PRQIECTI ON LENS ARRANGEMENT BACKGROUND OF THE
I NVENTION 1. Field of the Invention [0001] The present
WO pwenticss rel ates to a projection system for BCTRPIOgES4467
particle nultibeam et system such as for a charged
particle nulti beam et |i thigr aphy systemor an
i nspection system and an end nodul e for such a
projection system 2. Description of the Related Art
[0002]Cur renthyo R PETRS £k @it ipdraphy systems
use a mask as a neans to store and reproduce the
pattern data for exposing a target, such as a wafer
BACKRGROUAND @t THE IDIVENEION . | n a maskl ess |ithography
system beam ets of charged particles are used to
1. Fiabethelhannpaﬁtern data onto the target. The beanl ets
re individually caontrolled, for exanple g
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t oge SO t enti're set o bea
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arge nunber of beaniets, providing multiple |enses
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reduc o g T B PO UL Lo e O PP Ygh ol opoptical
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ficient to permt roomfor the necessary conponents
1rnageﬁcatnd ealubed mrsszeahdthtsalepign mlk thabearsistsfcarss at a common cross-over,

which introduces distortions and reduction of the resolution due to interactions between the

charged particles in the beamlets.

[0004]  Designs without such a common cross-over have also been proposed, in which the
beamlets are focused and demagnified individually. However, when such a system is
constructed having a large number of beamlets, providing multiple lenses for controlling each
beamlet individually becomes impractical. The construction of a large number of individually
controlled lenses adds complexity to the system, and the pitch between the lenses must be
sufficient to permit room for the necessary components for each lens and to permit access for

individual control signals to each lens. The greater height of the optical column of such a



i ndi vidual control signals to each |ens. The greater
hei ght of the optical colum of such asystemresults

wo moogeymsal  dr awbacks, such as the increased vPCTIER2009/054467
vacuum to be maintained and the |Iong path for the
beam ets which increases e.g. the effect of alignnent
errors caused by drift of the beamlets. [0005] A
charged-particle nmulti-beam exposure apparatus is
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size of the |l ens systenms involved in this type of
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preci sion requirements for operations such as overl ay
[0007]and hstuis¢ ofinagyo o/p«tigﬂlytlmgnél a@nkanws fifoor thiesediavly dlasigns for charged

f m
particl GNP aRr RS BTy GmiTUct BT U UGB HOoHEA (e hareed
partlc&l%ﬁfﬁ‘ih itﬁlrmﬁéé@ LnFERR LtironOF@s b@étﬂl%ts‘?ﬁdﬁre dﬁﬁgtﬁt Bt Retems using a

defined as a factor 1.4 or sqrt(2) snal
very latigeenmbens)particte begmitabs) wirchedksigns aecthumcdnhldelsp eub-sptzmalby view
tor. of 1.4 in cha [

fac article s
of ultr&&*a@} RrCeiRigN ftuemens ?%frﬂ%er%gpw ;?ét%é?y{f y\mqa ﬁtIHCElaac/gwaymg
elerneﬁ@ Qbr 1?151%7?(1619%(’5\15%&& QFa @e{r%él-nlﬂnbeﬁ‘ of B@Jnlﬂ@trs 1301‘ﬁbf%BV§beroﬁ§gered

function charged particle beamets is
overly @mpilicetddt o mai ntai n exposure | atitude. The current
per beam et drops by a factor of four due

[0008]  To meet the demand for ever smaller nodes (the next node being defined as a factor
1.4 or sqrt(2) smaller dimensions), it is required to reduce the spot size by a factor of 1.4 in
charged particle systems, and to double the total current in the system. When reducing spot
size by a factor of 1.4, a smaller point spread function (PSF) of charged particle beamlets is
required to maintain exposure latitude. The current per beamlet drops by a factor of four due
to the smaller PSF, given that the current per beam is defined by a system constant C, a source

brightness, and the fourth power of the PSF. The total current on the target, in many cases a



to the smaller PSF, given that the current per beamis
defined by a system constant C, a source brightness,
waeaotikmsss ourt h power of the PSF. The total cuPCERP200%91054467
the target, in many cases awafer, should double to
limt shot noise, so that the nunber of electrons per
square critical dianmeter renains the sane, while the
resist sensitivity should double, e.g. from30 to 60
r.cng. l.. hn al.l to Lntain throughput. ...
waery JOREFdoF A P By RS Bl s PR Qe S bPLSRY i
diamefXémiiRctNBisgal, Widiahe fesRbaungigiditp siidul Cicubld, &Iz0gbamlto 60 pm
requires an eight-fold increase in the conbined effect
per cred. Al it adlrse entotragintam, thrawghpuinthe pmefintpdadditiopaltckerent required to

. syst and saurce bright nes Whi |l e system cons 1 )
realiz G B RS RRE AT ule R Rty a8 B0 SR mgrowse n
the coPtiRiAtoffebhT sPHERROnRAnt RS A RinSock Bf BeabibSh 8B §8RmMPEnd source

consi derably increased. In a practical inplénentation

brightpesscWdde sgtanat@sgntsndsoneneduightnassdnachd eariedgnly to a limited

t hr ou ut .of at least e.g. .ten wafers.per hour, the
extenty edfBY oty o Satsi S b oLy bEerelhfh ¢ gt
implefBAYEANGS cdsQinP YRS S o fredt NRIUSRAESIng b ARBAEh 6 SMSE8 B ten

addressing such need for a vast nulTiplicity of
waferbpartioat,3hg inenbdr ef bequelets sepance isiurthaoeyr, ofanos @ tbausands to

addressing, the difficulties encountered in dealing
hundrgds of thejispdst i ons as encountered in common cross-overs

as in the prior art, is known from patent US 6, 958, 804
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system defined t hi ent allo t he inclusion of .
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arrayed charged particle optical nmenbers, such as
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practical problems are encountered in flash over of electric fields of subsequent projection lens

systerh
4 (0]

elements in the charged particle column.

[0010]  Where existing charged particle beam technology is suitable for lithography systems
for relatively course patterning of images, for example to achieve critical dimensions of 90 nm

and higher, a growing need exists for improved performance. It is desired to achieve



[ 0010] Where existing charged particle beamtechnol ogy

is suitable for lithography systens for relatively
wa@omwpdgrepat t er ni ng of i mages, for exanpl e to apti/BE®09/054467

critical dinensions of 90 nm and hi gher, a grow ng

need exists for inproved performance. It is desired to

achi eveconsi der abl y smal | er?eritical di nensi ons, for

exanple 22 nm while maintaining sufficient wafer

.1 hrough .e. . between 10 waf.er r. hour
considsB oA i iR REO TR BRE o0 e BB g rcint water
througHpUE Rtd. BBwREAB0 bAd PO Mvifdepa Houkti pl e bean et char ged
particle |ithography system able to achieve snmaller
critical dinensions, for exanple 22 nm while
BRIEFRUNMMAR VO YHE v T er throughput, for exanple
bet ween 10 and 60 wafers per hour. The insight
[0011]unddwelpyésaef inyration aesio premrdna moHiplebaandet chaged highler
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curfent generated in the system [0012] Not only is a
insight etleclguhgshopresing erveetau is it thos bighérevmlitios cdebe obidined in a
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requires a relatively hrgh ratio of° peak exposure
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reduces t he.charged,particl urrent that nmay be
the SO (el OrRTGLRE b s B b as e Pl gunomally
caused Bl HcRABRArEl Gusties pEBDIIRPhbSIER behMEdE BREEnHY a§bm to
and reduced point spread function inplies a
genergo hedndetsdibViag iapvoralespintrsptdaéd funetiperhopfevre egrisalemblynretiess the

syste This creates a propl due,to e limted
charg Y Tl e R PN PP L PO Et Py el s

mul ti-beanml et system which are typically Iimted to a
[0013]g Zdeaeguiraavdif mefuced snes sigp.Ancrggscd gurrefteandgediced point spread

functigh ng@?eg a cggﬁdéll?tﬂ? ﬁ{cre% Bgﬁé Stﬁ{ﬂ!)e?' ¢ logaﬁ]ﬁ’lgtg ilﬁ( ﬁl%ts §84. "Pﬁs creates a
const ructed Wi thin Such 'di nensi ons usi ng nown

probldng @idodheEmited piRRdalgirBsiynsitahd piojdchiemoptivs i b Fae-b&fmlct
beanl ets required to achieve the desired wafer

systeng,rloelytip (itpicyily dmiteh 6o abEe eonresgondiagtnths sizp 0f the]diqpebe exposed.
e o3 P 9L B BB AT R R e oo
technif@dsi i bisnsideralBy sonblor fGn ehetuiter 0EDdaBEO Feq@irE@Mb acBicve the desired
condenser lens array, or aperture array, for directing
wafer ghropghmat givpn dfc dbeusrfeguigenentyr oups towards a singl e
proj ection
[0014]  The present invention solves this problem by providing array manipulators in the

system, which may take various forms such as a group deflector array, a condenser lens array,
or aperture array, for directing a plurality of beamlets in groups towards a single projection
lens. This measure permits a considerable increase in the number of beamlets in the system,
without a need to design and manufacture a lens miniaturized to the extreme extent as

performed in the array manipulators. The invention thus teaches to avoid even further



l ens. This neasure permts a considerable increase in
the nunber of beamlets in the system w thout a need

wo eoodagsiegh and manufacture a | ens m ni at uri zedPCDEPIV09/054467
extreme extent as perfornmed in the array manipul ators.
The invention thus teaches to avoid even
furthermniaturization in an area within the
projection col utm where due to the size, pitch
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errs ric and conse
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pose a significant prob% In contrast,
destrugtion af the lchasysem nrnopemtloaraéraa@f pase Bémmf@antrmnblpml bt gomrast,

e absence of fi eId n

minia%o i, MR oot sh By, 0Pl B SorePet I ¥ihgtos of o
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manuf acture that can not be overcone, e.g. as a
cffects oos prpbnsevitomeheactges thit capnet sy 0vloe®ancs © gnakes corvENBNCe to the
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convergence is effectively the same as deflectron

dlrectrmfh od coverganad isledaotivety. th¥ karse amtiflﬂleetmtt dfat vertival besadetr €his implies
accordin t he present. i nventjon does not induce or

t
that thﬂéa?ﬁslr‘r@ C‘H&nﬁéﬁ’ CPIPREHEILY 10810 HROtARFUCE O gPaufTR g Principle
f
redesiBh B 6B B S BT SR KRG MO BBt A i psieh
underlyapve gresent cimleytl@r sulps cofivabgiagrbely Lraupsiof bednllets rawelﬁe thee
of a common cross-over of all the beamlets in
presenggof @.é}OWSSTOVér of#ll the peagpplets H@tl@ﬁg}l@equtﬁ@f b q: @|f all of the
Y
charg&glgea{rﬁa{a |C%%&g?ﬁét?ﬁn Ehte Q?V%gen%ge?gsecﬁggeeﬁ%sﬂb%ﬁ%&f at k{’% point of

conveldentd @il sodtta l(ithit&ﬂccﬁ}lfrﬁﬂé‘d effodt. fofbuith ihdiett ghderlyitpetht yHivedtion is
the invention is that the ability to blank bean ets

that ﬂw FHitnta w@tﬂgb@aﬁetwﬂbmathﬁ atoyp A bearplgtstrassinggthrongh jasigke
| le S..I i.Ns> bei ng
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i ntion rOV|des a.char Eart icle HEF - beani % :
[0015] sy Ar$sER IBY(%]&}QP HH)V S A4 @rtge g?rﬂﬁle IH'[ §,ysg:|m or exposing
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» oreBEATS Bud R D Sy LS8R 0 LG
sourcebﬁm rgpnaatu@mearltarged partrcm/be&ief anapgtse paryadeinhepwhant eamlets or
sub- beans fron1t gen rated bean1 a beani et
Sub-DeAg &w&ftﬁ‘o&eﬂfs@ﬁ Ae? §rY B pulaier fascanyweias ek g beamlets
towargseg %ﬂ{%B |%81 lﬂ)f C{DO : %g%cﬁetr frgg F%ﬁﬁﬁ{r&[pb?%g nke Bt Q%ﬂ{er For con‘lrr?lllably
blanking ®cghletsds tiaf grbq&rﬂf%&nlea;lﬂ ancban zafayagf pedjegion]l@sisiystems for

| ens systens for projecting beamlets on to the surface

projecsing tbﬁ@nkegsr@etp theistage Af th éarstarrherinthnbprimlst @anipelator is adapted
to conggrla%% teggn é 8P¥§ rnggts %%Qrdgﬁ giﬂﬁt %&’r&?%ﬂl&é 1.50 3n%v&qr‘cgesp1%3 ection

pon Ing to one 0] ection 1ens
lens sypy&heNs.

[0016]  The beamlet manipulator may comprise a group deflector array, and the group
deflector array preferably comprises a group-wise arrangement of individual deflector elements
with a non-uniform deflecting action. Unblanked beamlets in each group are preferably

deflected to a single point of convergence, and each group of beamlets is directed towards a



[0016] The beaml et mani pul ator may conprise a group
defl ector array, and the group deflector array
w@embarmbd y conpri ses a group-w se arr angenent POF/EP2009/054467

i ndi vi dual deflector elenments with a non-uniform

defl ecting action. Unbl anked beam ets in each group

are preferably deflected to”a single point of

convergence, and each group of beamets is directed
aiter BB AR O Blo T aPhos R0 SEDR inEORuB P e bearmle
blank& ek@egrated @roupt ®gleatotBeaOtRankef bﬁﬁ% addppeiaticehverge unblanked

bl anker being adapted to converge unbl anked beani ets
beamliets ie gedh grewiule a enzmedpeBHANYTIoh corvisteridanksd fhoamlgts to the common

. anked mets to the commo int. Th rou :
point. RGP RTRT P gt e e Paribe sl gy Bed trsin and
clectréR% ARG clal@n@tNcRRdp &R IhOHBSRIRS Reb iRt dal §i3Rdls for
aperture, the eIecFrodes receiving electrical signals
deflecting befilesabsmyg theaghdéhsapsassisng t hrough t he apertures.
[0017] The system nmay al so include a shaping aperture
[oo17]1ar ridy shaem sspildognilnée Letapingtapertirb arrap Eortstisign@thcdyarbets. The
adapted for defining sub-beans and the shaping .
apertugp arey s @dagptechipr dsfizipg prtebeamsrand thashapy e sesiyre egay psewppted for
. - y .
creaif e SYBS AT S DBPLL B Sy REANL B 4 Qv
apertust BGhEbdY integfhied B PingRfun@CTRY gratip dyflanst atlae abd aRisAgping
aperture array may al so be integrated in a single
apertugp pray @y aisg by ecdsetadines singlaiupiil at or may al ternativel y
conprise a condenser |lens array and a shapi ng aperture
[0o18]ar rid.bedinket manghehsemdyattsrmativay cormpiyseef @ndbisyr laokaptayctind a
.for focusing each subbeam at point corres ding to a
shaping: afcERS) aaﬁyg&b%coggiw@menwﬂéayslﬁ abﬁ?ﬁ@bla a@%&ﬁf or pqugipg each sub-

: I : t r [

e B 4 AR RSB SR TR SV by ot
comptistb lapsrkieck foearodatisg afphirkigy pf beamhlets frood cdvbdotstd sub-beam, the

converging on a point_corresponding to a projection
unblanked deamletsahtherplaraipeef hepmlety sy cigdngnet RRIRLIAjeaRAgingdo 2

. f.ini - n ' ure. ar
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the shapiag gt efriyufor casatiay bendter abbhyertet ngay didape stta@thg aperture

into a single unit. [0019] The beam et mani pul ator nay
array pleégaldn heipg Becarited it aginglsa®Hd condenser | ens arrays

and a shaping aperture array. The first condenser |ens
[0019]ar ridng bicsmst efapipaltor naayaghtoemdnfpoise fiokt asd sngondheorslalschEassrrays

t a common pla bef ore the second condenser | en .
and a glmpasg_, DRI e SO COREERS PS §TEHG'S aﬁ?%rg‘glaagmt%%f% dpeusing
the sub@RMRb A% &RGHoS gﬂaﬁ 5@ cthe SecBRY BindeRld RHRAAGY N9d iR QB6nd

of the projection [ ens systens. The shapi ng aperture
condcasar dgns prrey edaddyfoc rpsing eschagpbibeamnes a froint peroctpcndingg ® one of
lurality of beam ets from each sub-beam focused

b
the prgﬁ@tiggg%ws@gﬁdg%g}apmg [qgerture array preferably comprises aper%/ures for

producing a plurality of beamlets from each sub-beam focused by the second condenser lens
array, the unblanked beamlets of the plurality of beamlets converging on point corresponding

to one of the projection lens systems.

