Hdaviag nomisniseddtheuotad mf abeumations
allons fog dadreadinge theb¥p@thg! 9h1e oft HdeBlBNThRA ﬁfvoﬁﬂﬁ@l 1ncreases

curxleﬁ\!1 %ﬁ§o ;;Jémf%ggn& rb? tﬁ‘é F@z%nleéQn It%m% nrbéf ggpﬁ%ho%‘g %g C}ng%%t cap be

Con{rﬂ ushing 4 Pafﬁl@etéﬁ Pf@ﬁtler}SPsrﬁnttf‘?]bméﬁ’é'ﬁY ure is
accordlng to invention preferably fabricated on the
S aﬂlﬁ aBleath®didger) thé @ﬁrréﬂﬁmﬁlhﬁ§ hpé?furé Beaﬂgﬁ&i vxﬁtﬁ%ﬁch lens in the

C a _separa
cur r gn:ﬁ? i rrllﬂéJ o ﬁHmJ?n a grie bsogf?orglﬁlgd?q ﬁn\éenftllo& preferably
fa rﬂfiaéf‘él elhe éﬁme@@ fa«m Pléhqrﬁlae farsaﬁéth@rlast Avseledirogefait gan be on
a sdpamis plags. Ther gmmﬁshrmtmmmtﬁmdle misitiohed suirdf feld fred éspion,

whiff th%hﬁarﬁéttéxr dre 12 ?r%héﬂ&? Etgﬁﬁfé Yhige Y of I?ﬁ:{%ﬂﬁuﬁé’ bf use surface

e R A L N

in PQIF#CH&?I a3 hivgction phity diglanesiodhe esnirerdihd lensatay: ay
conprises of two planar electrodes, 40 which are in a -

S eﬁﬁraafdrﬁ‘]@r Qfabbedn! ﬁ%nle‘ﬁs taﬁf@@ cgﬂ‘g)clggst g% w8 ﬁﬁal% I'E?ecttl%ﬁes

ect.r odes
whil} B8RO EniiEn of Jesd M R ier s chiamisens. hs &vo elfcppdes arc
alignegowish sespeesde saclr ethein d'he 2o, diametessyin benerdl ambaerhsize, in the

twotehscolst@sge die tdige, @he Ghiatielethah @hd ihidkhess of the electrodes to limit
the lens field from penetrating deep into the lens holes, alternatively denoted lens
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the lens field frompenetrating deep into the |ens

hol es, alternatively denoted | ens WD 2008/ 013442
weEQDBALRAGD 7/ 000180 4 apertures. The | ens si zePCT/NL2(02/000180

speci fic enbodi nrent of a cyjindrical opening, the

di aneter, increases for off-axial |lenses for field

curvature correction. In another enbodi nent, the | ens

apeui@Y T9RMBhS $88, H 1 SietflCeMbiiAentLEG! %{fﬂﬁr'caﬁ WA
. at | east t efe thy nmacr o- el ectr odes TPty e
dlaﬁ}%eri G a%e\gﬁgrs&?% Epf%tfor ’Ié‘igg CHVBHEe FAEEHAB same or ]
hi gher potential as the aperture lens electrode, while
tEl heln m&flh)&?fbtﬁdcﬁ@mélﬁﬂﬂlehéﬁs @rdy @isprise®be Alsirdle f)l‘ﬂﬁf%& d18&rode,
N i : as .a.lower .
i e e L R B o
€ e&ﬁ% M5 Ng FATE PR Potendiak g thes APSIES lang eclgaiiodenwhide the
secgpd elegtradg leps| adhighes|potsmtialithan dhd first eletthael embthiitkirdl electrode
has;‘c 4 lowet Qoeetigithat ihe GeslR@R1ddMrolS. Tﬂéedibxﬁgnh%r ?P{h@%aid}[d%eﬁure lens
: e Vi real i the fie
s 015U UL AEURFLESS 36, Lt I b P o
Pelggé‘il%a%eﬂ lgﬁg ﬂéﬂﬂeé% {eioli% Inppefurthpeelabprations hgving realised fhat the
fieldt penstyating firoph dhoffacaxelatirajesrforme thenperituretlogs effect in the
.ap?@&f ‘Iaﬁi Bole€§ ke ﬁfdn@%h of! tgea P’g@&ié&’%?{fﬁﬁre ll?églsrsiﬁ“{ﬁeg%ee%tﬁlt%hlerrl]s array
=48 ok 0l R PR e L O o
of thg ceptral depsafn thinyan byusingathe farzendogal 1prgik eisthe DS aia lenses,
theffiedd duyatuwvaisuccerecedcbe.rthe iimage plage ist heupliveign HpRAG &ififace.
Thd 116440 llianhdé:0 plefBlaBRAknPaHsEAGEr Qfﬁ——?ﬁﬁf §5e S BIEi&Y cprvature