[0020]  The number of beamlets generated in the system is preferably larger than the number
of projection lens systems, and the system may comprise at least 10,000 projection lens

systems. The number of beamlets generated in the system is preferably at least three times the



array, the unbl anked beam ets of the plurality of
bean et s convergi ng on point corresponding to one of
wo bmopermepect i on | ens systens. [0020] The nunmbePCDEP2009/054467
beam ets generated in the systemis preferably |arger
t han the nunber of projectlgn | ens systens, and the
system may conprise at |east”™ 10,000 projection |ens
systens. The nunber of beam ets generated in the
nurnbéc'r osftp?oc] ?ctlonq n%fsgsrtgrg S’ tag?énay%%g:gorﬁ % (t:"e2(§d tg%%ngﬁtﬁ}h %n f p?OJ ection
1mms§¢aﬁ§ t he nunber of proj ection Iens syst ens. [0021]
Accordi ng to another aspect of the invention, a

[002 1] ch qﬁ{&ggin@fota!ng{h%r Ieft' o'f*&%mfﬁﬁttloﬁ_?’ i %%Jd%ar@@f@ﬁﬁﬂtpgeaﬂﬂet

target using a p ity of S ‘provi ded,
systerns figtegposin@targit ngnat plea#y obbeandb@igedvidad, tth@d;}eteﬁommmqsmg at
for generating a c arged article ean1
least %@hgrlgp p%tr‘up OYISE erggggra B2 gﬁlbarg 1@\% ﬁarm 1rst aperture array

| .
for cr%ga]ic‘e S%Eganpse@;ﬂl tie %é-ﬁ@ Eam, & USndRhicdY, s%ﬁa{r ?&tf?%lgglg the sub-

eans, a se apertUre array or C

beamgp b ye@nid taperfre beayfe tccating ipkadhy bf)bw;xﬁeks Siobe’miodused sub-
beam et bl anker for control]lably blanking beanlets in

beam,teHpeaples @b@k@fﬁ)b%ﬁﬂoaﬁ@y blnking hegpletsyin e gfpwsetftbie@}ﬁlets and an
array Lf&%ﬁ%‘}{(ﬁ Ly &Js?e\m}spf"op {pl%‘feichgg ‘(t:)% I g!r%;%télfto stu?faw](?f tﬁy [argeq e

WhereﬁdﬁlEtCSﬁJdefn@ffr 1Emcus Ndadapel fofocheaneaah su'[b Béunlﬂ Et a pomt
corresponding to one of the projection | ens systens.
correspoding torenecrdicprotcstigelenapstdiey: aspect of the
i nvention, a charged particle multi-beamn et systemfor
[0022]eX ph&br@ngxtoty@t gettharsispegt of tht unvahiidry achargedphréitls nndti-beamlet

rovi ded, the system ri | east, one char ged
systeng 3%&%"8?%“%%@?%?&?%% a @gﬁg&%? hﬁ‘%&eté mra@&eﬁam ?Yéieéﬂ comprising at
least #%%%rlgﬁ% bhkiste sBRRE tﬁgf eg%ﬁ]@tlég Eﬁla[r%é?d a]%?ﬁél@ Gk by ﬁ%@‘%ﬂ%ﬁure array

gener at ed econ ture array
for creatﬁgtshmgemqofmmahe goncofedimam, etsscohd aperaac hrrﬁpfms:esatmg a
beam a condenser |ens array for focusing

pluralmé aﬁb@iﬂ&ets Hopeagh dcupgdasikeicamod Cislepses ang BIrgy Eﬂr aﬁ?ﬂ@ﬁﬁ@ the
beamlgﬁa%éeagqﬁet' i rg%tefog rc&#“%%l 8]& ‘t}?ﬁﬁm e&eﬁ{rﬂe@pgﬁﬁg ﬁ;l%%@é/f ‘t%falinlets and

an arrh}h@f profctacelens S}tstb@nst far g@ﬁecnﬂ@ eéaemletstdnao ageniehsest theisget,
array Is adapted for focusing the beamets formed from

wheregphg CQ%@B&%&?@@@Y pﬁn‘id@?teé dorr fesyanadiha earpletsdarngyd fraye cach sub-

beam 91{ oig?lﬁ{ co%r onra‘?n gr@the pg eg’tlonﬂé]n% flstreﬁlt and second
ure ar e I nte aS|ngIe unit.

pert re arra referabl conpri ses
[00231co%§ %%t.asl ¢ @@@ﬂ% é%%ﬁrr%%v %@teér?ée@étoomn%ls apitFhe first
apert@%ﬁfy gr%?efr@(n@p&rx%&%mm Sty I R gﬁu&gmfh@tsée@%ma erture

ertures corresp nding to e arge apertur

array piefdritdy tomptisca peyrdupr e campamnvdslp amaH lapsrtiots ddmespaarding to cach

apertures Fxtendlng upwar d %
large aperture in the first aperture array, the walls of the large apertures extending upwardly
from a plane of the second aperture array. The walls of the large apertures preferably enclose
an area accommodating the group of small apertures of the second aperture array, and the
walls of the large apertures preferably extend upwards to a considerable extend in comparison
to the thickness of the second aperture array. The second aperture array may also be combined

with the beamlet blanker.



froma plane of the second aperture array. The walls

of the |arge apertures preferably encl ose an area
waewonmmwaat i ng the group of snmall apertures of PECTEP2009/054467

second aperture array, and the walls of the |arge

apertures preferably extend upwards to a considerable

extend in conparison to t he®t hi ckness of the second

aperture array. The second aperture array may al so be

[0024] ﬁcoﬁﬁi tsl‘alltangthg a?sn‘}—;& ﬁﬁlee} Ve%t PL anc%la ageéﬁ)%ﬁlc?e dmgltl-bearnlet

e r asp e nven
syster &frtelxﬁésﬁn takd et bﬁﬁg’fh @Iur@ljér? o BednflEts @q&esmea tBe §ydfc@Béomprising at
usi ng ura of be ets is provided, the system
least Qmmbmrgsd p@make sper&s tfor(meer@heg 8 ebrargedr part¢le bewuraseapeigwre array for

t b t
ereatig PPl nf S IR Y o SR e F i B RRR o Pu o ¥l
blank e BEAMRtsL BRI redrral APkHEtbRNerR AP &RY for Bl djedtn@Mehhitts on to the
beam ets, and an array of projection I'ens systens for

surfaggod Jﬂ@dtalrgn‘g wWheeen e deamlet blankes comnpfisesegradp-wise atrangpetsub-arrays
fd1§$ere|n t he beaml et bl anker conprises group-w se
of delifciohtged sub-arrays of deflectors. [0025] The bean et

bl anker preferably conprises a plate havrn? a.
[0025]p| mhﬁrhewl%blaalﬁérprfrf?r@lzlyrcemea%taﬂéaté ihAving A dplusgléy of apertures

forrneg ?ﬁe{r@ ﬁr ANd e%Fh a{ﬁ%cg)? %mh%tbeglln?et El%hkn%“r h§1lngg s@zltchlln% relectrode

€ assocCl a rtu

associdetvaat aﬂ’@eﬂuﬂ&aﬂﬁﬁlecﬂﬁ’é 8 begnlthRiaH tHrb@hatﬁe hbdifge. THae
swtc el ectrodes of a group of deflectors are
sw1tclpne¢lé¢tab1%§ ot v eIt defiestast aistnreferabbrranageted teedectric control lines
ran ed, in _a.si.ngl e Iln({e of ori ntat

arranghd i el e 1 Byt of hﬁﬁo%%?l IeoF ea“h ngwo 8?”29 of a group

are profeRbsr @Rlceddh bsdsed dirsctRRP FRek dekldepstid ﬁﬂéfera‘tﬁﬁﬁfbwded with a
deflector is preferably provided with a nenory cel

memofryeclicfontemstdliingp W@hmgcdireqﬁr@de pétherdglecterf, andeach memory cell is

ceeiriPhy SRSy EBMGRT Buroryiel e #eh SPTILLnE B comected in
conmféﬁ"ﬂ& 'é%wlo'r REluBR d'fgnéh%f?%@lse&f a JfogPMmoN to a row or
colum of nenory cells” of a group. [0026] The

[0026] i he’ﬁl‘étdn% 1dnrin‘%ﬂlﬁ§htr a%?arglggg}‘eea&le g t(Sj ﬁlte%%a%%g gliyr%bly

ets prere ers tor d erent

differd for difEreny peddhlce@nichiug. ofBbzﬁnllatsamkd blgnidhg eieddtion id (geferably
preferably chosen such that the center of nass of the

choseb eghidbet theegntestod mags Of the blagked besmless, aéthsela@ﬁt@p@é a bearn stop
array, | sru%xt’agtllaﬁ A/E[He n{f‘engsl tﬁ 8/51 tolﬂllleo b;i‘a h%eﬁﬁ%{s alt gald catlon The

e un ed ean1e SA&id oca |on dlrec

dlrectf@h ot gl Rebh 6Nblahkddl b@ﬁrhﬁe@h RHEPALEDS cHmYeddyiRank&I1] h@r’cﬁﬁdhe

dynam cally, so that the center of mass of the bl anked
centerpdapdse pbthe évdankbreb¢8@det§4 2 thegpcadiop @4 mbsaro stograriay, is isebstantially

subs antl |y 0Si of t he
the Saﬁrmri ol RS BRI 85827) Accor di ng
to stil] anot her spect of the invention, a ch? ed

[0027] parcherdéngﬁm stijl_agathat gspect of the mvention, a charged particle rnultl-bearnlet
system for exposing a target using a plurality of beamlets is provided, the system comprising
one or more plates having an array of holes formed in them for forming the beamlets, and a
projection lens arrangement comprising one or more plates and one or more arrays of
projection lenses, each plate having an array of apertures formed therein with the projection

lenses formed at the locations of the apertures, the one or more arrays of projection lenses

forming an array of projection lens systems, each projection lens system comprising one or



system for exposing a target using a plurality of
beam ets is provided, the system conprising one or
woreoe/1plest es havi ng an array of hol es formed i PCT/REI0N9/054467
for form ng the beanm ets, and a projection |ens
arrangement conprising one Qr nore plates and one or
nore arrays of projection I'énses, each plate having an
array of apertures formed therein with the projection
more lOFtrPl% %%ojgcq{oﬁgnsgg fo%]lg(‘i latocco%el(se[g%rﬁﬁi %fqognr& of 1 ro%%l b 1§1loret aerays of
one or “nore arrays of proj e enses Tormng an
projectioh #3hs&, WhERILEE nOMbEEITHrS¥&1oRMEns s§aEMs B Phdlet thatht aiiber of
system conprising one ornore of the projection |enses
beamlftsy seeibiataqace projesipn hais nEstpoipra ectd pluidity aebesmles pa to the target.
arrays of projection | enses, wherein the nunber of
projection lens systens is snmaller that the nunber of
BRIEBéHiR(RIPTION ORIHERBAWMNG®RCti on | ens system proj ects

a urality of .heam et.s on.to.the target. BRI EF
o021 B ReaoB e e HeaTisnih Resby B8 PR hishuens 8y
embodinds WGP irfihe Widvinfeykaiihher expl ai ned wi th ref erence
to enbodi ments shown in the draw ngs wherein: [0029]

F 1.4 > e ' : . : '

21, 167115 S B LSRN P pricte

beamlki lithogaptphystemst em [0030] FIG 2 is a sinplified
schematic overview, in side view, of an end nodul e of

[0030]2 her i b Miiﬁ@ﬁﬂe@éﬁﬁ@ﬁﬁ'ﬁ}@éveﬁi@lv{ ihiside Q3L lof Bh &nd &o%iﬁg ®f the

inmplified schematic of a |ithography system i ncl udi ng
lithogeply sysperdef FK¢tli on array; [0032] FIG 4 is a
sinplified schematic of the systemof FIG 3 further
[0031]1 NEAHIGR ih dmphifigedhapetid effdlithddraphy dyQ0Bd3hcltdifg agrdup d@flection
alternative enbodi nent including two condenser arrays
array,and a shaped aperture array; [0034] FIG 6 is another
enbodi ment i ncluding a single condenser array and a
[0032]s h&{}ed4 apesimptiBedsohayatid GOBS}ysEnGHf MG. § fartisir mpdludinga shaped
enbodi ment including a group deflection array; [0036]
AperiyFe gigAy:g t o 10 are al ternative embodi nents of the
enmbodi ments of FIGS. 4 for a single beam et per
[0033]pr djlEed isom aliernativg grobodimpptageludipg, teg eorderser praygraad a shaped
conceptual diagranms illustrating the concept of
aperturgla‘]ir%gl e beam ets per projection |ens;

[0034]  FIG. 6 is another embodiment including a single condenser array and a shaped

aperture array,
[0035]  FIG. 7 is a simplified embodiment including a group deflection array;

[0036]  FIGS. 8 to 10 are alternative embodiments of the embodiments of FIGS. 4 for a

single beamlet per projection lens;

(00371  FIGS. 11A and FIG 11B are conceptual diagrams illustrating the concept of multiple

beamlets per projection lens;
[0038]  FIGS. 12, 12A and 12B illustrate a second simplified embodiment of the invention;

[0039]  FIGS. 13A and 13B illustrate an advantage of the multiple beamlet per projection

lens arrangement;



[0038] FIGS. 12, 12A and 12B illustrate a second

sinplified enbodi nent of the invention; [0039] FIGS.
wdad3marmdsd3B il |l ustrate an advantage of the nuPCT/pP®09/054467

beam et per projection |ens arrangenent;[0040] FI GS.

14 and FIG 15 are further ﬁ) nbodi nents all owi ng the

use of unnodified or relativély sinple source and

proj ection | ens systens; [0041] FIG 16 is diagram

[0040] 6*‘@’[‘%8 4%3 1%0%% ?5%“] ﬁ b%rdlrﬁen*%se gﬂﬂ m glegulgle( SF udhd@Hed or

esanae

relatn‘égg@m PRGouck Bn@pﬂ%%ﬂb@kn@bﬁfﬁﬁ@ array 6; [ 0043] FI GS.
a

nd 18B are schematic diagrans of an enbodi nent of

[00419eTHIECT O fsﬁh&%ﬁm %h&{zi‘ﬂ& p@@&ﬂ)l@ %ﬁ%{‘t fak b B¥arflet lﬁ%ﬁ&@r bhApker

array; an 19B are schematic

[0042]?lI %9{}aﬁllﬁlstrgesf?anl aé)teelr’tﬂfaetallrr\ée co Pt%ld% t ‘t())efa (iIeetfl e tep a{nsay 6;
or a grou or arr eam

s A T SRR A0S0 VNG A SCAsL e

t | f exanple only and with
group d%? Sértglxcey&rbeﬁ&bg%&p%é?axﬁow FIG 1 shows a

[0044]SI rﬁg‘égi&g a arr%s'c]%em nq%%mT afeHl angd i1 grtng?élment of

char par ograp

defledas &t aUROHDH @éﬂee{o@@frayaar mgﬂblemelr @dhy. syst em wi t hout a
conmmpn cross-over of all the electron beam ets. Such

i thography systens are described for exanple in U S

DESCR@P@%NWILL%@?KA%@@E@MB@D%@W and 7,084, 414 and

2 which are all hereby |ncorporated by
[0045] r efTéneefnléemng is hegseriptromi af epgiousasgliogimeents of thhmvontesy gigén by way
¢ ese& / ntio ﬁ{the enbodi mrent shown in FIG
0 eX yip ﬂ%b ﬁ?c%gg#% %OMri ses an el ectron source

grodu0|n a _honpgeneous, . ex andlng el ectron beam
[0046] 20 FI@e RSt YD léedp%f:@at&bqirﬁww ot eaicHbRdiTnEph yeljayged particle

multl-k)%}%leﬂtlthgﬁ a]ghgpﬁgrgtreaftl)ag% @qntlag egec?rgn 168 g%a?%lte% g]ltpﬂut a

comm@h @€edsk-@ReiSefutiaRe gleet@rmhahyetk Spth ﬁtho@ﬁbbl@ eysteriait desciibed for
to -10 kV with respect to the target at %round )
examplg ik AatenhNos Aéﬁﬁﬂéfi 6s9él8t&0ﬂg“§d W‘% 4@n¢é.1g88@2 which are
all hel[eg 1nchpora & JEyy({:“getferg i elr 1];rer o % edeto Ce]t orv%]er Pk cio?eslc'nt
€ octopole e uen

1nvent€(ﬁi Hﬂ fh@teﬁfbohﬁ[bﬁlt ﬁlJv&Qf inqGl 1 ffHé llfh@gﬂabﬁy @sﬁé@ﬁ E(ﬁﬂpr’ﬂs@@&ﬂ electron
20. Subsequently, the el ectron beam 20 |££|nges on an

sourCfabérrtm@cmgraal}omogemmw\e&pmbks clgefran lgfam He Bsemrangrgy is

prefefy YT @) 1P leRcn BECRPG & Bpinal B DORS, 261 GV b e

acceleration voltage is preferably low, the electron source preferably kept at between about -1
to -10 kV with respect to the target at ground potential, although other settings may also be

used.

[0047]  The electron beam 20 from the electron source 1 passes a double octopole 2 and
subsequently a collimator lens 3 for collimating the electron beam 20. Subsequently, the
electron beam 20 impinges on an aperture array 4, which blocks part of the beam and allows a
plurality of beamlets 21 to pass through the aperture array 4. The aperture array preferably
comprises a plate having through holes. Thus, a plurality of parallel electron beamlets 21 is

produced. The system generates a large number of beamlets 21, preferably about 10,000 to



conprises a plate having through holes. Thus, a
plurality of parallel electron beamets 2 1 is
w@emduzwss The system generates a | arge nunberPOF/EP2009/054467

beam ets 21, preferably about 10,000 tol, 000, 000
beam ets, although it is of course possible to use
nore or |ess beam ets. Not&lfhat other known methods
may al so be used to generate collimted beam ets.

l,OOO,tbﬁQ %?elnrllllc- s,ealﬁlog;r%ﬁa %t'i}s Xf coofulrseeI eo%if)l%go ll?l eanmﬂl%tosf lézss Jbe@r%l%%shNo}e that

rough  a’ condenser | ens array i ch focluses each o

other ki®viehReHotOMmaP @R Ibe uSedto kehdtatchel RhAGEbRMI@s bean et
bl anker array 6. This beam et bl anker array 6

PT EfHRIARL Yy CPAREEGEeath B BT Bhistifrofbh RLAMERES 1M Which
“m4&each%é§%a6?§ ggedéf %Et?%g 2Hgt&P9%DrE&§§ %%S%EFEC¥?3ﬁnC
focusdzeanh ef the 2lkctrdibeandad @h sethelpdams ofin baymist blankdpeany 61 This
bl anker array re described in re detail  bel ow
beamlg(y aéﬂer s aﬁg‘i@ﬂy COMPASCE P r?]&ﬁ%géléﬁfkf‘éﬁ whirh presegch capable of
. I i r
deflock i oD MBI clochlR (RASNFRSH B ol nBir TR ol ¥y and beamr
blank&rQiffaly i6@sS dasatiballia nesredemgbtiow. | N t hi s enbodi ment, the
end modul e conprises a beamstop array 8, a beam
[0049] defﬂu%%q%ént@{ EiRYel &troR BearBleR 0] @6dritBerd IGASAAE 7 AN Hhodule 7 is
10, although not all of these need be included in the
preferallyl consdiiceed amdn iseyabia yeeccalrle ang edidi doherises vayloud gmponents.
.end nodule. 7 wi |1, anongst other functiqnps, provide a
In this et b P moiC AR LS tEEMaNRP {T44ah & bpPBREnSEry Ty O
and a bRbjddiBn (@R G amBnicht 20QithdiIsiot Al SF I htd b8 $R&dded in the end
defragni f cation is required in systenms generating
modujeaint] elrayedaybleaantaaped diffeeendpn.dl roohd IngodilepT efilé raadoingst other functions,
.defl ects. the be ets_as_describe | ow, After :
prov1cfeeaa@qrp?§n{f{?§t1@h@fa qﬂgahﬁ%etoﬁ O%tt}p.éesb%rggﬁreg{?% 1 thq_ r4ngs iSHé%2%(}]t1rnes. A
light B 1545 EfeicRicht Afburdd i Steh: QORGP bANI PR e cnd
moduleohfeicssbdy deflvafselic praorsts eddastritbedebetiva rAfet {qainkithd end module 7,
sensitive layer or resist layer. [0050] In the end
the beappdits &l impipgeonp sgfacs of Béaastdt ositipng] sty tayggtplangs ARy

: _ ' Ly . :

ihos AP Bto, DSBS K R ALRED ) g it

sensit@BO@r oEmtist by, beam stop array conprises an array of
apertures for allow ng beam ets to pass through. The

[0050]PeaRkIst QR AEIAYT, th@cledtforbRantetf O Mst ﬁm%rﬁ%ﬁ)lp%rray 8. This beam
substrate provided with through holes, typically found

stop ahwy &Jargtlyhieteghines theropshiap esgleaf/thalbsamlees. stheh. enibodoment, the
enbodi ment, .the substrate of the beam st array 8
beam S3P A FPBRRLSES OP AITEBAI GRer BFes PR AloN Dby P BiSh ateh. The

beam @tro? Eél)l‘ra?,fintitg HY POrHl‘? l:@rﬁ%ns%ﬁlg sﬂ@s‘(ragﬁ)r%é&?gitm&ﬁu holes, typically
surface |layer of a netal to prevent surface chargi ng.

roundlholesnéheuphadharashipes hiwg aiettel used Inbnacihppdmehi, die sdbgmte of the
not form. a_natiye-oxide skin |ayer, such as CrM.

beam stop array & is formed from a silicon wafer with a regularly spaced array of through

holes, and may be coated with a surface layer of a metal to prevent surface charging. In one

embodiment, the metal is of a type which does not form a native-oxide skin layer, such as

CrMo.

[0051]  In one embodiment, the passages of the beam stop array 8 are aligned with the
clements of the beamlet blanker array 6. The beamlet blanker array 6 and beam stop array 8
operate together to block or let pass the beamlets 21. If beamlet blanker array 6 deflects a



[0051] In one enbodi nent, the passages of the beam
stop array 8 are aligned with the elenents of the

wh et ztes$| anker array 6. The beam et bl anker BCT/ER2069/054467
and beam stop array 8 operate together to block or |et
pass the beamets 21. If beﬁ? et bl anker array 6
defl ects abeamet, it wll t pass through the
correspondi ng aperture in beam stop array 8, but

bearnlie{] Sft e‘ﬁd OWE ass th bn i kcggr sg%n&l r?ure malé)e% stolp S §tbuPlnstead

Heame r Qrra oes

will b@'BIBbl@éZitby&h@ §|§dﬁr% of bB&A sfob awlal/ 8. Basis b&diﬁl@“lﬂb]nﬁeh @rray 6 does not
correspondi ng aperture in beam S;@P array 8 and wil |l

deflect pbparplet, phayjibwtlepprsaghraugpbe coresphiedingpifcaicee mfbeﬂlarsgm array 8
| VI

and wif g B Gt mBroD e S gror RERTE 5 Ry g dndividual

beamlB8 My fRaSR 1Y SWikkeor akkeam def | ector array 9 which
provides for deflection of each beamet 2 1 in the X

an e
o021 G B4BE e O REE OGSO PRI AL BRERSDURY flov R
deﬂecheaﬁf edch barhlepas i thb BOagorV djrettioh psubktentallgrpcgegdioslat to the

0 and are prt%{ected onto a target 11, typically a
cq

dlrectwafOé the yngeBeqte bramlgs dhdNext.obs bﬁfanvieﬁs 24 owsy t&f%lﬁb yroarralon lens
t
arran%r 0] ec(? gll(ljé dre E’Ojgé{éa SIWO anI%ﬁg PIS rt%ﬁca ahw\ﬁ‘eg Qta et Rlane

anon

[0053]; O B%W?%rﬂ%“gﬁﬁﬁ? BSpEcy gﬁ%n? o éﬁ@?@%ﬂﬁ R Biccted spot
and aRBRE T BSic B BRANSHOR.RET A & RS s%pegr%%brhagegr@étérﬁﬁnes the

than t he di aneter of thé beanfets when they reach t
openuhgmgl@d)ﬁmbanﬂaythe Idmnorte of ttizoagbierteres jn bdaen stpe atray S:Brel pneferably
sl IqE QB T T DL G b N R VB oiap £ 1 ond
emboég%gg iﬂiﬁgc%tetqﬁ‘rep fPERand Q{S’q %{ﬁgf hﬁ\ré J‘dlﬁﬁ@tefi?:%(iﬁ b *Pﬁ%f of 5 1020 pim,

are typica e range o out
while ﬂﬁ: d“ﬂiﬂlet[eﬂﬁ‘&lﬂe} bckndctd2a mmpmglngfontﬁemawmsz&nrthe cﬂmaﬁbed
top plate iin_the present exanple limt the cross
embodanehi 68 tmcaﬂyr}btélmr@tge ofibH lRdRi’e Ht-her wi se be of a
di aneter value within the range of 30 to 75 mm to the
[0054]ab dhhe déaradterchivie asrivies fn beanhetop ahgaeS of thg preserR @xample dimt the

t hi th
cross (il BES bERR, *thisibla pEali S EFo ! giimbRe tlh Vg pnee of
30 to 95’ uﬁﬁ%osthte RbOHOAEE M, S Wﬂﬁltpﬁlérﬁlgg of 9%o P Pﬁeﬁﬁd ABrOfERrably
target 11. This central part of a beam has a

withirr the aanige of § taih® fror. o thirawaye odbresianyral Bucdt acheamidtfis dfoveed to pass
i rcunferenti section of a be t m st
throuéﬂ?eéyl ¥re | BV G- 9BOBI N FRES ?{dﬁﬁﬂw‘éﬁﬁﬁ@a ?rga Bgicipas a
relativR i%hn'cﬂarg BarRitd. SRACLEL 0P chbﬁnﬁ%ﬁﬁ@ec@oﬁl Il deaffet by the
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beam embtad'ayrﬁ ntsp lirfpely alperhincetheiopeing anglt oba beandyt i8 ther @nd module 7
ound, resulting in beamets with a 9enera| ly uniform

of theéﬁ@?ﬁnnﬁg ‘ﬁ‘?\lg ppthe amount of current at the target I'l. In one embodiment, the
apertures in beam stop array 8 are round, resulting in beamlets with a generally uniform

opening angle.

[0055]  FIG. 2 shows an embodiment of end module 7 in more detail, showing the beam stop
array 8, the deflection array 9, and the projection lens arrangement 10, projecting an electron
beamlet onto a target 11. The beamlets 21 are projected onto target 11, preferably resulting in

a geometric spot size of about 10 to 30 nanometers in diameter, and more preferably about 20



[0055] FIG 2 shows an enbodi nent of end nodule 7 in

nore detail, showi ng the beam stop array 8, the
waledobazicson array 9, and the projection | ens PCT/EP2009/054467

arrangenment 10, projecting an electron beam et onto a

target 11. The beamlets 2 1 are projected onto target

11, preferably resulting i Al geonetric spot size of
about 10 to 30 nanoneters in di arreter and nore
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tical cti on | ens arrangenent 10 and
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[ 0056] The, projecti on | ens arrangenent 10, in
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s 325,11 AR OSB82 P AD iR 1

platesprei Braabliy blys@niprisé pRte8lor SuBEhalves apbrtdtes formed in them.
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semicSRIcER PEBLERH ubing PeSB Qs tdpsIvAI-IBRIoNGER $hScBRSondBEbr K WMilustry.
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lengtH long(?lffjgl% tézxaelsj‘se a difference in focal

[0058]  Uniformity in the size of the apertures enables uniformity in the electrostatic
projection lenses formed at the locations of the apertures. Deviation in the size of the lenses

will result in deviation in the focusing, so that some beamlets will be focused on the target



| ength along different axes. [0058] Uniformty in the

size of the apertures enables uniformty in the
we@bmetiztest ati ¢ proj ection | enses forned at thePCT/EP2009/054467

| ocations of the apertures. Deviation in the size of

the lenses will result in deviation in the focusing,

so that some beam ets will b8 focused on the

t ar get pI ane and others will not. In one enbodi rrent
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onto P phB TG R PE S Rel SSET i e SEbieOR i@ S bcRink Metustry, for
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electrgd Iﬂé?l%hér%@nlplt\)/%&ﬂz éﬂr‘g\%v eéaﬂ)g .aﬁﬁfel"t‘ﬁxﬁsrd dse(gqgﬁséé C
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plates"Ieantlildadrtd bpdweanfplatce td auskthicrantd deteostatic leélafcshat the location of

0Si ti. arra ertur, I aI| ned
cach PR ity TufY deiafts SRR el Pt RpasdRPéen
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focus@fafné dbmugnﬂegmgmrfrnore btdndots, dnd ey sit effsctiwb dévcal ength aad an

ingle plLate is used, single voIt may, be used in
effectlcyg IejFl@ﬁ%rtlﬁ%t'low Ipﬁ;y%{erw 81?} ? aeh%_mg g hkfE 18 hléqyd a single voltage may be

used 1ﬁlc8ﬁﬁlf19[§otn%l'ﬂ‘fa gleorﬂlﬁgﬁlaﬁ@,%uﬁﬁ{ﬂﬁ?gea}os{a%% lenses are formed at the

location of each aperture in the plate.

[0062]  Variation in the uniformity of the apertures will result in variation in the electrostatic
lenses forming at the locations of the apertures. The uniformity of the apertures results in
uniform electrostatic lenses. Thus, the three control voltages V1, V2, and V3 create an array

of uniform electrostatic lenses which focus and demagnify the large number of electron



| ocati on of each aperture in the plate. [0062]
Variation in the uniformty of the apertures wll

wOo e®aliz76s81 variation in the el ectrostati c | ensSBGI/EP2009/054467
form ng at the |ocations of the apertures. The
uniformty of the apertures sesults in uniform
el ectrostatic | enses. Thus; 1{he three control voltages
VI, V2, and V3 create an array of uniform
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Slmphﬁg}n%?%ifwftw Sﬂteoﬁaféfﬁmu &lfrpﬁi?f/ Xq %@fﬁ% ?ﬁtm%?tﬁﬁs‘%/er%‘/?tﬁ@ and
greaﬂgpégﬁl ( % @Eﬁz@éﬁﬂ‘ﬂéé of the system and greatly
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[0064]emi8 ggrngo 1rnegt ?r},? é)cfacnglré}lt araddn% ns onnsélo?nﬁc’ Frtur%(s% ghere the

apertures ere’ rojection enses are orne

projectidn ¢ty € forrichiafe amtr@llar w{16iA aSbfcfan6é QuTficib teRAYIEfocusing of
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uni f.0 than roj ecti,on
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surface of the target.
placement and dimensions of the apertures n the plates are preferably controlled within a

tolerance sufficient to achieve a variation in spatial distribution of the spots on the surface of

the target of less than 0.2% of the nominal pitch.