corRL8 rably increasés for off-axia enses for f1el

curvature correction. In yet a further enbodi nent,

the lens array conprises three planar el ectrodes 20

andnt ye¢ aofpethemembatitend, ithie Iehs grrayp €6ipfisesi threfBfifhaP Bledtrodes
andS BRAbASEn P laALR- lithithel g%é?ﬁlre Gi% erﬁ%d'eo 5 3L %’e gﬂ&g.d T'h? three
elec%ruo?re] a vvg% t a} thg C trgjﬁo t et ea{m specifTic.
COGUTErHERt 2RHHICe T L2 WaYy DG b Renticeft the Beang it a specific
incigpricanglsdpassaidrayighethe enttreof eavh dhadtrode.cFlis sizs of theolens hole
cro®s. gpetiexpe.gseqieddyd aydi anmietdr, id prefdri19 ARy 1aRRE Gor off-axial

lendeR F &S e1d Qﬁrvgt%\‘;é&?ﬁe@{ionl enses for field curvature
correction. 25 In yet ‘a further el aboration,

irrespective of any specific enmbodi nent, the Iens

hol ]steﬁlﬂ_eful’fh@ed@i_df&tm b‘ae_tsPeczﬁrvecﬁ rang speafic embodiment, the lens
holessdré gt !e&lptichlt fok smiuﬂoh lof abiEERaf, U0is b tH19t&Fect tHBE noted
t | ] : . eal UJ.es . .
i gé;rg%?%l.l L R gfcrblT) SRR ERR qr notiyhis

O MY REFOMBHeEr each type of lens array, different
m cr of abri cation process flows have been devel oped,
ai TlZdﬁ @aéH tybk Ob 1Rk Qﬁb.'ﬁ_tdliﬁférgyt I%Vmﬂ:‘i‘o_ fg@ﬁi%a?ignl g(gt%asefsl%wls %agv(f been
r e I ’ .

de\{ggg) e&.2 Eur l%n,%tr %l&ﬁrpggéﬁélsvéﬁtaqdn@%ﬁ :T%rﬁ Pﬁi‘érﬁ’la?% ﬁfgﬁt dgteily of
whiglh atg 1ot degraibed bgrea Euither: e Fresenbiniveetionyaey ghierpaigeely also be
defided aninttheofodlowditg, faragcaphed éefinitionsay With linited | ens

field: in case of a two-electrode lens array, the

¢ onne TP RIbaP AT ol Bl 2B ol b e o p it
arrays thg separption betweens Hup glectrpdessisdessdhan difewdems of ingcrons, and
the mmbbrerdiameter, in case of an elliptical shape, the smallest diameter, is smaller
than the thickness of the lens electrode; in case of aperture lens array, the lens
diameter is smaller than the thickness of the electrodes. In this way, the third order
aberrations, especially coma and astigmatism, will be minimized for off-axial
beamlets.
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than the thickness of the |l ens electrode; in case of

aperture lens array, the lens 40 dianeter is snaller
wo b@w/o1de2 t hi ckness of the el ectrodes. |n thi SPEEYL200M00180

third order aberrations, gspecially coma and

astigmatism wll be mnimzed for off-axial

beam ets. WD 2008/ 013442 PCT/ NL2007/000180 5 The

fi r"fﬁe Bt grdei 'fge;odcmaﬁr?é @reetodyfonga E&%Qﬁst %@r bMEixial

di :
boafiiShs G CTREETEHEN PY JhGReRe Tdogpp °£ir%Pf¥p A5PAL Tt heles, g that

each fears of dwdbny arey fofusehe beamlst airthasanogirgeplanebeant et at
- the sane inmage plane 5 For the aperture |lens array,

al tRgnal a}ﬂ?lltﬁ/re 16Cartdh erﬁlflﬁ\yeg’nlfﬁf flganc&s {6 G Bebrrected

by a%cevg e TCES, CEREOG5S (AFDE A 150 ERETUIFT PRy ppfpatial of the
firse Ineecto eltetrode tlxasame rorhhigher asathat [edt the fapetiercalsns tagap. This

coﬂfi%ﬁﬁatl@ﬁ rlé‘éﬂs t-Bha SurvedNdquap@emted ﬂlﬁ@dfn f19n@oF tiev Bfbrture lens

arragrq;% aglq ceu % t | ‘&g?al ;ng}H{lglnélaﬁ) léa 8paer1tnldﬁ$r lﬁﬁéfﬁire lens
steepgibcfer s Gft-wel Ieapes-ibeh i of (hersentie) lens érrg%t foway. fe field

curodthreaah &k cberarged t han that of the central lens, and in
this way, the field curvature can be corrected. The

at us nenti gned ve can er_an apert
| en APIRRIAHS ].nileélaron (ﬁ Iaﬁ%‘ﬁ:t can Pr? 1t§ gr %}1 e]ige%rﬂlre héls \%{tﬁ shifted
curgsng v R apaTEes, éﬁgromoas@dmewlﬁm arrenmaﬂaﬁé @ SPI wafermr a
twd slectelde ahicodshsrimay bl ®oadiag vhywdwafeendi ng of two
waf ers. Alternati veI y, a three- eI ectrode | ens array

e _us for g urallt of m et s
focolfmiidung Whehariodi i Fl Guh el ahastathe o
plugdbiéy o%b@nﬂeusemtf@mee beams wm@ﬁerqm srmden&anﬁw tihgre thedens
ele@yles are0dkelred ibaanh passetat tHeoseghre tdfieh® Bete passes dirough the

cenf ?&C& @Jcﬁcélécqlq) -ﬂlg ffél@lcgr\f!ﬁé/ ri’ e 'EBM Q@d (B 151@1%'51§Hi’g lens
Ifipit

easln radi us t he
o S Wt S s %Meé e pfpd 10 correet
astigoratisot In thstqagamhq awent hmithngsaperiese, is tlade ey arsemrate plate.
limting aperture is made on a separate pl ate. The

C ur "i’?%t:mjfé %rhﬂlgg %ge?{ug#rsﬁﬁi 13%}3&41 &Ef éé'rg ag§ Eﬁﬂl%{ &rlﬁst lens
cleglfpd epfigcBade o war%rpleqehg arrqurn 5, ARG & (o, with optical
lithoptaplyal Thel durteng Henpiinyg apiineresumengioned imihei abgvedefinitioesis in a
fieldBftbd @8 anlury tliﬁeuﬁgome K8 ivdid |d@di§eté1‘5 shfll& tHanettd Eeegode

thl(ik%lgéso B ¥11 Aet éﬂge cnﬁellrtq{}%&g él? ? #hafiggghqu{orﬁ%?ﬁ]elty

elrectro hi'ckness curre
Oquarﬂl?tlcﬁﬁe@éerture may change for hom)gene|ty of
beam et currents. 30 Drawi ngs The invention will, by
DrX% gf exanpl e be further elucidated in the foll ow ng
&di ments of a charged particle optical system

accPhdim@ntitn Wi, BHvaERE ekatisle teCirther dludiblated in Hedlollewing

em odl eﬂts%?@eé%}e%e‘a ﬂa%lléaé to@t%dl %9%@1%1 RS, gt%thp trgérﬁl ﬁve‘ﬁﬁon

si'ng ens sy em w
h:y beam current I|mt|ng openi ng; Figure 2 .
i | | Hiztireal @5 asschewated dhistraithen off & charged particker er kghdaupsig beam

paseingRABEH el witha lending abeadtE SRV IBgdpehinE! ed
apefﬁgﬁ &2 {llustrates a two-electrode micro lens, here created by bonding of two
wafers, and showing a shifted apertures;
Figure 3 represents an alternative to the embodiment of figure 2, by having an
electrode produced of an SOI wafer;
Figure 4 schematically illustrates two equivalent integrated aperture lenses
with shifted current limiting aperture;
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Figure 3 represents an alternative to the enbodi nent

of figure 2, by having an el ectrode produced of an
wealosmefser ; 40 Figure 4 schematically ill ustraP@ENL2O7/000180

equi val ent integrated apertgre lenses wth shifted

current limting aperture; WO 2008/013442

PCT/ NL2007/ 000180 6 Figure 5 and 6 illustrate

enbeg fe5had @ﬁll@srt’ra?eo&ﬁﬁé’cﬁﬁlehtﬁ%? aﬁrabéﬁ‘urg @éIE'aElFag %R:h:d with

th | ustrai
%h%?w CHS el At Bsatrane Houking i hligpiefufichpes. and

thetr@qmmmnd dp conrides dhresaae atiike losatian e lews ai“rayens array;
Fi gFigrd’7 iilldststes at@isrodeit ol 1ensavitz siftédelsctradel; shifted

el e‘l“"ﬁyéu%j% 111]11?&5: %&Hfﬁci% éllnkéisitaﬁsagﬁ% @/nﬁ] &18- c%ﬁ'%lﬁje Jo‘fﬁg’uon

arra curvature correction neans

MRS ystrates the difference in size and confi guratl on

bet Wegwme 8 ifhestugtes dne diffeesmse amsize ahdpenfigirationdretisiennea prior art
lendiahf a 118 ih BRRIdneO withthé BEehtigiir es, correspondi ng

igr kﬁg%ﬁérﬁ uggf acto ?;%andinlg strﬁ%{urlllei%ﬁlré‘supg tétqgfslt lf r,._cn%flﬁl , are

err reference nunbe
referredhiQ Ry identice} 1§ MBS yrrent |imiting apert ure
CLA, normally part of an array of such apertures CLA

and P‘igiﬁé wqﬁ&vg #h ARk bEA @uﬁéﬁuﬁfuﬁﬁ 18 AL S102mally part
of I Sﬁ os t IGIIHIIIC% E@ﬁagrbc{r fngf %e(%ﬁA ?e %%&SAPSaﬂdqa lens 2.