[0065]  The projection lens arrangement 10 is compact with the plates 12, 13, 14 being
located close to each other, so that despite the relatively low voltages used on the electrodes

(in comparison to voltages typically used in electron beam optics), it can produce very high



pl acement and di nensions of the apertures in the
plates are preferably controlled within a tol erance
waedobiiziessit to achieve a variation in spatial PCT/EP2009/054467
di stribution of the spots on the surface of the target
of less than 0.2% of the nominal pitch. [0065] The
projection |lens arrangeneni "I0 is conpact with the
plates 12, 13, 14 being |located close to each other,
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whilegforsigpligigy. él??dbefml?tﬁn F 3 ienBowb Ereperg. as Trony the dgfleedor;h g more
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indlcalteeﬂh@ﬁ the adthalilensfplarichalen3ayeentiioas bé/t/ﬂfbéteplaifes)m and 14. It should also
nplicity, the beamet in FIG 2 is shown focused as

be noneﬁ éhﬁt tfl}’?éilﬁ@lfqeé’étbﬁw@n lawergtast platsuriaand trgpidanent lathiopld be very
small %ItIh}S%Slgﬁ ?ou%ior\]ngo? tlaebs%%gi fgéatl %e]ﬁigEhe g. as in a traced ray

woul i'ca at the actual |ens
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In this design to al or t ort fo
chargédeprgtuﬁes in06ii]ct Thenene (etrfoodhmemt; Itheagepet Mlaf 0VA gromnd pyntial) and

are preferably set so that voltage V2 is_closer to the
the el%‘lofla%@%fc%ils 4t ﬁ%ﬂ -k reAth oy E%taigett,hv fage Vi dt sbpye Y, and

sl V21803 SESFLSURIATY 1 4 I OF QBLPALBLELES, Wighwvoio
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beamletsf the dopplegy) affbetayget i%nog BatThe 4lssanw b%@ﬁtnat@@ phapsi(and other

compep e BRI R AUECHAL AL WIS B BHRLORR, o ocusing

and dethvigglTyida prejedtda 16ssé taliadic eswelnad Heeduction in the speed of extracted

charged particles in the beamlets. With the electron source at a voltage of about —5 kV,
charged particles are decelerated by the central electrode (plate 13), and subsequently
accelerated by the bottom electrode (plate 14) having a voltage at ground potential. This
deceleration permits the use of lower electrical fields on the electrodes while still achieving the

desired demagnification and focusing for the projection lens arrangement. An advantage of



beam ets if the topology of the target is not flat.

The di stances between the plates (and other conponents
w@boobhezreps 0j ecti on system) are preferably smal PCT/E$1009/054467

this arrangenent, a focusing and demagni fying

projection lens is realized,, as well as a reduction in

t he speed of extracted charﬁ@d particles in the

beam ets. Wth the el ectron source at a voltage of
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enbodi nent descri bed, one deflection direction may be
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Typic;—lﬁg aHehEGG! i€ 'Ibcg{edtaﬁglnaﬂ)l% dcBbn lefis, so that the focusing is accomplished

first and then the focused beamlet is deflected. First deflecting a beamlet and then focusing it,
as in the system in FIG. 2 and 3, results in the beamlet entering the projection lens off axis and
at an angle with respect to the optical axis of the projection lens. It is evident to the person
skilled in the art that the latter arrangement may give rise to considerable off-axis aberrations

in the deflected beamlet.



preferably transverse to the Y-direction and
coinciding with the X-direction. [0069] The
waeoangmweent of the deflectors and | enses of tPET/BPIN09/054467
nodule 7 with respect to one another as descri bed
differs fromwhat has generglly been expected in the
art of particle optics. Typi®Cally, a deflector is
Iocated after a projection lens, so that the focusing

[0070] de flﬁ J5 %LC ho%d h::?ré%sfﬁ @tno% sa/st% ft01tr1 Fnjihogrcﬁ Y 4 tb%gl%iﬂt gllroul(% be

focusddoidSioRliohéd ataﬁtrd Righ !pﬁecﬁsy&lt QUithi spothhiés o2 tcAR B BanohfREdds, tfith an
in the beanml et entering the projection |ens off axis

accurmrdn aize afnanegicteruiand a pesper pooutscy firethgerdas aif nandneetess. The
cti l.ens nt to .the
inventpf e Rz T HRecH R 2 rpchiod Frafeny BRFxaif NaRE i e of
nanon%té’r@ alvhy Bofth€ Bpdafi®li abt £b&@hileaxbsld2REly RbdICR%nidit-bR&cus
defl ected beam et.[0070] In the application of the
bearnlpr o ecter tmnsqlstheefmcﬁmy rdquivemertp ks vavubb@nt@ty lgrhio thedanteint of

ocused .and, positjo at ultr reC|s W th
deflecBa o G pEamist Spuk B ae o ol oy & et pe dteel .
size of nanoneters, and a position accuracy in the
[0071]or cfisy digsusyed mberes, ét Qrdemperchisye e @bicchws|af shsprelssgtion lens

f r
oran SEhEROI 080 REREB SRl P 158 o,
projed?iea Mdms tsystwaslsGh&@Sdnk Yhd REUPland &F tAS pﬂ)ykictl@lfl tenk ©@sdns is positioned
beam et. In order to neet the accuracy requirenents,
very qlcrﬂe sf,o thsurrgetsplons: Shys. thass 15 verelitdaspase &t betereretheipsricasion lens
and thg ail,r]gfét sza efIO{ é\gaaérglc&(?&fcf%%ﬁet%o n%g? S%VSQ‘ISES&%SE%E%E ﬂtlaﬁ %he focal
lengthodhdBld Be®f36dH [@MRed MEgRlIe eHat ¥BSdPlectolBr MIREBE bys@in bR be
arrangenent in view of its use in a lithography

located psfoserthetpinej cetfondens despitaiba kvidergichursdnce heofiragjsabeirgions with
ms is short, and the | ens plane of the

| ens syst
such g0, aitang %/UP?:PE | ens systens is positioned very close to
the target plane. Thus, there_ is verﬁr ittle space

[0072]] effheggpngsament phovgr BiEIES: band 3 9E therle ?%@ntaarﬁg&upﬁr%ﬁ% and

pYOJeCftl(é{é ééglrsr ?g%gé q cn‘r1 ?@ H@&?ﬁ%ﬂ%g &‘ﬁ?rc-r ﬂ v+ 2;1 %%‘hg Tfoc’cusmﬁ of beamlet

21, inlparictkd tdmﬂlhttawé&udtmtm siny (diﬁfalgﬁﬁ‘bﬂion() of thefog@ateayof at least
system shoul d be | ocated before the projection |ens
aboutd@@ pintes, anderefoiabiyrbovlcH0rtinedrc @ yptes Mhgse eacky By GcHOR fms system

focuscs otngr (?gcb %?ct arﬁ?a%ftﬁu%bcce;jﬁ 967 3 lc n)h?n S‘ys{ qrﬁlqgngacﬁ 90] cction

alr ra rea

lens syasre;in RS RbBGL gr@rrp bERBNAtE @ﬂ&@ﬁﬁﬁftﬁé‘rﬁ 1d@(wn§a b&aTets, cach prOJcctlon
furthernore allows a strong focusi ng of beam et 21,

lens sységre prayides dewagutieftion gf ﬁteld@ﬁc aqu 2p timgis zamd (reiefiaragyi ffoout 50 times.

st abo 1
i A S Biealir SE Bt S5 BB FRTafERs WRe P dion of the
apcrtd?és%n‘é%ﬂs@@béf@fés( %@)ﬁ%ﬁﬁrﬁff 96 H3&ISctRRl 1 YnsARRNLEARN §b afOfuéh
mets In systens where each

rcducq:;i: d}eed:m qmabhng constructlon of thc lithography apparatus, at a reduced cost.
Another advantage of this arrangement is that the column length (height) of the overall system
can be greatly reduced. In this respect, it is also preferred to have the focal length of the
projection lens small and the demagnification factor large, so as to arrive to a projection

column of limited height, preferably less than one meter from target to electron source, and

more preferably between about 150 and 700 mm in height. This design with a short column



| ens system focuses a group of beam ets, preferably

from10 to 100 beanm ets, each projection | ens system
w@emvilewss demagni f  cation of at | east about 2BCT/EP®S9/054467

and preferably about 50 tinmes. This high demagnif

cation has another advantagge in that requirenments as

to the precision of the apéﬁ%ures and | enses before

(upstream of ) the projection Iens arrangenent 10 are

makeﬁmﬁ‘é Eltho%gaﬁﬁ}? %i%stém QL Gi‘er%o u { u {) éhd %Caﬁsloorndl%felsq %h%eeffect of drift

ar a a r e cOos
ofthe@eyaaﬂb %@@mléfs ddalus t@rlfrﬁm&fmﬂﬁn h@ ﬁtraati shdreer @)@Jtrﬁléﬂpath The
ngth (height) of the overall systen1can be greatly
smallqrei@%de@ces heamiet@llg@@p@mrobl@ms prygl egiablgs p s@ipéfrrra@ qu@ cmlveiemgn

acal Ien of the
to be i B AransSRRGR nPet <y B Aeru S o TR S cghfonens of
the enBrdREL 1 ON colunn of limted height, preferably |ess
than one neter fromtarget to el ectron source, and
00731 O ARl X R VSR A 3% AR BT, i deflcted
beamlleistvhﬂgll‘oaoﬁger pystteougatc rojt@ionBysttman s bptitabaxiaMthub,tan
| so reduces the effect of drift of the separate

undeﬂ@(éfﬁmbé%rgleawblch avap rﬁ@uwdﬁrt By taastuhneallgry Rerpntoidoqusat the
targetgﬁﬁ@v%en%hgct%% ITS ofscng ip I?I{llt ql;é (tl}t- rf—%’é‘ﬁ% %?fegtecﬁlg‘t(f Heflection of the
I'gnnent probl'ens and enables a sinpler and Tess

beamleB®sinl the elaBigdult 6f Hiee disRAimdhitise @icaMGIRINI is POVEYERI, as close as
puts additional demands on the various conponents of

possitilge thp graiestign dens [a(:r@y 3? thhlﬁ way désflceted bepmlety sl sl be relatively

at ed Upstrea ectlo the .def| ect ed

close Jbo t§ﬁ¥ 8{1% C efi OR{(?caff 8?115 heél Rags tg Lpéxlght?%gepr&egtloencltenso%rray

Prefer@VI§ttRMidHeclidBardt ik ?@iltléﬁ@d?at ald 8 .to 8 TR R Gr&iEction lens array
beanm et whi ch was focused on the target plane will now

10, ortpecterablyods-dlase as p@ﬁSlbﬂmwhltlfamg@tanpn&welam froohetht projastion lons. In a

. . ut - of -f t
practil it fo niBrmdditRiivect TR oML BRmasG ks one

enbodi nent the defl ecti on arra%FQ I.S p03|t|oned as
[0074] | c}%h a1 apesmsnirsidssqrihed gheyjcebieinghn lcan glage phipe pejegtion lens

systentl hb ‘?s ratbggfocﬁgﬁ gg?}é {E‘ g&l tés 3S’aIndI 1|4 b e 6\%1@1 Eﬁ’e?%yy of the

axl s en t

chargédwpa@u@as fnhke prs@nesdcoaiing @NBe ahb@’tdimeﬁﬁ dterdbd ybdvbes kept
defl ection array is p05|t|oned at about 0 to 5 nmfrom
relatlweWelom 8 @émti%lﬁd mﬁ@ualm Byr apgelecgon pean.donpranme thq ey is

preferpr 8 ﬁ} tg laﬂ@utrlbﬁe\rfn 19hi ) %vgllggéen%panftor %mléat %t th aae%réet is

n a practica 0 acconmmo

reductd. Hod@verd wdﬂh%hanm &ferd; @ftmmgectpm@@sd chibRdif 4 hbdi¥akiBn in the
an arran%enent as descri bed above, the main | ens pl ane

Syster@inoret@QeSp bis éequiligh spasHis rss;ﬂéu@ﬁiq@wnﬁr@t &ﬁsad%tbmnﬂab@f&tcé @ne of

these Bihd HEAdk AR g iR Ry Ben SNEatuir iR d Bk Bl RAT I
arran%%ﬁf%nﬁm QCh iR BicStrola el fi R Fbs@RAY ForinSink Sllé&trdsﬁiu@tléﬂé&l Maving a low

ow, as nentioned previously. For an el ectron beam
focal feogthesqathgl the lankgs heme fogy clirgmatic aberration.

[0075]  Chromatic aberration is generally proportional to the focal length. In order to reduce
chromatic aberration and provide a proper projection of electron beams onto the target plane,
the focal length of the optical system is preferably limited to one millimeter or less.

Furthermore, the final plate 14 of the lens system 10 according to the present invention is



preferably in the range of up to about | CkeV. In this

way, generation of heat at the target is reduced.
wolomenzress Wi t h such | ow energy of the charged PCT/EP2009/054467

particles, chromatic aberration in the system

i ncreases. This requires Sgﬁflflc nmeasures to

counteract this detrinental“*éffect. One of these is

the already ment i oned relatlvely high electrostatic

made V?I'gt in to b?e D rrgJﬂFF ﬁﬁw%thgﬁtrtﬁl@ Rel gpq}m[e]b%%nig Jn %1detgﬁle lens. The

ros formn

thicknle§\sggatl ay hsﬂﬁeﬁrdb@/\bvftﬁﬁ a@he laBBGbMaboEOS 200t iR, | enses

have | ow chromatic aberration. [0075] Chronatic

[0076] abelf fs%ltebl% th %e%ﬁfﬂ@ haldi FatRIrORMRLL MVG%QO&J%T Q&AL mentioned
. I'nord to reduce chromatic aberration an§
aboveptoombtaie aaclptioghe strgareajecaeihibicatafn, ehdotmantabethorsbarition hiw as
arget pl ane, Fhe foc%{ | ength of the optical system
possﬂil% 15 B faBESt thessicpRRa 1@%/@%@9%% ﬁrr%ﬂgemé%ls conceived
t Yy

havinEYDEEL i . P ool A0Sy 0SSP e
requirethblleve edatable i@sﬂﬂhe Ipﬁjj@ithn\l@ﬂshﬁ&tbrabl?doeﬁrtgq&bvﬂbcaﬁ]ﬁclose as

bei ng inside the |l ens. The thickness of glate 14 is

possitie for t8e fasgst ninchy ih ﬂwffegh@ét the dafiestar isprefesabiptpcaied before the
proied T8N Ao AERUEY Bl R AR EL AL O b o
end maddilel7ak ltd/R)ba/te $o dufigctdeoagdib préjaétiodnensdithnp@meEmi10ta@ininimal
the aberration as | ow as possible. In order to neet
Hﬂﬁwﬂﬁﬁg@c%ontradlctory requi renents, an arrangenent is
concei ved having the | enses of the projection |ens
[0077]sy Sthermyyod idfstawedinal lossedrayt @gedibged abidviesarnefa bightyeptniaturized
requi.res the | ower el ectrode 14 of projection | ens
naturg, e rgpegt g PHgu dAngeT LAY e Jigles ég loqadilg e fghe fine order
of me Bk BIIARA L Brg afur L A rhBred AR LRGh AR b,
distano®esas bl irea tangemf dlgait €00 toe2(When r'Bitd distancedrome thelfinat plete 14 to the
arrangenent of the end nodule 7 is to |locate the

target e dt pisferably priakl g dhamy distanceibsivacs fe pipteniogdionnior a oheyt focal
lengthlmawg%r %Mﬂ{al gfs?&h@@ﬁ gecgllrgg th]V\b Ih ﬁle%&agulgﬂlcec‘ é%’l%tﬁ 34 and

I ehs array ove, are

surfac@ioff tlﬁ:twlﬁblzteq)rﬁaﬁ@ ﬁl&wdnﬁe fdtinsech@sip @lovementoftvidddr. In the presently
di st ances between plates 12, 13 and 14 are in the s

exem@rf@éren@p divaggh the lianss frometheHingkplaisd 46@ therfargst pleee iy 3b0ut 50 to
100 urn Inaoﬁe;eﬁr%cﬁ?ordlﬁgrgbto u;agsiag]g %)et%vggrg&a{nsj tliulx and g%l z a}n 4 ef(%(f %r% and the

dlstanb@Betf)vleélnﬁlbla%I ot &hdkHe taBudt PRk & gLt FU ANEThése RiseiRESRE Yelated to
smal | er than distance between the plates to allow for

the vodtagdsoY 1, M ead VBemgi the sm\métl@rapeléurm h8 phthedensenelopates 12, 13
d b f
and lifﬂ?faﬁé‘%m& PGS et & s Sinie Aoir Bt 8 Fft befers.

movenent of wafer. In the present]ly
[0078]gx éw@rq qsga O 50 reAY et e S BC KRBTGS e gpgrtures of the

lensespdfqﬂeepll't%s tl?, 1t3|'1c§1dt 1@5 fet nﬂ‘t%? 6f fn%eéaﬂf)égr tﬁ_ﬁg thPdiameter of the

coaxially aligned apertures of beam stop array 8, which preferably have a diameter of about 5
to 20 um. The diameter of the apertures is preferably in range of about 50 to 150 um. In one
embodiment, the diameter is about 100 um and the diameter of the apertures of the beam stop

array is about 15 pm.