The ﬁalfr@%dnﬁlapg PPeTEITs & e owteﬂelas lééli* ﬁ‘éﬁhna P‘Pﬁé‘il% hatom3 Beam 3,
such, ag deharped paticlapgeatmath d/Aertan limidant dngle og theniriuel aperture

VAR befbd fnhr?celnﬁ@%aﬁ of #lieRy @%ﬁrsbfﬁﬁ{eu@éa@ ﬁﬁ)nghﬁe %Idapﬂls OA

of fHt! R terinsng, BRI e, shEFSor e JeduoEit et s bdnfre B the
lensalecase of at iy epettadedaes. |tb%§nddlﬁ@f e ime ippt theemiddigsof two
elecBodds ztnldethm idddase of tlire® cleztredt nade theamiddlb of ithe tasds ot the

milldle F ¢ ?Péi@ctkﬁl@sancf {ﬁecagé delh.e gﬁénuwﬁnb 8RS nliddidtor Hielens

t
is 4 i mnecatabe Epedtie e #Page hBer B apaage Plant g
pl ane of the aperture. The image further shows an
| mage fiuene bl figard i3gune exdansied iof wnd-decttolle RuaMplags are

pre?gntéd\fhf t‘ﬁ}a G ijl%né ﬁﬂﬁ:‘aﬁé §y§ i fort Ec?ﬁﬁﬂ)tt&ijle &:st @ pared to

ens stru res or
com UL QEEHRd TG 138, QUG TbY éﬁﬂarr oS dSpRIY AP% the
fillingrfaetor foxtiles presens two-elachigdd lkosasrcan be 8§Fi awll dvgn hger, twighout
sighifldahNhcteasd Y cdrfs, dshiemariodent fisle-calweaire OUReseaBSEL iructures

coﬁ@%&qﬁfe Sée%ﬁé‘gﬂtﬁvﬁp xbfugﬁ ea%e hWetlﬂth#aled]%H 'ofnla %?e'?:{rode thereby

curv

OHFH%%é‘ ?%ﬁ% edy Hnt?éf%ﬁ?fgélp I@gﬁéex}a fiffasy riharlsnins %tgreAPthe two
eleattddds aze digned avithngael oHtcedllvi Iehses skowe Icglindradbholeh Bl alfywhich
thef @afeRd d i Onadr|tsh iH! @ekatRdDaRe rtﬁeltJﬁgt eRRE0AS. B effddt of

. e,

sué ][%ﬁJiS%IPC Rg Bé lfl%att l{ﬁe]_%ffe%t{elﬁséééglgg QleFd Ef 1{1§&§a§ecff%%§%fsegj;ﬁ)? jche
lengfis mvgﬁtedtffpén PFEGHABE dSFD Aaodhe s holstaHL (e Curment liniiting
apdrhire Kiie's & fBericied dretheifirst lees elettratbe andsepoaftioned it field free

re dny Wh%ﬁcg%&f &f @ﬁiaﬁﬂd iéﬁ@glroéerﬁl ﬁlEfe%&ts'lH %rcﬁzlr%%ﬂré“ct fiheetidt order

Gl e b Rg el At gt Fok b PhREE TR on
theclgps grpngthi moEe Hign caplegh tgreorepinhp dirt ppder dipld qUyAtuEs By doing
so,f the sfizels eofsthe limapesoftemedrisy ile leas iatrhyp ned equil aofdaeh dther, and

widhbEEinAiA E @y aFiabRgi Us of off-axial lens fhole H
Increases In order to correct the first order
In figure 4, a schematic of an aperture lens is shown, where the aperture plate
AP with current limiting aperture CLA and the lens holes HI are made of a piece of
wafer. The current limiting aperture CLA is in such a position that the virtual aperture
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field curvature, and, surprisingly, the radius

vari ation appears to have a large effect on the lens
wa@eosngi4 nore than enough to correct the firBCT/NL2I®I/000180

field curvature. By doing 0, the sizes of the images

formed by the lens array are equal to each other, and

W t hout inducing further aberrations. 40 In figure 4,

VA% ?IEI%TBH fla?é oft gc{t{g)ld'é% gﬂ]%rﬁeﬁﬁ%ﬁhg W%ed' BichiN&is. The

a ert re

leng, grd i ep ,tﬁlanaqhgt Pleg;f i % e 1Mfd§%oﬁlmlt

"a paitmnmg ﬂems riteld Effroimngenafvating deep @LtA the lenﬁ helge Fil.a The right hand

sidP8fH 1@”1 fnﬁﬁtateﬁ g ehjhi'v?a}éﬁ{ vaBioh ticgeithe? 8484 AEIAF4ens opening
or gl%_t{gc% o %7@_: %gt 11I1‘11 % aﬁe taprf:iﬁqg qn‘%! Swith. rte&fé%to the

e optical axis
dqucélﬁgof)é?@%ﬁeah@ eteII is srml | er than the thickness De

of the electrode in order to limt a pertaining |ens
f ' ehldflgfrefiir A REMPL! G éﬂ"gpéilﬁ@@lén'é‘taﬁa‘y he:rd @R SntBSlaes dferture

end e, L HOBR B ElSods R0 B Me3 fcing te

apegtp@qﬁen@ ig. gl obthebepwa Ehah aep E%éedctm%htt ¢ ?Rﬁf‘ﬂlr%]gi’ns array, pass
theapesft m&@oéﬂldoawddszM]E‘ly diERahdWMH3, iretheeehirglpattibereof. The first

ele&H(ﬁCM'Eq q(f Qf a 85@136%' ralrz-‘Vl dsa hb@HiA Vo afthe aperture
T Y ey R bR
thas Vg i.eo¥2 s W1 Theviarddpnge wiegtrpde MAR is pba qu@nmie‘( 2 spaller than
that ¥MSf MES, i.@\V3 8& Whahberne: inlirhteaequippaanihl tineoBBh for this

altérHe?ﬁv%%%{ﬁold fed eﬂﬁ ?%EQ% efehf%nﬁ&i atocile lower end of a bore or
(i

e.central
ot S PSP W GRSt el sy ERentl e
lochlly bang p;msentq ahe ¥other andpiot thaaperturydenst ALhtheggsatral gperture
lenb,EdtSendsBl- as khefeasd/@aybeMh, 1a1\g6t t@bbdimes B¢ Bndsprkaedly atkestronger

tha@l':t% tl.l_ﬁf iafly %@Fﬁxﬁlo dréjen$ ’hli‘t?snth\é Lential & eﬁﬁ?re >1ens is
strenggt fhap t‘}(%nhﬁ gﬁ%igal th;pgf:se fly%ﬁg} pé@@%jn%no% 1s éﬁgﬁé}ra curvature

. corfdctjoneln fati cat imsreespdi fogalt Engihaht thienef§ aEFSLlehSJ holdsi eauses, the

noﬂléﬂ?yr ﬁﬁf%d/ @mSgEb Bh8EBbecOHRE! hilast ¢RGEBy,f&. h’ﬁfe@natlvely and

r ot
TR el o 0 0,0 PP ok
sizegRrpotehtairgrlarly baped AR, H@F%@C&aé@érra s gihetor Off-aXlal
apeatund haseand.. tihetinmgep formedebyl thesprédent aperture dcrrsaarray IAL are

Og@ggdéﬁtgaﬂagﬁﬁage%ade@@es as the case may be in |arger
nmbodi nents, is respectively are stronger 20 than that

of relatively off-axial aperture |enses. Thus the
cenFigre gppiovides 4 Emstipgallys equkgent expample i Hfigreglyjigpersed
arrhigRERAt, Witreih thiengemrigmiting dyerteres seel 1dcatedf daymvard from the

mf CHY l\éﬁ%e'\;rlﬁEICi\QEg qfxt\hé\ﬂ of e fnfi‘aﬁﬁ d"i’t‘écﬁcﬁp 6?@1%%&&&@'3 and with

oS S, S oL Sk 8 provies for o
colhmaaumelffpct of the. mmrpelpms iopethy bmﬂet&dau the mﬁ%ﬁem/eme the
arrfl@Rife@t malyltR det edtd aCxory atréiigth insodel &0 « aou-eebestrengibngode of

opérgﬁ&F AN %}ﬁ 1546 < fere rlﬁﬁ&r & Eﬁl? f)ird'v‘fdélsafrobé %}%@.ﬁ&ldmg

aper I ncr easin 0 axi al
focgBE e PoHAbe CARE INTHE f}%%ﬁf‘ggsar%g%édﬂ’bvﬁﬂw fiEedidepicted
zerapsrengthembée she fiekd) is| gulelsrapplid ﬁ?reggng@tmgtaoplgrqlqtjapf focused
bediR 98thPloafacidiPwithi 418 &ubvapire \bodtestich. Béoaiseahalabyrrations are

pro At onal &)ntth? ?@%%S Ip8£vFﬁoil tﬁ% ?&sziih'up\ﬁl'éﬁ &k m3do lens is operating

rrang aperture

at g1 STBRSHH ABOUo WRRHeaF AP BT Wéftl%lfé Yol 1P@n%’é§ EEcrprgatic
defléotion afrrdrh erenainall, di.e. extrd cirengthtmacrbdand does 8ot mﬁ@dmet pxtra
aberrations.
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appropriately adapted voltages. \Were the exanpl e of
figure 5 provides for a collimting effect of the