100 mm I n one enbodi nent, the distance between pl ates

13 and 14 is about 200 mm and the di stance between
w@b@ba27648 and the target plane is about 50 mm PATEB®09/054467

di stances are related to the voltages VI, V2, and V3,

and the size of the aperturfs 18 of the Ienses of

plates 12, 13 and 14 for afl lowi ng defl ected beanl ets

to pass whil e f ocusi ng one or nore beanl et s. [0078] In

[0079]t hei: gt?lérﬂ%rl]‘ l?he rgse% des ﬁtgal sulbsl’l!%t[ pqgcﬁ 15 h? %he largest

ér o ap er ISeR5es Of

thlclmbas plederabldl id the raﬁgeaoﬂwai&eso 81500 e Tht @igialess dsraﬁe tustrate for
di ameter of the coaxi al y aligned apertures of beam

plate k3 1@pselatn‘r@éyysrsallmr@ﬁqra;btye&beneiﬂ ip 39Qwen,andiferrpdated 4 g¢latively

t
small P Qe Zu PR k205" B8t ShpSligthE pRAGEIGS B R substrate for
plate ENRAGHIEN0, .k, T8r 1 AMBLET 1 5052 RAH tforl Qs AP RNG0 LA
di anet er of the apertures of the beamstop array is

o8 48 TR L EUFA RSB YL BB

partlctllhr mlﬁﬂbéirS),f v@df@ﬁ ex@itd/ pérhotiheicpanigenahe aoistd ddef the 268 of the
The thickness of the substrate for plate 12 is

Waferr @dthe Qearheaditing erg- theytape foaMpye HBSYVEY 189 PRSIHORART GFRAsUIC).
The r{qgl{rﬁg S&qun %}}%rslé gt{noglhél:% 1t%5r§§(slte %dep%“ ntgg %é/ uﬁg(? Eetgtu%) size and

uniforpifysindiant @krddl, atend Sthesfaateeit 200 mm for 12 is
about 150 mm and for 14 is about 150 nmm [0080] The

100817t O1®Y otitdh &RtaiRfredrie she %ﬁtﬁtaﬁdlﬁﬁﬁéibﬁ §ACDY i@t elelectron
particul ar throughput (i.e. a particular nunmber o
beam lidhberaphe peseil rpeiutfonus yeqdepre fthss rosplative is detaimiacd by sece

he area of t waf er t he overhead tine (e.g. the
Conmﬁ"ﬂtﬁPélS RFampvEs er?é%te\ﬂé‘féé? féﬁ&r%nsea B iegt. f“b‘lr Se@%b‘%@ﬁ?léﬁtmns mean
t t y
e S NI, 5080k o 105 B0l colPgRold AL N ERBSR.
relatmmd deeaminenies @yal spoting. Of Hese thawt nibufiofBth bdam et anchthe

ertain feature size (critical dinension or %
Scattefle& Fienené SNk wceleration vBBagn TP rerebicapRiturcan i reaihthe fotal spot

size sl%o%i’(? hyé% t?lg sa %ﬁtjbf rﬁggm TB& ﬁs {h%%%ﬂ'% fgﬁgfceZs z% mgf&ly the
CD bL&|aﬁ~©tth@GE umfohhey mﬁipettantahldpxeetﬁﬁh@tf}ﬂlyatﬁine aetnﬂ@m laean
free path combined with acid diffusion. These three
requirgamtrwibicreomincabriadivplirerluired seRisiei ¢ rel ation to
determine the total spot size. O these three
[0082]c orfor eleotrérolpesint styetebeaﬂhe siaxgnem dingleebegmatutrenti is getdm][ieﬂtlby the
onelghe accel er at hon vol taq To res Q](Lfvﬁﬁéa f eat in :
spot sz ek qreagjellSpptnizc; the ST syl waay shal: g 5OR faformity,
the re 1%%%8?{ 51293&9{‘1' ffHd ﬁleasﬁlgtlgﬁeaﬂ?élrfe%gtof rﬁﬁ‘éﬂ*‘l@?s tﬁét?@le CEnt required
he CD but al’so the uniformty
to obtamrmi’ﬂglaﬂirodghputp Thet 4 kede rappiier oﬁlbeamists 1sa‘ﬂthteld| (leicfaﬂy @frore than
uirement will determ ne the actual required spot

10,00Q ?q@ throughput of 10 wafers per hour). For an electron beam system, the total current
through one lens is limited by Coulomb interactions between electrons, so that a limited
number of beamlets can be sent through one lens and/or one cross-over point. This

consequently means that the number of lenses in a high throughput system also needs to be

large.



[0082] For electron beam systens, the maxi num single
beam current is determ ned by the spot size. For snal
W@ pmb/1%i6z®e the current is also very small. To BOL/BPIWOR054467
good CD uniformty, the required spot size will limt
the single beamcurrent to ch less than the current
required to obtain a high t9moughput. Thus a | arge
nunber of beanlets is required (typically nore than
10, [ put of 10 [ r). -For .an
0053 AR RO E S BHEI 78 Bt AR BT AP ER e B
energﬂl Béh‘inlbt@ i ddhidved sb&h fhauthe i dm& BEaslbls Q%b@p&d&@@ fhto an arca
el ectrons, so that a |inited nunber of beam ets can be
compayable in siroteghe sireof @hpicahupisr cxmsure fisks- over poi nt .
Thi s consequently neans that the nunber of |lenses in a
[mmqhiQMmqﬁmbughmwpmayssmnhapﬁmsﬂéeﬁSmkbhbeﬂhapgﬁmﬁ@ﬁ&&$m
qr preferred, enbodi nent, ry dense arrangenment of
preferably g5 @‘@allll gnppssiblgrto |cgﬁﬂ;eeeﬁépaé1y %eégﬁq;t@tfcs lenses a4 pRss g‘dm a small area.
This UG L3h dbiy B b b PR oo e RS Sl c Ui osether
in a higkplosdityearfahgdntient B3O 8<ucdshire distanbe b behelcapeiid be 8cnhed across
the plates 12, 13 and 14 of the projection lens is

the tar;gﬁtefﬂ@faaw%oweg weduction inyhe gitgl) for p@ivandresigsoifipgpertures is
t I
hrmtecz hgé}aégﬁétﬁﬁ#% %ﬁ(ﬁ%ﬁ%ﬁ?ﬁ%&@g%ﬁk %u%?éi G/h%hﬁlremplelte gécﬁ)u I%HH §aglle
due tcoothe bﬁ@ﬂﬂﬁf&c&ﬂ@ﬁﬁ&n&h@@;@ﬁﬁr& Oﬁﬁtﬂiqu’osmﬁleatbﬂir@{bnﬁ ansichy caused
arrangenent al so reduces the distance the beanlets
by fringgdicldseof seighbrsthedensess the target surface. However,
reduction in the pitch for a given bore size of t he
[0085]ap ehicunmds-bieamlet oharged faytichasysfeacts uesiggedan atomidanahlyj r@iuce the
pr oqﬂerrs caused. when the plate becgrres too frag
spot s{75 WIHIS 44 i1 g SHEoB S LCTRIY st QpEFng BerTatg la tB%ysystem In

domg@?sﬂvl% Elg@?&h&@cf ﬂggﬁ@slh&[eg%g?&% E@&% tﬂ@/ E&H‘&% thtaPLfRnt on

nei ghbori ng
the targoaisgesd ipatdscd telimy stetoprsend ef sigin adist. mnhm sdngteti@ab) however, the
reduce the spot size while at the sane

numbgie{S{GEPRLIMPIGIRE ehdicriysethwriach PEnguage ﬁfétl‘*cé% dignenpop Kige. per unit
of are§ X? Eﬁrggluéugdf oﬂgl ‘t?éomalwam%% f’igtash(? I’Fe@é keﬁﬁgel%g\?g P?@éssnate

curren e sys

modlﬂwﬁdﬁﬁm)tth@ ﬂesﬁi}ﬁoﬂtﬁé gledrgddSpagti 3O sy s, %aﬁﬁdustsﬂi Ini d&tdil below, and for
devel opnent of shot noise. At the sane tinme, however,
optimpmencHgFBEIC @ftaraptatith wshiivelyighyicRy iy Kot is eqyeed, by way of

f 2 t
cxami g Gly BPRALERY G Bt JROR I ekl Bt BBl domenked
this pdine®&t Jp%%{ké ﬁﬂﬁﬁlétl%e rdsﬁ@s%haﬁbeaﬂaqgl Aslaa @hdi®NolcBnddh® term, in the
design of the charged particle system as discussed in

remaigidsr af theljettomed mndeat @f “pin smmdpfenﬁmmi’ra‘hmﬁh@t ptraqtlgétaSpect of the
th rel ativel ItIVI resist.is re ed,
concegyamn@ft élg(eaw%iz ogvi)ﬁ@gﬁqe); ‘P'i’ agppunis in order rnagmtude to the
CDsisurrently practiced to double that value. It is
remar ked at

[0086]  Not only is a reduced spot size required to achieve the desired performance, but also
a reduced point spread function of beamlets is required to maintain sufficient exposure
latitude. Sufficient exposure latitude requires a relatively high ratio of peak exposure level on
the target from a beamlet compared to base or background level of exposure as normally
caused by the peripheral Gaussian parts of neighbouring beamlets. Designing a system to

generate beamlets having a smaller point spread function, however, considerably reduces the



this point that spot size in practice corresponds to,
and is, as an easier to conceive term in the
wo eovailzmdes of the text used in stead of "poi nt PGPERBAI/ 054467
function". Another practical aspect of the concept
according to the inventionugf that the spot size
anounts in order of magnitudé to the CD size. [0086]
Not only is a reduced spot size required to achieve
ir erf or nance,. t. al.so r c i N -
charg (% e PSR PG R gy By PR REMIR g tve of he
brightfieds foif @i cedhurg@d Pasielcasoliriciubét he prudddiryl reqlireXdd@sefduced spot
~latitude requires a relativeuy high ratio of peak
size, lapassd cerr¢ngyaaid reducedh poinbsngead fingionamplesy eansigoraplyrmere than
lineargtgcaegagg ?110&%2 Pﬁ%%%%f%%%%}el %\ﬁ%%%g‘fegﬁ ogxiija{rregi tgghenr%ﬁlrfg{olnxfn critical
dimenSi8h @ BRUAMB S P& a8 BputDesi gning a systemto generate
beam ets having a snaller point spread function,

[0087] hov‘ﬁl\é%qui%%ﬁf ﬁ?ﬁ%@ﬁ%&&@@%&a&é‘iﬁ‘fﬁ@ﬁ&ﬁ% BgBéa!nﬁLtg in the system
current "that may be applied to the target by eac

creatcb@@rdceital probi@s daetd the obthetlingitddrphgbital eiéraciaiont b€ thehpasjgetbn

. particle source used, the preceding requirenents of
opticsrof gp@t-bepplet Sthparaphy eyséeas eldie piei petion, opH AN seetuistems are

‘ O ; . . . . | ¢
e e B AL GO0l T LG QDRI ey
the sySt¢dil Ehere (i do the nubber elitks Mat indy 6& Eh}'bsi‘oally edaliBdiswidlin a

~at the sanme wafer throughput. [0087] The requirenent .

relativiet stpal bayeas thaktha prajeqtivn optiese 1.¢-rihe prd projvseen epdie Ay exceupy in

b e R B Sbb B s o
can b@@nk@get&@f wahiihdst dRe@RIoas udind RREVARBMNIGIES iLEBnsiliB@bly smaller

rojection optics in such systens are typically

than th¢ mirlsd off heanilze requitgd doashaciatths désgned asdarphreughipat.f i el ds

of the target to be exposed by the system There is a
[0088]1 i r@re dotutiohés tounther thd inhagn o€ shet dpatturrryrabd g cabénser lens or

. realized within a relatively small area that the ]

series 9f goraenIcs iensp fhetcbyjalse reduciiedhe Pischopidhe benmigsddewevpythis

- [ [ e [ .
solutifi I Rt 5 R B0 ey Ol M LA ER LhEEY ignificant
amouttadec 0 Maisrisiadtedsivibld) iphrtichiafd @ it iR it Srcstdt RYuikdvdls, and

techni ques is considerably smaller than the nunber of
wouldyfagthregosmplisgigithetysten Qenraigct this apegptiey Tha peasent invention

avoids h & “%QR Ws -Bgeorso%the%e% %% gﬁd Al éWc’oi othlrs(:“d(ijallJ Cack lBe d&v%%& the

of “The aperture artay 4 using a condenser 1 ens “or

requirS€ FddRsticH oGO HENRAIT theeipeatre drhgredier alnfftithedueibg-des, thus
~pitch of the beam ets. However, this solution ' o
limitingyth¢ erdrey inreashy Fross-preral leis hivothe effeef ©f ovese theh paenorticnelly limiting

bea ts, which, causes .a.signi.fi cant .anpunt .

the ar o SRl o PERES RS AN Y R Ay preginuiptors to the
systen¥,| Ve RmpIOE cRUG ARNECtEEfHY TR TRBAons@NEhs Wkl Gorf MFICHBE a plurality

conplicate ghe systemto counteract this aberration.
of beafiflets pavessdna single @raj¢asion lens system for projecting onto the target.

[0089]  The principal solution introduced in the preceding paragraph, will be illustrated along
various examples in the following. It allows the use of technology corresponding to that
applied in the concept of FIG. 1 and minimizes aberration in the system while allowing a
disproportionate increase in the number of beamlets in the system. This principal solution

using multiple beamlets per projection lens was found after recognition of the fact that with



avoi ds a common cross-over of the beanlets and thus
avoi ds this drawback by dividing the required

wo eaariessh of the i mage of the aperture array BECDERI0H054467
mul titude of cross-overs, thus limting the energy in
each cross-over. This has the effect of more than
proportionally limting the “Amount of aberration in
t he systen1 This is achi eved by addlng array

the degl%?[ ﬂ% c? §2684dmRct o? grr%)é &Sk enc? n}otax%n?p 1ra1a?801ﬁp of origin of the

or array ondenser ens ‘arra

defleceddrirainldd g @eeﬂédl rs@ltHalt Y VﬁfuabB@iﬂﬂleﬂxSastlﬁi&@fngé FhiShdtin€ed to the idea
proj ection | ens system for pro ectlng onto the target.

that sqo@og@qal eamlor ¢ovdd fp‘aweﬂsbﬁt wplaoer byt rastibrsetiet or & Plerality of real
bearnlgé elﬁlpqr%cggia ﬂgetr %ﬁ[l?agpp 8mgtlplf? feagéq%i%tailﬁgug?]sagsqggl\e/ %{03 SHdn lens

systerh 8FAHARIIA8 Be %@ﬁsﬂﬂ@ ROAGIHsthiBidehAE adBRltiof dbdriitibRespecially where
concept of FIG 1 and mnim Zes aberration in the

the totgy bca@mmf the sybtbmwverg dastrdiuggdrapos mudtmaiciey Dflp:ﬂOEaB@ lens systems.
the nunber of beamlets in the system This principa

[0090]S O Btichd peftiongll wbthei pphrelityedivbahRtspifecetd ohreagti @ daeh projection
was found after recognition of the fact that w ththe

lens sypeq By ibacplanked étrﬁnafpoaém B gpring prajaton; fespigerggeording to the

presergg%%kg?g }ssa"i’sco\rltjgf; %'%g X E@Lttaeﬁfeg%v r ert] a}?)sftebrﬁ hlﬁqlgfgt e?n 'ﬂ%garnlet
systenh ARG iake e rddatdednobin@ntiplRsty of ntilietutigkapintaaale ssiteis arranged side by
~virtual beam et could as well be replaced by a rea
side. peam et, or a plurality of real beamets. In practice

the application of nultiple real beam ets through a
Um9usiﬂ@GeSﬁhmﬁm£$bmnmh@nmﬂ@y$ﬁenkagmeamm@ngmnbehpmmgnbmﬁ

W t hout disturbin t of aberration,

enabligg gp frcxgapsd fpphes 0 \’F@n% bH) %gé}&?ﬁr%t Isenafttl%léwge@%ﬁidmtraé the
I f
waferQk ?édhh&%p?)g 8%%’)?f %eh S i ehils @Mbgﬂﬁ%np g‘ﬂé& %ﬁfe lC%F S . g;?lﬁ? ;s provided

systens cause part or al
abovedfcaieablagke athiay ©dh elet dybteougfiF1GO 1 cbceasdn the cxjreleﬁsieo tenk efsy 5 and
m may be bl anked at any point in tinme durin

beamlgé@%hqr anay pratheyah WaesupslcHrer armyvt e gy sbsede located below
ey HRRD 40 Bl ot BLSORE 33008 RN AT RERE\ St o

the beagtAs hedoass tawbrds thddndahdédulOfpréfectioat s dd©d, thiragitngpenings in the
{stens arranged side by side. [0091] FIG 3
beam pfop g5py dragd thyAechethp sairerpardiag pep)séion dms arseneforged gnder cach
Opmﬁ%ge i nvention, for enabling an increased nunber of
am ets in the systen1 permtting increased current

he maf r, or redu %WSIZG or both. In this
009215y G de s Cigr iy Saprdb CqPEYESEASOE MY O Dletgs dith an array
of ap&tgpéé%omrﬂl%en}? L ABKR{onS 52N Qndlﬁg {ohtﬁe %ﬁ%{ ﬁfapgllt&e atray 4,
bet ween the condenser | ens rray and a et bl anker
condecasar dgns@rragalst droliglhmid é)l@kawma@e’f lE@:ctrodesa]ref ﬁmnﬁdSaﬂlhy location of

al so be | ocated bel ow arra The r p deflgé%

cach apeftys, HEhewapR Moss dedpl M@S &p aa%fl? GP?H@I“& g group
{

oD RS RE ST B T BRI B o s
in the array projection lens systems of the end module 7. FIG 3 shows three groups of three
beamlets deflected by deflector array 6G, so that three beamlets are directed through each
projection lens system in the end module 7. In this embodiment there are thus three times as
many apertures in aperture array 4, condenser lens array 5, group deflector array 6G, and

beamlet blanker array 6, than there are projection lens systems formed in the end module 7.



beam stop array 8 and through the correspondi ng
projection |l ens systens forned under each opening.
wo 0@922763he group defl ector array 6G prefer abl RCT/EP2009/054467

conprises one or nore plates with an array of

apertures formed in themat_ Jocations corresponding to

the apertures in aperture artray 4, condenser |ens

array 5, and beanl et blanker array 6. Electrodes are
005310 AR o R e G R s o R B il
numbé&is @B Behebls Pei frojRfPRAs &fstsn iy dRbIbeeked Bfd BfoupPbup to 100

beam ets 2 1 towards a particufar projection lens in
beamlehyer araragarpbofieastadshrough sachysejeeripndens systean dn arpepigreed7

emboiy S oDt B 4R 86 LR it d BB SeSigh G5 brojetion

lens sghtdrgct ed through each projection |ens systemin the

end nodule 7. In this enbodi ment there are thus three

ti ' t . .
00941} PRl FREY SRR SRk, SRRG A 1Bl Wopfrg SARIIRE e size
as thelRhandoduledr, fiy nbay ichasy aheteationlaplydheddsigns hhienga large number of

systens_faornmed in the end nodule 7.[0093] Although )
beamipneEDIoissHpRIcss pestenh B P tatesrismygis kagger amBTperIres in

, LS. Qf r projection |ens
themg%é%éﬁfﬁgéﬁgﬁgg&@%%g§g fhgg g?gﬁﬁgeof up to 100

00951y APRUPLHTY BREEGaT SROH SOTpTBPEY PRG0N et opening

angle, HrOHPRiIvEl A 11BS HThES WeleNinBAn@5h19Y stole/bddhich. BdrBer apertyres
defl ected through €ach projection | ens system [0894]

wouldAletiinougarger GeflQtioh path, thelddemayrs sdscef@ibl66, “talitfiEclienmgd by
approxi mately the sanme size as e end nodule 7, they

only raif! Blamig of aPB@f? lrf‘aml?tc%ﬂdawwé ?%&hea@émﬁfﬁe e s

avaﬂakﬁiro%e% a,r&gté%glféﬁmaﬁﬁiﬁ B&mIBf:0] ection |ens system

ch necessit a muc arger nunber of apertures

in.th 4, 5 d 6 i.t h.th d .
009610 gt PES I v Bt BeamiBR ot hECRER FlipLli P ainete
point $heR tBEy @derddct MU EhssAREHNEhENR tRERIEVEA HPRINCHT badtH k@®p array 8,

are relatively small as if they were limting only a

or at th¢ eig¢ativb éamipbne of thegelevan erajention lens wysiem elguiracsica the

| def | ect i h, | d be . tible t .
concenfigipilihe s GG SE Y TBHF B ERA R GG PRt shown in
drawiR¢§ R4 cgﬁ&'ﬁtrlﬁtting @B DcRlsht iU BRI sté Q%G\%?th chcat¥ 4 186K crror

space avail abl e on beam stop array 8 for anki ng

while bernehestsng thO 0&@lets at the icffeitpledersadimegf thepprofectimalehetsuld cause
can be concentrated (i.e. directed to a single point

a dosqfI’e {hey intersect and cross-over) either at the
rel evant aperture of beam stop array 8, or at the

[00971ef flo#htis designewathpngple bpamists nasties/ Birquep cagheprpicstion spssystem,

the ch%ygseh %Ia’lrllticlenoﬁircsa gﬁti Jots }IOh[eCOIlSiSt of a regular array of beamlets but of a regular
array of groups of beamlets. Note that the beamlets may also be deflected by beamlet blanker
array 6 after passing though group deflector array 6G. At any instant some of the beams in a
group may be directed through a corresponding opening in beam stop array 8 and projected
onto the target, while other beamlets are deflected an additional amount by beamlet blanker
array 6. This additional deflection causes these beamlets to miss the opening in beam stop

array 8 so they are blocked from reaching the target, and are thereby blanked or “switched



concentration will be somewhere between these two
poi nts (although not clearly shown in draw ngs), since

wa@oeongarites@at i ng the beanl ets at the beam stop aPCHEEP2009/054467
woul d create a lens error while concentrating the
beam ets at the effective Ipe.éhs pl ane of the projection
| ens woul d cause a dose err [0097] In this design,
with multiple beanm ets passing through each projection

> lens. . udiber char r ptic L n

off’ a3 g%séng%/dséﬁ%ugl eagﬁgro%% ?'b% egigos%ls'I ? T%erg (agt%rmﬁed by

the bea@Mlhriker a4y, aﬁﬂ e&lhogi@@ @fn ‘&%ﬁh&ér%d ad\otiaglpatterhbBbeamlet.
beam ets nmay al so be defl ected by beanl et bl anker

[0098]ar Tays6) B LES 1 ARSR s@ﬁerﬁﬁﬁ%&}gr&h&Hﬂhg gﬁﬁl%‘%&{ml%fs liRYheBd
At any I nstant sone of the beans in a group may be
modulti %, ecillestrdtén ooglepeanclansiglspoadeliyigg dm%nmupgng of Hepemiats tFOE. 11A
array 8 and prOJe ted onto the tgﬁg whi | e ot her
showsyesyitieat kavifiee vingle Beanalgt R PrieRlion dendSysismunsingly beamlst 21 passes

I I
oo AR e S 2P QR 50 AL GRS e
a proj&ti®a l¢dveyraagandit 00 KEk delﬂ@f:ted baaﬂﬂbn@nttie&ohﬁd@ed as aimpSarate
are thereby bl anked or "swi tchedoff ' as described

virtugr eV ingr g, ineliied 2pgle fipmot dibistent etigin dipdhesctypl beamlet
21. Fdi%%%rﬁélg \gﬁéneﬁe%g&% 1 qy defge%telagg 'Eﬂeqle§ rﬁ< ga{nl ‘t?ertreg%rfigdr ehsgag%rtual

cons

beamlgeRIW thlnﬁt(ﬁ@ﬁ}m Ralléfatiod kd'tha I’ﬁ@hﬂd)ﬁhél ﬁ@uﬁ@i\%ﬁﬁéﬂ Weamlet 21, and
~_diagrans of the path of beam ets in the end nodule 7,
similagly whien feamplet 2l 18 d@ﬂ@%@btp thgydglhitnid cefhbe iegarded gs ﬁglrtuﬁlebeamlet 21V

orlgmgtl F lgeﬁtlgﬁ%giglre I%f;j[ 8] élgG' %llﬁ Sho‘é\?lgleaplé%ﬁtl (F al\iian%ows a

systenb ﬁ@s’ﬂl@fhr@e PeaRBESHS prd]EQIANCBLyRBAI Edéh Seirilct Bﬁ-‘glﬁzﬂﬁ@ from a
stop array 8, is deflected by def fiector array 9, and

separdte pqlgé@nctnﬁsang)ﬂmpelw ipeedtion dena sy ety ehdifficrenangf¢se The net effect is

def te b ' d t
the safias et GRARNPRLCTRP FTorge et 5 CHMBT Qe O e B dhe
systerl bff:ﬁﬁ elrlB Q‘bbﬂuﬂe pM‘E@' ab&R R6 Heddcthreaal ot %}Jconﬁﬁ‘fse a rnultlphclty

exanpl e, met 2 1 is deflected to'the
of apemaneskié aseiglauctstddora&ltlaa mmgbuallatlb@& lhdrgft aRitvrap i g pat&ﬂmerdgopemng
h mallos%atlontothe r| E ctual origin of
ving GRS TP agqomm%fht A S

defl ected to the right, it can be regarded as

[00991vi Hilgal3 @@awh@ﬁatmdragfamgp HEsralg an pdrgnbagesd A @mcrmﬁdt he
arran%eﬁfeht qufth %1'?1‘? p%: B% avlet(r% 1[9%r0\]ae8{1% bf“e% sexs%ernz F}G HA sh s a_square

ows" a SYSt er “proj ectoh

deflecki6i ﬁel%l)b?hﬁighltﬁﬁqlvd b\eﬂml af p@éﬁealtﬂﬁ&au@gniyr RMreuREP@MahR] with a
poi nt and passi ng t hough a projecti on I'ens system at

typicat Ghfissraaritcamivg bgd .1 6 Aheithgtoneftfiespot sige thamesawe l@smaUsmg this

single defl ected, bea exce e curren
beamIF} RGO RS G BLEROF A TEg GRe G P R s ilon of the
deflechBRHENE e ﬁe@at%n?*ﬁ%’t’a%tt he deflector array 9 may

conpri se multiplicity of apertures 23 as depicted,

[001003 P\M}t ![]3@ sl?ownsgtilg déf?éc%ﬁ Ygfdlelt@{h% %re%gt?t{y ﬁjeg(’)se& rdesqgn, the

f ned
deflection ﬁeld exposed by a patterned beamlet 16B. Up to about 20% of the deflection field

may theoretically be exposed simultaneously by the patterned beamlet. In practice up to 200
times improvement may be attained as depicted schematically by FIG. 13B. In this example an
array of 16 by 16 relatively small spots is shown (the representation of the array appears

disproportionately large in the drawing for clarity). The multiplication of the number of



having a particul ar shape, to accommodate the nultiple
beam ets. [0099] FIG 13 is a schematic diagramto
WO bdongrrest e an advant age of the descri bed arr angBEREINY9/054467
with multiple beanl ets per projection | ens system
FIG 13A shows a square deflection field of magnitude
Wi, which in practice typically nmay be around 2 mm
and with a typical Gaussian beanl et spot 16A with
bearn BT b sy R HE Bl wdReli e Gbale it improved
beamIBPiRfAXiHTREsAItY inORAiMtaded PAEVS iRScaddt hrb@shpaf oft the system at
~deflection field is exposed at any instant. [00100] =
considerahly aBpnesdgoginplogy deddsee i anrascd by meashretof sripead dapensipn in
. _proposed design, the deflection field exposed by a
p“”“%@?terned beanm et 16B. Up to about 20% of the

deflection field may theoretically be exposed
[00101g; RitiSahebaad VB grerskberpaiicidzaians pbang swrbodiment phdgficstors for the

td ' tal
group Ry Ry b RA IR Y G BEPRY. 2 I D apcrtures e
formed/ praferably ddrobiyd Adey, ehaigh igllate Ir@hé empodimehns tishdun iy fohrded of
.. representation of the array appears disproportionately

silicon giyqfber; sgmigeadegteraigrisloprogfsapd ¥yng Propess wigps wellikeayn gmthe

. t . I, f .be,. i . .
e SRS IRLSRILE LD Bk R AL AT g i
known (0the ¥&dlichedittoe tindustr¢ 1164 é&émfp]@ Sithilg 1y 10 thaplatcaone@d padjection

even increased throughput of the system at
lens agrangeingat Hplthe btbhosmpladandeidivied selnigusd ascd ae grefaglly sgatealed
by . nmeasure, of critical. dinension in. proj.ectio
sufficiBpy BERTSCRY teeensiisAmifnisgla 5 Boforh nighy 4 s chthe gertures. FIG.
18A sAB®s @Hfﬁ%@'cfé'ﬁ@éto@mﬁd@cfﬂl 1 Snef Hmdnld 81 IHOR bRABKr&EO6 or group
array 6G and/ or beam bl anker array 6 of FIG 3. An
deflectarrezmpy 6G. apert ures are forned, preferably as round
hol es, though a plate. In one enbodinent, the plate is
[00102f orhedicfiécted IA txoormed withiara lsdpetcd spliast @ea ofbdimechdadn Wo by Wo.
processed using process stePs wel | -known in the
The deflsptorsiammt 69mpriees dspyiching slegieda 37wl acgpuibelegiads g4, arranged
[ ' .at chi t i it
sroun 8 e 0 35 PR £ DR B P AR FIPM T lrrodes

arc shpvataesingflc fcbangula] shapdsan tHieaabatimang &ite Rivitdlng tldetrode 32 being
I'i thography and etching techniques used are preferably
a straighirgleraentand gigrunil glestiedsSptosmpd 813 Urshaph slaveevanireundad py/at least

concailxg? éal]?)%g%%ﬁ%ﬂlg Mo tlslie %ﬁz“ﬁpe ap g}eﬁgﬁoﬁglg ﬁf%]atélgear b MCSuch a round-

a srnagre-d conprising” one

edgedeleSiFR Atlowd a ehodeadmpcamdsan, and AYilBaty thg bestikedRh edeEctor
array 6G [00102£wéhe deflector 3Ais formed within a

clemepigdig en ey qudpleo facdrates the inebnmined svbclyg visctropigs which may be

d.deflect r.elepent conprises a swtching el ectrode 32
used i Some SIPSHAEIS) ect r ode 34, arranged

[00103] The switching electrode 32 receives an electrical signal which generates a
electromagnetic field sufficient to deflect a beamlet passing through the aperture 33 so that the
beamlet passes through a corresponding aperture in beam stop array 8, and then through the
corresponding projection lens system (unless the beam blanker array 6 also deflects the

beamlet so that it misses the aperture in beam stop array 8 and is blanked).