wor@soli4enses on the beanlets, in the present PXENDL2®7/000180
the arrangenment nay be sefg into a zero strength node
and a non-zero strength node of 35 operation. The

non-zero node is here illustrated and provides for a
CorlE Eﬁl%%]girr?%ﬁméﬁ(iﬂéétﬁ%ﬁﬁé @ﬁ&ct%‘f elySi Bﬁﬁtlﬂaﬁﬁs '11{‘ aii@ three

ma%rp q%tﬁ f:p.'s 111?,] gtht éqoae gtalggqrgll @so WSe[g ltgcr‘tnc £fet4 Offect
of gemenatrd n@naeSp MERME3; GhefGgwseth poewaryiliustratgs how the
equiptiéiiiaPlindd 4 hosetldse W Wit atiothes Ofi HiecinbsircenBegtlsaeholeg and

S"“?%Q‘ﬁ}a%ﬁffih%%?i FonRGERASLORh L8 ADE S oRSL on pouer

ens e macro lens 1s operating 40
at zero strength rmde the aberrations, in
par Higué Ashyws # Bellebtode leasgompiisihacheusreat lipiting aperture CLA

ma@eefﬂ £8dga0d1e @jﬁérﬁfre pRASAPIB 3 electodesel«l-B43. AhgtchrenClimiting

es ho
oo RASH ihed PIBSHEE 3816 BOEELELLO08, o e v
aperia, ¥ Bt IENET PEE T H1e Bl SeEtdcafnd PREFRALAoNE the
optikal axit lof @ach heas.r Bhd thnee d:leartmdss EleECﬁa@ skawed il mwhm Ry that
the %@ﬁ@é bf th8Bfarit pafes httH@ c&h@fTehén Elb@tdlleablestal.  of
he macro | enses IME - . The flgure in particular

| I lustrates how t he eqU| pot ent i al @f@ ar e, nmost p
cl obefigure Sntheatrelenipds Jng ﬁeawssmi‘!éﬁ’f 8s Fackies Regreagng for
offamth] 1énsegreevdsab chrredtHfield awavptuire. chheomegan of bash lans ey this

len gtfru Gedro Ie@t@& 0P Ei$at ulﬁhgé"ﬁlﬁng AdE@shatty %o ﬁh@ﬁﬁaééﬁ@@ elli %iélcal
leng ﬁhfie% yersiefn e (B apetiion 39 SR R

astiggptiER3. The current linmting aperture CLA is aligned
to the three electrodes Esl-Es3 in such way that the

\r/nl (rj d#g%e %gpr@ﬁﬂé Hﬁ \éﬁ‘aﬂloc‘n bf‘ dfffh@e&%rlhrsﬁzepﬁfdt ccﬁﬁlghfh@ion of a

tro
o Sl by e & B e 1.9 238, W B conoc
198fk eimethei wppsn diguze payt, rélative théhateoft the gructse a@é@iﬁhng to the
inveASSE Sreplk@ited dnhecalic i alie @hcigded fijues tpandendgirevitbd as an

exélgdgd \qg{yem qhe Io%r §1§ﬁ 9‘9& rSHIStP@'ie{téY id SviGdHR\iht Whd ﬁrgest

|
dinpensopr Lk 8 OE9S SR 4 DO fw&évsa?%lf 58 BietgraR shiler
thaarthe Itlyickiiss of lacdess electoadeumdilprths dans dipld it eordingf 4p within the

thitlREEMhaBRctrédidi tional ly to this measure, elliptical
| ens holes H may accordi ng to the invention be used

to correct for |eftover mati.sm 20, Fi e .
pr o¥iPaEs frgm the (ropeepts ow oFl dg ing detatly %ﬁg z(%s‘gﬁ’&d in the
precediiipghe arvientiomfelates toralldieatards ab dafinestinulee (nllowirg gpt ofglaims
as Wéllta@ Qo @Al dekAls if 'tﬁ@&n@:xé@ﬁg@éb as hR§aettPadd blambiguously be
byocfneﬁlél gltlp s 'ﬁ% (HEPRAL wgﬂ&gsté[ 8{ ﬁ‘:ﬂiﬁs ra{tl‘?ér%e{nvﬁxe&ﬁg the

accor
mqaexygegeaw peegeding $era. ény feferrmce ﬁemb@rse@qqsmgpfﬂ ptfucgyygs in
thepf@\dtdéegi'eaﬁnmascﬁlx pf adppbr i aevwending hibe | daigy, inclyded solely for
1n(g tl(tlilF Iﬁéﬁﬁmgaéftaeﬁreb&hﬁg/ {ef@ndndthethishaclhasdp&iveen
nenS|o |n a cross section of a lens hole HL
brackelqui val ent and preferably smaller than the
thi ckness of a lens electrode, while the lens field is
confined to wthin the thickness of the el ectrode.
Apart fromthe concepts and all pertaining details as
described in the 30 preceding, the invention relates
to all features as defined in the follow ng set of
cl ai ns
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as well as to all details in the annexed figures as
may directly and unanbi guously be derived by one
wWa@kioBloed4in the art. In the foll ow ng set of CPEI/NE2007/000180
rather than fixating the rwreaning of a preceding term
any reference nunbers corresponding to structures in
the figures are for reason of support at reading the
CL%IMgn i ncluded solely for 35 indicating an exenpl ary
neani ng of a preceding termand are thus included
bet ween brackets. WO 2008/ 013442 PCT/ NL2007/000180 9 |
1. CLAAMBultiple Beamichirgéd piréain aptigalyssiitepa roompirisingpan elgptrostatic
len$ ¥t & e WRRRE IssNEncdlettt®lel pAS® With [@Rsapsttuies] wherein the
0 e r t
effé'\%l&e sﬁte J)fe 9 esr gaﬁ k{fﬁe%{ego@? ]saélg te:?%éél‘éag? Za\é\"ao%lcll %Eéﬁure is made

ultlmaﬁﬂs@ﬁlﬂect ed by said electrode at a said aperture is

d
2. rra §%stéﬂr'1lta{§| e §y &S%IP{ I‘lhgom ‘?\é (ﬁQ&gfn% &ﬁ{)%a‘a al?}beam
Pal‘ﬁﬁ\éheé‘?lﬂ Uherlgnt ity 5 Reiates VAR RrsaId RBE® Rt hi e o

bﬁag ]l:nt g:c%rdn%/ 4 gﬂ}rﬁ g&q%ké]g tﬁé)pﬁ#gdafndém &t fhetlgﬁs is
madoimaty spall PG AR DGR ARE e T roRBIh %s¥ than

a fgwatens ofilderoh®ess than a few tens of mcrons. 4. System
according to claim]l, wherein a lens . is conbined w

4. a coryentaccpiding i glaimet + werein B RS ds SorPmeg ﬁ’tltpv% CPHent
limétidge aperafre,s alighedt sual trakatiyve tthaet lensvofr said| struafyes, tiheea virtual

ape%tfuk%'ff%&e@yb;s @éud Gildehe mf&mhh@ dpbAGreaPe ki iend fis tsﬁuaed in an
ion Wi

Opt}%grﬁlé)é) lt]tog %aﬁeﬁ? < Ftr?grﬂla ey zﬁo %ﬂg nsH{)IgS?t g*aﬁ 5. System

5. accgggéﬁga&@r& tORE YPbdeding! dlialh, WheFe@i Mhd Rertvl rdpedtre is

Sltugfac ﬁf edisrsal[dlaﬁls?ﬁﬁg centered in said lens field. 6.

Cclaim1l, wherein the dianeter of
6. at bgﬁéﬁl RB8&dln@ns cRRAt Wh@relﬂ ﬁleﬂﬂéiﬁetéﬂ”@ dt @dast @ lehdperture

. f . S di

i RS b A RhES oE e, Y5t em accord ng to

7. €l eSS/it&ﬁeﬁcdoﬁﬁﬁg%r ahed Bt wherdlH iad léﬂssﬁtalmlﬁesdﬁhblﬁes two
elegé%&oels at?cl%pqrgtn? ﬁ{s 5 mitualP glsgmél@ ?I{lﬁwr ® t d@ﬁ?ﬁ?ﬂ% sai %%erture

recedrng ¢ e dis
8. bet wogBmsa:erdif) {%Cﬂhé &;%din% 41888 wmﬁn&hmdidtarmetbefweenrsmd

elegté%c{e:s gﬁuiﬁ:gsr Ehél?ils ﬁé%era Vaéa\%&ﬁg}sle%f th£ﬂ %fe(w I.Se];ns B F%‘Bﬁ&e m
9. apeg HES Jc@dn@l ot&aumzﬁ Wikrein £@embtes|of al ISnPagedingd tedited to

it B S NGEH of B FERTIAT oL SO TSR e

POll‘lbOf:Sraéd#P‘ltmdﬁher ein the | ens structure is combi ned
| ocgﬁa%g C%CFB (L alér}] L 9 V&BFetnIl lﬂﬂeeleBL % rﬁctﬁfe mo%ﬁélfewnh a

trrrm
cunr% lipgiHsg apeiTs péﬁte ghwhichghe &fm leep 8}? et LHEIE grtures,
with@ntheajoasttaints of an axfalpeyéotion 30 acontbieeddiest apecmrofs a faaction

of rtl?é Q¥stdtce | GNEheAREIVRAY Fan g@rtﬁfénfor 8 RatBtporht sRksd combined
I ned el ectrode. yst em accor di ng to the

eleﬁt,r% eding claim wher e| n said current liniting

11.  System according to the preceding claim, wherein said current limiting
aperture is offset towards the centre point of the combined electrode relative to the
centre of the related lens aperture with increasing distance of said current limiting
aperture from said centre of the electrode.