[00104] In another embodiment, the two electrodes may be designed as two identical mirror-

image electrodes, and used with switching electronics to enable either one of the two



around a through hole 33, through which a beamet to

be defl ected may pass. The el ectrodes are shown as
waovphizresect angul ar shapes in this enbodi ment , PEU/EP2009/054467

switching el ectrode 32 being a straight el enent and

ground el ectrode 34 for rredei'gr; a U shape. However,

rounded or at |east concaveShapes conformng to the

shape of the through hol e 33 are preferred. Such a

electr?cPelg t? 8? 9&%%5 ﬂ}es I\xgahl e?ew%'rog ”‘R%l%‘ c}lg]?qrﬁge?f éel% 3! aglﬂi t%ound

W arr n enen &R
electr@dt. ThisaYof @Btﬁ’cu@dr%@vafr@d‘gehh tabedinche wiflcd etrhsiRedfroup deflector and
switching el ectroni cs which mag be used in sone
beam Bleblsetiamanit wherf 0U0B] cavtselt mwy be hemegicial ecdaflogte bagkwards” rather

‘ I t :
than G G5E FERaBRatS P ufi o pAElonef e AERTE A SeBelgnty o contal
groupRASIE (H8up MRUYDILERE bRARE WS d3Bc®Rg tNathet fRwhREMRbeamlct
passes through a correspondi ng apert ure in beam stop

blankingy eyl aperiphetak grewp téfteotingh “retmavardst’ fedpankaigag pr oj ect i on
| ens system (unl ess the beam bl anker array 6 al so

[001050efHIGC1 8B levdreaiit@tticdiagiant ofl at pori@seant dienyaf elict deflecton
beam st o arraé3 8. and is Dbl anked) [ 00104] .I n anot her

clemegydi Fskiridual glectrigal conaeativays fovmpedise cadsivishimgsectrage 32 of
cach dse\?lmg{’[é%@%heﬁ] '["1[1 . gﬁﬁ% %ng&}on ?&Sbe r? (ge %IosreeQa%lteth forming

el e enapl e el er one o

electrichong6l lﬁlﬁﬁ 8S ab QomRicH & stﬁﬁstdrébaolﬁﬁﬂe tseifade® e Lslhtc @ €he group
whil e the other operates as the ground el ectrode. This
deﬂeqtog aghy paing cenNcaronsd litheergby pifl etplybpelforkmgecswin the gxample shown,

| b Kk
a grouip d o%e’g g%gegyO% ¥v1el n%ﬁg%g 5%%1%%{1 acglptr? Hlag ?? alré{eac%htrm%rese
preferaBI@GENRIWEESds Sppbber siddidf a deREdibiedrofPiddbds. * The two

types of deflectors rmy be m xed, for exanple with a

[001 06ie HER! e% QP I aﬁe@@h %%?5&1? § Sé}{ 41{% 'ﬁ‘v@ h@%&ﬁﬁlent of the

ecting "f ur
grouphleﬁadtomagrayeﬂm atai/@dfelamﬁﬂmﬂder girouP ofIEIG. 8c FI(Elgl 9A shows a single
'rearwar ds” for blankin [00105] FIG 18B shows
deflecior FORBLOMPTEINg PG ﬁleafenhofg%?q%wa@fer AF20P ORGP d@ﬂ@:tor array 6G.

In thlsge(?;fzrl]ﬂnogi%gt{t tﬁg g{;ﬁql%l% ﬁg wl'[kﬂ? l[h\élchﬁ)l!le & GF &1 %ﬁ‘él?ns \go b§ Wo is

rohs a svvltcmg

utilizedfto €@eha claftlob ihOB6 £ hﬁdre ﬁtansvmasrebﬁmwed 3@ntesd Mine 6B OASnemory cell
can be nade, for exanple y form ng el ectrical
31 is prgterably formad at the inseysesying eﬁthewmrphlertq&rﬂse yemeryecell can use a

Varleti dF Lt?o%n aruc gs Qn ml%?r %ﬁ forrned %rsﬁg Qe& {qluﬁ F\)tv%[]f 'O the

Si Ny convent rona ogr aphy n hhi'ques.

semichiduchte iRHBMP| EheSHEMBLy c@ngsr@uﬁﬁea&d tb Mtczmg%ﬂécﬁ@&@ua so that an
will require 49 electrical control lines 35. The

electﬂ@@imlgtwl stpricdl @ themedreqrziob ) willli he apmiae ¢ the pparsiits sledisededbr as long
” def | ﬁgtor roup as shown. [00106] FIGS. 19A and 19B
ast rﬁgpaénss]&l FRETETT grans of an alternative enbodi ment of
defl ector array 6G and/or beam bl anker array
[00107@ (ffl(%}: shows portiqe al grh%iy\%y of the ﬁegﬂe@tor clements 30B. T%e control
lines are extended as vertical and horizontal conducting bus lines, preferably formed on the
surface of the plate of the grouped deflector 6G using conventional lithography and etching
techniques. In the example shown, a group of 7 by 7 deflectors will require a grid of 7 by 7
control lines, totaling 14 control lines. The control lines 36 preferably run in transverse

directions towards relevant sides of the deflector group. Each memory cell in the array can be

addressed by applying electrical signals to the bus lines for the corresponding row and column,



defl ector 30B conprising one el enent of a beam bl anker
array 6 or group deflector array 6G In this

wepdodereet , t he avail abl e space within the condT/REI0e%054467
of dinensions W by W is utilized to forma control
l'ine 36A and a transversely oriented control |ine 36B.
A nmenory cell 3 1is prefer%%ly fornmed at the
i ntersection of these control lines. The nmenory cel

using g%q -lm %%ng wold !1% % essmgornm*u?c’({ [UGLYES eﬁRﬁiW %r Of¥: sbe%liconductor

using nNOWN I N
memo?ﬁf@cﬁﬂ@%@é Q‘he lsﬂgﬁal&hﬁsystorz@ﬁl SRR B bell Wil €mROEEREton of the
to switc el ectrode 32, so that an el ectri cal
beamlgi passing ghrongdth aperhiee %n@‘wgﬁp@@mgwmﬁ msgogpptll-ed to
the switching electrode for as long as it remains in

[00108) hel hewmaupydatlettor at[rQOd(GE]npley@a gt@B-sivoweramgopmint ofandiefdual
of the defl ec el enents 30B. The contro
deflocfqrsleancatie il BB oreh JalicpimaCaRaT okt & not deflected
unifo o ?huagglhélg tdg&?ﬁph eﬁ% tlrlg %\%e ?E%ﬂr&céﬂ%@%&%ﬁtﬁ %gaysy bf RGfhlet
blank&rcimae 16t deﬂbéanilbt’s h&ﬁ’@lﬁlﬁ@i@h gmu;b aed d&ﬂera@dtt@almﬂgmmnt dfn
t he exanple shown, a group of 7 by 7 deflectors wll
conveFgeg e pad ﬁaf@rgraulbﬁ drreéf;@d Toveas s # Bifforgng peint plogoaVpiggnees

control lines. The control lines 36 preferably run in
[00109] r dnsitenstevedintedirnensthe guoap eﬂsﬂecéd)r@mimt6&a’ndie®amfblarﬂ@r array 6

defl ectqr. grou Eac ; r int earra can be
may b arBeeaan By aBrG "Br A Eaodimgna 6 ot
deﬂecltdrnﬁa?tﬂ(fepépetrﬁgs &Qfeﬂ@@tgﬁé‘gﬁm&]ﬂeg\%zﬁﬂl‘étsqg A arS) % ﬁartlcular
it-1ine and word-11ne addressing nethod as used in
opemﬂiﬁhl\healm stiphearay<te mihdo dellectiog thedramiets mddefabétﬂxgd Hseacf[lgmup

nal thus stored jn each nmenory cell wl| r ol
Some\alé%% L SiEonedy E A peeakly Arie e asered ﬁﬁ@cqoﬁ? RGAL &thé @F&%heém stop

I I oup
ey G FRRBSPREPAactes AT . Col) o KOOEI Tl
deflecltcﬁﬂ)ﬂanlkdltmiul(ﬂl&c deesd that @ henkitilsnkbdatmlas ifan-sighaf e applicd and

defl ecti ng action. The beanml ets are not defl ected
8

concepite éﬁ%ﬂﬂy towards fheqnd nepdulscvhemn sigaal iy anphed. fgvesyen ghigould

e r
e AL ) O RSB B R Sy 1Bl
deflectdrvidnkepimdin@ain @ativesdgRiiesionabdtla gawh of beaifletsSThus it is preferred
directed towards a different point of convergence.

to ha\{eobq@r@}lp deflegtereaiay 6G anddippmdlankier arrash@ cofisiupicd as saparagaly
controg%é%}(ra égr aqre%?a%rln %’r&raanﬁc? %r ¥ 6Sr63¥n%xlglltxé0 ?ach Q%nt%l(:on‘gpl n‘a S an

arrang@hRHPwEEE laf 6l n?/rﬁkllﬂtﬁiﬁ@ﬂ oAl abRspctifafigill 86 cohth® lines to the beam
unbl anked beanfets in each group to a particul ar

blankegrgeardeg td Iet brsarets thopugr (i.aya ° ormhlaly effdbffalnebltanlrﬁg arrpp), and the
beam ets t.o be bl d
eroup BRI Gt e G pet i BR S el iR RURY P s iongt the

groupb Bf«‘b(eaﬂlét‘s Iﬂﬁ’oﬁélﬁh@?fﬁj%&fbﬁ@et@rs&ﬁé’mﬁ preferably near the
rel evant openi ng he group of beam ets. The group

[00110] FIG. 4 illustrates an alternative to the embodiment of FIG. 3, including the group

deflector array 6G and additionally including a shaping aperture array 18. The shaping
aperture array 18 preferably comprises one or more plates or substrates having shaped
apertures formed in them at locations corresponding to the apertures in arrays 4, 5, 6G and 6.
The shaping aperture array 18, similarly to the other arrays, is preferably made of silicon or

other semiconductor material and the apertures are preferably formed using lithography and



def | ector/ bl anker could be set so that it would bl ank
beam ets if no signal is applied and concentrate

wheaaliztess t owar ds t he end nodul e when a si gnal PEBEP2009/054467
applied. However, this would require maintaining a
certain vol tage potenti al i;)nt he signal lines of the
conbi ned group defl ector/blahker to maintain continued
defl ection for a group of beam ets. Thus it is

etchm%rtgch%kﬂugéj ahd theg 1%0111 qapH 1refJ ?allcb 1P ESron &l § gci?&ya&gcisely to

ariker “array cons & &S separ P
ensur&@tﬂfdrﬂﬁtb@ﬂﬂl%rﬂoﬁyiﬁn d@zl,dzt iy ﬁlfapé abthy apérfiROYFHe alsbrﬁlkmﬁ shaping
proximty to each ot her. This permts an arrangenent
apertuip arrey Shmende Ircymdamuam, ne@thgrr hapal T&l@lshag@ a@ﬁarﬁparraefdlS may be
n or

coate @R Rapia s o a el ¥ R AT R ﬁeﬁ%ﬁn& BAL T ptemptiment the

metal & §fatype FRRNIABES € Tk H8AHRCIAde dKiPlaydiS sudificaMped at
a par |cuI ar single voltage to mai nta| n defl ection of

15U LB PLONTE Dl oo o

the behﬂl&tﬁﬁhbldg niedpeniire:| The rsultingoshbisbidrigatnbe wdll exifibit a more uniform
def| ector array 6G and additignally including a
dose disteipitiny- dperhaping apertery argy 1§Rdowhapagieg efpbe aRgriirestadr than of
fer S 0 r r
a Vlﬁlislaggfs?{%’% aot? (telge eér\}ll S?])HRS hla%Zlél tgﬁear llﬂfrggstﬁ? o#s"fléng %ec% mas less less d?pendent
on thd mﬁiomﬁa nfdghﬁmkﬂé fotd @edtétﬁb}aﬂﬁﬁilﬂg 513 Ueﬁ\mﬁaw @yhe ?blane of
6G and 6. The shaping aperture array 18, simlar
beam b&nkﬁ@rr@nf KeThiaresalisin the Systesn beinglaps puseeptible tojviriatims @r CITOrSs in

sem conduct or er | th ertur ar.e
the ar B A ST ROPRECA e B PloBghl B ARERLGN 5 Hn therey
becont8 Gtk Q&&sptltﬂ’@%_ Vahi@Behstif ehndode 86thd harklcRf er abI y _
control | ed suffi CI ently precisely to ensure uniformty

[001 lzgln ”Itﬂ%%hgﬁﬁ‘% %{5 re atta§ 8 1§?Qf&mg?oﬁﬁoﬁegqn @B@%Hﬂfn To Eﬁ%earn
pertur shapi ng aperture ray may be ro
blank&quiay &, cidier btfoer orghraipablyldfer afrapo,mdap@ny bie escdrii ayysican
~ may be coated with a surface Iayer of a netal to
Wlthob‘i’%?/é’fﬂupﬁﬂf:‘%%arﬁi’a@(‘gl ng, and in one enbodi ment the
nmetal is of a type which does not forma native-oxide
[001135 kiFAG] éjflbxstratsweh apeth@ravibodjroon of the safmespeinaipbriﬂuﬂt@m in the

systerBEt 98, ARnd 3R B Gogienbat e i fignapfhetured to
produé® féféét‘ K8 beahe207€ Stk s NG e SHERR a&%ﬁiagﬁlﬁ% HI a E¥NlcBhdendr lens

nore uni form dose distribution. The shapi ng aperture
array afrfagusm& thd $uh)o°beanma)g;mfg;mﬁrgbm plaapé? hod g@dnanglercrd:shaner per
of a virtual of the eams yrece
sub- b%?afaﬁtm 19 H%S%%)g{f EPRIGBH IS @S u@ﬁ%ﬁhﬂﬂ% fgediately
ot 197 - RATL L6 0k A 003 FHARATEG M ol .1
shouldbe ayted thal thie sari@sidohdeniser biearsys ireaytsithgerhBsBments may
susceptible to variations or errors in the array of
compYisSfsSug)e FRIASIYSH &08 AITAY OF }ect |9l SPRdsnees ks aHRYags Would be known to

apersb%’?&&ﬁm&@%eﬁi%ﬁ‘e%&@-%@ﬁ&y becomes nmore suscepti bl e

variations int e of the beam ets.