12.  System according to the preceding claim, wherein said current limiting
aperture plate forms an integrated structure with said lens.
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aperture is offset towards the centre point of the
conbi ned el ectrode relative to the centre of the

woebwmtoasisk ens aperture wi thldncreasi ng di st anceCoMNL2@7®00180
current limting 35 aperture fromsaid centre of the
el ectrode. 12. System according to the preceding

13.C! akfatemhpERiMoSo icthif Wl Whbtein htTedst Part ofpeifiérit lienifh@bgertures

of %%@%‘ﬁ%‘?&ﬂiﬁ%%%ﬁ?ﬁ%’o“@? Sty ol o AR o uniform
CUIF@t@FS&Pl?Hth oXpiethebRamiets G 4Re SYSSM of current linmiting
4 2P LSS Bl QUILEN, Vbﬁa&p H9s 2P BE Y rfb@hRalol aldifront

s m)

h fiieg AROHUES 1§R fav%tiont tihe diskange of r?lﬁgmgyg@w tq  contre point

of Sy straynoficomemti limiting apkaines 4y aniapentim plite isdludngsaidiasray, in

padidhaRGS tBE @fe@f o a Giifoft curent iMibuMbnaPRSE ttHE Sehdlels of the
function of the distance of the relevant aperture to a
SYS<ht r e point of an array of current l'imting

15apeR é{éﬁlsacb&dﬁ{k BRELHT, oRipiishg thel dlgtititdes ahdliearadyilicon on
hﬁt tlcu ar to the effect of a uniform current

iSOlfiQ; ﬁtl on over the beanlets of the system 15.

GSyStS Efbfi‘lcé‘déE)ﬂl tc; @laﬁﬁ 3 Whlnen@ PP EleSie bt 1sVWRructurall comblned

Wl'%(sa% ?‘Aé\f%?rg’rﬁl%% ‘?181 ?{afaefgbl%? g&%f %ﬂeﬂ#e)srde(ﬁg&?% ect r ode

17I S %tyEtHﬁlt étU'c@fdnY &P R %@@Edﬂ%ﬁbﬁnﬁt whesi tkférkﬁ)rﬂilﬁﬁiitibn is set to
a _se three of such large |enses.

resfﬁ mtgfs“t"@m‘%t&f 201y to the preceding claim wherein
18t he thﬁf %Efd@r;igtéosth@ e 1bﬁt pfe@&Hh claithOwBeref {he @tnbgtion is
e11c

Seﬁpilezs%% S el E M AgREL gl Puddigyone bt

eCO Inatrfon Is set to
19hav ?Srﬁteﬁle hecdr@ng @f trah . 1, ' wﬁerehp tﬁ@‘éﬁc&od@ rfernhd @h dintegrated

Strg?qé’i?t &ggé‘ FEHs Ighleq@n%% 1rlraetpelgtg &I?r uc?ijem &Cht\ﬁﬂt% faldd doirure

is furthes rintegratgd Wil digeer fn@?r@ gecifodes. sV ORASINg giged particle
behmit €)rthitedn bt passtditheoughsaidlintegented apeeyrealeadamast h t hr ee
macr o- el ect r odes, surroundln the charged particle dg
20pearfysier) accpiingigrihe El‘eﬁ%@%é a1, Whefsshe gnacrr-elgrtds flirectly
adfpeing thecintegrmedapeatyre 120s arBysis dwldatcolosiengotential flean that of the
md&§ %ﬁe@trg& ClRidt MRRECIRay BeniTREA Qnt%!gﬁ@édr 868, dhd 6ftidrdin the

ol R AR IR A LT
pthn@aUdé'@r than tles of Eigespcandohs- gaﬁeamd%gm&r%eleafm , and

in the th cro electr a
s 1SIGIF RPN 19 HEC | RET LT Cﬁ%%m( FngBfiety Jpbodfieg, amay
strpcmms h¢ld | ayvgepotenta qomgspadinghto gk  than dhat of the directly
adjontiap medielegs.macr o- el ectrode. 21. Syst em accor di ng to

the preceding claim wherein the integrated array
22st r vk murldplesenml chaggedzpapiénle Aptical SYBPMe SPBRTTIAY at16n30$thture
wittbueleatthan tlaetodes, édth ptovided twith aljaohyiofigpemoes wisrein the

ap&%ureélﬂ%etsbtpdq% Q@@f@dg harged 1B"ffﬁé Hﬁ@:@ho‘ﬁ@f' S HeSFluenced

risin
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