[00114] The sub-beams 20B are intercepted by a shaping aperture array 18, which in this
embodiment produces a plurality of projection beamlets 21 from each sub-beam 20B. These
beamlets 21 pass through beamlet blanker array 6, the blanked beamlets being blocked by

beam stop array 8. The unblanked beamlets in each group pass through a corresponding



[001 12] The shaping aperture array 18 is preferably

positioned in close vicinity to the beam bl anker array
w®200ei1t1ees before or preferably after array 6, PEnEP1009/054467

may be used in a systemw thout the group defl ector

array 6G [001 13] FIG 5 Intl ustrates yet another

enbodi nent of the sane printiple illustrated in the

systerrs of FIGS. 3 and 4. In this enbodi nent, the

oren LR SRR Sl TSR L PYR B bGP piogion

arrandehict 1@ondenser | ens array 5A focusing the sub- bearrB
onto a common plane 19 and produci ng a cross-over per

[001 152u briR@aMoBimdt §RFvnLR FIG, SREOME @a%@%l%& tﬂeedaﬁltﬁ‘ﬁa'h%}{ of lens SA

B, located preferably i medi at ehi nd plane 19,

and 5B rcad bie e sathaousk ders L{hﬂd&»ﬁﬁgﬁor%ﬁlaﬁo@ losg «hstamabet&vebrh eorglanker lens
nodul e 7. It should be noted that the various

array ¢l 4a¢ ﬁ%‘gmofi‘é‘ﬁ d) yﬁiﬂ%&ﬁglsqséf*aﬁsﬂ J# mdrdduatiy sam he Ftler ggne. Lenses

5A an‘a%@)z{rb Storfk ¥, ' fggéﬁng)?@ %@eﬂﬁﬁf eﬂe?%ﬁ %(L 4 Bétw@errc'&}ndgﬁser lens array
condenser 1 e€ns arr , as wou Be Known 16 & per so

5B an@fené kiddlilei 7) whivé if bﬁledicﬂf foe ltlecdtifcagth @ beaslet lﬁlﬁhﬁk’br B4in a'ﬁb&ler
sub- beans 20B are intercepted q%‘)na shapi ng aperture

cmbogipephamaray,giapertyres ismilascd Abanarehio nipvdeyeengther degree of

frocdh 1§ Bl @%@pe@gggg@% R?d%?@s B pass 1 ﬁi“oﬁé}ﬁhbeam et

e nked beam ets be;
001109 b JBS a1 8o e Rl B WG Bh R EqgHam of FIG. 3
in whigh At83uB@38mb BoRYENqifcAQ @6&1%&8’6@&&%&%{%39 atrfy DEABE AP end
array 8 and are subsequently projected onto the target
moduley’. Gloajpecdditorthd enisodamertng &i@nt, i embpdibibntixs tﬂ'ehmzlvantage of
enbodi rrené shown in FIG 5 has the a antage that the
fewer comBPRERES @RIGNS |ﬂéqq¢§<t@/szoaﬁﬁlsgr R HOR). § MK hager column
lengt, AR Cateith B SN et B C SV G YRR 200
Howebéy, dtigderbbddimeht\vadky alhd @dvaﬁngeb@f thatibodisientosfdIGL 80 ardaded
and 5B are strong | or exanple, beam et energy is
freed%mmnmﬂg\&@mé@ﬁaéﬁ&lépfthéﬁgb -ke48y 5B and end nodul e
7, which is beneficial for the strength of beani et
[00117b] dAGeT ilBistratas mriotdver merbotiphBet varoaof ty systerapeornpnisig an

is placed at,. pla 19.to rowde t. anoth d ee
apertiss e g ihf Biopra b8 b et Rk G 8T bEaR! blanker
array bOARM&IvdlaG 6 illustrates yet another embodi nent,

being a variation of the systemof FIG 5 in whi ch t he

(001183 Y518828%, 2% §t§ ALt SEt t¥ fa B¥erfi® ﬁ'?l%ﬁp | &R8d
1S i 4 o

5 towar e en npar e

beamlets’piosi Isﬂi@létbeﬁlﬁlldt_'béi pr@ecﬁidﬁ lénﬁsﬂ@&dis NENY. S%Q:hphb@ the system as
advant age of fewer conmponents (omtti n the extra
showrewrfden d evith the gddifiermgf %@pplna APSREAEERY & lﬂctlféd ip thie yiinity of

(before or after) beamlet blanker array 6. FIG. 9 comprises the system as shown in FIG. 5 with
the two condenser lens arrays 5SA and 5B focusing sub-beams 20A and 20B respectively.
However, only a single beamlet 21 is formed by shaping aperture array 18 from each sub-beam
20B. FIG. 10 comprises the system as shown in FIG. 6 with a single condenser lens arrays 5
focusing sub-beams 20A onto the end module 7. However, only a single beamlet 21 is formed

by shaping aperture array 18 from each sub-beam 20A.



| ength, and | ess chromatic aberration due to absence

of cross-over in the sub-beans 20A. However, this
wendodemeet | acks t he advant age of the enbodi neeit/ER£009/054467

FIG 5 of increased freedomin determ ning the opening

angl e of the sub-beans. [00L 17] FIG 7 illustrates in

an even nore sinplified version of the system,

conprising an aperture array 4, imediately foll owed

[001 19Zp PQé 22 gfugtli!ﬁesd \Zeft lagotilgr e%&iﬁ%ﬁq fh?%eﬁgr%ea%ry{%% %%r reaﬁng sub-

, Oor vrc
beamd idAJ sﬁd AbcRtuMadriaUB ﬂ)lr"cﬁ:faﬁﬂg basenlel RO diATEIHdSns8k Lefis array 5 (or a set
non- patterned beam ets, i.e. single bean et per
of coqﬁip@qee sop @tmaysmtﬁsn@y@déwbmd BriEbegn ctsaing @I@Stufwaé'ydsét dei focusing
th E ?/QA the additi n of gg dul
©su }SP% é?vrv%ﬁqs igov%segfedéag PRFY R %P?%‘P% O%F‘“%b bt module

7. BedMile®drtRink ABERATE 8kray hEnsk@Efe@delgaMlcﬁlde(H&orrﬁm%ﬁﬁ K ih@Sbeamlet
the systemas shown in with the two condenser

blank¢reamsry & r.aypsrabgedagiobesedtar weithngrayAB befaresir2@f aribe 0B way
respectively. However, only a single beamet 2 1 is
orrred by shapi ng aperture array 18 from each sub-beam

OB. FIG 10 conprises the systemas shown in FIG 6
[0012% tF BPIRieh BopdrinEHg el24. dhiscondenspslens pilenses agocus sub-beam

208 A RSPIRARY B Gr SRS RN BB .1

this exaBngflé, AR GRE0rSAHIYRERPAALRs [0 b Ieth Ififom dub-bdahUBOA, akteh strike
yet anot her enbodi ment wth aperture array 4A for

the begmesien fﬂgﬁYS& btt?ecmr@smdlweaw@rsp dlras the thegg begmiesy are projected onto
ens arra

the B TR ey FAOUFERE ™, hERRER e ler Rmoer of

beamSHBnBERPrédRBY b ApSRRE hiiye4B FéradciHprojdcBbn feS Seskdd irt (Y module
sub- beans 20A towards a correspondi ng opening in the

7. In dopraeticst apbatimeanyt t@pierllyeaelndo@licamicts @exah*t étrectterdefétqungg a single
rture B ef era

proje BT RS PR e LR SROE0As Shqwiyin FIG. 128, the

bearnl@f El@tﬂ&? grr&i O afiyldeask 'ﬁﬁﬁw&ﬁ?ﬂ Beﬁﬁl%@)Q 14BaRedprdt b@ﬁrﬁﬁYS # certain
Her way around. [00120] As separately shown

times mnorﬁbl(}o blam, therh. eTlusmdbmmtedlberb@Iﬁﬁd bemdet225 whehles been
sub- beam 20A ej t in or towards correspondi ng

deﬂe%ﬁ&*&ﬁﬂﬁ@%ﬂﬁﬂﬁ@&h@ ?aabstaP ALY § et t Bt BEALFRORERIE, t hi s
exanpl e, the aperture ar rai/ 4B produces three beanlets

[00121§ r dagep-dsisindoenatiopidhe EIG i IReemtipd meninthe ppgstuse plages ¢A and
4B ar& Pre?er 111%?% gteg 'Sh Qegr]g%tncg aépee?tu%7 hﬁ%ﬂﬁh&% ka é)c?du%e%%g@s of

no e pr o] on

beaml%bésztlemhé for@BekcARdy! hﬁa}75 1s| Iﬁreﬂéfa%@}I loe@e@béisdthk aite@Eted aperture
unber of beamn ets may be produced by aperture array

plate @@fﬂns desegn W@tégﬂolldﬁ prasiiges gysgnplmandh ceamgmioiagdns or replizing a
tica nment typically around 50 beanl ets
il B e B0 P AT s gl >

[00122]  FIGS. 14 and 15 are schematic diagrams of systems designed to reduce problems of

arounfi

chromatic aberration of the collimator 3. One solution is to apply the technology as disclosed
by US published patent application 2004/232349 of the Applicant of the present application,
which is hereby incorporated by reference in its entirety. According to this solution, a lens
array is included in the system between the source 1 and the collimator 3, to focus sub-beams
in the main plane of collimator 3. A first effect of this measure is that the chromatic aberration

of the collimator does not result in a blur of the virtual source. Instead, a “top hat” opening



projection |l ens system and this may be increased to
200 or nore. As shown in FIG 12B, the beanl et bl anker
wa@eooas2®ssay defl ect individual beam ets 2 1 | PCHEBIOU(S4467
of beam ets at certain tines in order to blank them
This is illustrated by blagﬁfd beam et 22, which has
been deflected to a |l ocatiohhon the beam stop array 8
near to but not at an opening. [00121] In a
angle 18 ceoptgﬁlﬁjrgﬁtpeﬁ} a}/naarbE%Eltlloo gang taAPsgecgn fgercgl %@'&%Iﬁ gglﬁga%)eaans are
image@hin tHetcBDin@it@thnaR ?Iahél Kz@th@hﬂic%nﬂ&&nefgﬁ[ﬁcﬁﬁ@rﬂ Wikd SHEnBizQUPIR is large,
of beam ets 21. The condenser lens array 5 is
and th,ys éiceabatptjon anglet ie dmblé it ctrivet 1 icegreaingdinglseT hawmisable or at

AB Thi d dvant ly d
teast QbR Rie SR T Be Famf s ARG B RS 5
COTES g1 PR S AR U e ”qu[ug%%]@%{' b et

e RS SRATRATR oy ALy RUSEEBi08 e O vy
divergiisg bhascpaas exticloye pubxipnitl tb she deliiad e ffitrst apgtire atrayofA . The focused
bhascpat @xdclo bl tbshed gt
2004/ 232349 of the Applicant of the present
sub-begs theseread aifHIreiRcted opde e pyin mlaroé greatigtqsyariagsl 8y Gpmavhere
the su'b %ehﬁlg dﬁfg}%,e lﬁ? Ego%f%&ﬁe%r ;lélﬂlglyth[g %ﬁPeﬁrglhelf%%ﬁfbl ap?esl f%nar fcond

ween e sourc

apertu'll@ drrﬁ}hﬂEB Chid deb®idodpedurd frd i cobfirdeeAnmdion ldda%df’ta tfincate a
_ plane of collimator 3. Afirst effect of this neasure

perlpheéal phgof tméoamaérﬁa&ubcbeaméw &@mtmlr payt of tesacesillimptgd swb-beams,
shovvlp%s tnéoggy ugﬁbg%ﬁurﬁeéltt 815 lbél rﬁnﬁ’ gcgﬂ eue\s/ tor 5 ﬁ@l{rﬁi #ﬁréglrr\ﬁr ﬁ) which
finallyadte ARl dtOD1 &NEH fro eetea %Qﬁhdtae%‘et @ptmﬂ@ss bhaked by bdagnlet blanker

sub-beans are imaged in the collimtor main plane with
array § ¥ groie d@ﬂammgﬁy PG andicomnlet blaskaspeny Ags la)n@tlscébr‘:lsnd the final

| ar ge nd .t hu he abgrration a
spernyrg 4 4C R0 ai it BehaTifo Ok B eRBM ReLEMES stoold thg fina
apaﬂﬂgBﬁ&@ﬁﬁﬁ&&uﬁﬁghﬁﬁm§ﬁn then be renpved by an aperture

down stream [00123] FIG 14 illustrates a solution in
[001243"1!15(1&. i?ﬁluwr{xtgyﬁl al%%nc&g tq ?IGI qﬁgﬁgluaﬁgt 01Ie% ﬁi arrangernent
n e condenser 1ens af 'S CO

using be® Sorafchay aﬁay§(5 Cnaldwygend wd btbll’irnato(ﬂ aMeysJilng alﬁ&aHB}))Bﬁtt
in close proximty to and behind a first aperture
providipg @rylrmmovemﬁélt frovgsddrasrissienms forpnce ficambets ay @eated in an

upperf%}laﬁg \Bﬁ@r Q teﬂ)eogcsi%% n%lthat Qtl lﬂlﬁn 19 farg Isffbsequ gﬁY 80111?1 Ce%yby collimator

eans diverge

array BRI thatIBE lulithoPtamidted 1 eRired BY tX@f ap@tude HEERUbecome
aperture array 4B. The second aperture array 4B is

parallgong thagentral axagipiohe b@'@@l@@ deeamg pamllféﬂéheaotienat%@amlets

f th | | A
cenerfiid by PhallapFn Rt L6 S0 SRR ER By 456 S ohos Biicpqpper tens
array S WrERMHD gjlo@zltédl BeHihPhe cERMIAUSR tl@BaGhmprditﬂ@@rSf Ju’fﬁy%G
array 4 finally creates bean1ets 2 1to be

followd@y@a: petteda tyHeatdat binkdrianyrfl, edecicankieid obylosetmthe focal
plane gk e l%oecrused and collimated beamlets.

[00125] Certain additional aspects of the arrays used in the preceding embodiments are
illustrated in FIGS. 16 and 17. FIG. 16 is diagram showing a possible layout for a beamlet
blanker array 6, with an offset row or triangular arrangement of array apertures. The apertures

in the condenser lens arrays, and the group deflector arrays in the various embodiments would



array 6). A group deflector array 6G and bean et
bl anker array 6 is |ocated behind the final aperture
W@eoas2 4S8 as descri bed before, for directi ng grOUPB2009/054467
beam ets created by the final aperture array towards
end nodule 7. [00124] FIG 15 illustrates an
alternative to FIG 14, in"ﬁding a nore conpl ex
arrangenent using two condenser arrays (5C and 5) and
also cg%rrﬁ ?ol J[h'isn% %ran%l%r%g}}{%}t,(\%ﬁ?i’éh %ﬂrgctfl .SC%)ITGQ Uotnij fP! Igfrrnogs Tt
I'mprovenent I'n oveFa ransm'ssion d%r ormance.
arrangBaRM €fttSie pfoj&tioAl@d sidlerdintREId SY&iIE Mid &letso called projection slit
corresponding to that of FIG 14, are subsequently
of thegp$teinmat ed by col limator array 15B, so that the
plurality of beamets 2 1 created by the fina
[00126apek tiefteetoamreayl 74(€ albeaaive bpakaldrel 6 s sleowrt, velicénitwigh a location
.axes of the beanl ets becone parallel. e col | inmated
relativisdg gh @ptige Hgﬁ‘ selgnssy lans qHRY a peseeding o tﬁlsyvnmhsg@nﬁer array,

[ . ar:
o2 ST B SR LR LIRURET 6 ORUATRE o inec
typically fvath ahzBr high dllingdadtdrebiére raramd 808 @ sub bedrwpettby a©in aperture
preceded by beam et bl anker array 6, iis |ocated within
array f\ ig Fia% k2o 12hand 628y orghaiscubsr oppring 9 it Biiegagfad aperture array 4D
as in ﬁ@ I1‘7 r@&ﬁ? o{?lﬁat)ry sﬁ%ﬁtl ingaqpegé;an %B?&&ld&%gf fh Hﬁlneter Dc as
aspects o g arrays used I n the precedi ng
projecidiagé Meddinsbimiti®n ithushlaskee drriyn6.Fh @8s eddingile thelcdnddnlsés. lens

16 is diagram show ng a possible |ayout for a beamet
openiiig baskeediamaetengt B0 Wit theamaxafmbigedellcgor aea 1 7 inathtpurangement is

arr enmen arra ertures, The apertures in the
deterrigHBRSER § 8hes 0 rfgadinig ogr QpoliErer Gagigicdipragyigment Ds

b i ou . | el
o a3 L RT3 SAMOI Dol s
virtualgid ft pokitieniag trRGe1R I thealysttmecopldiyeetst, bOM bl FnehBy gécnd@ric

in the end nodule 7 in the so called projection slit

diamegsir of Hie spgistienivoyld b 26 pmp ané f hadead pmapripf lgmagnification at the

projeﬁtﬂ%% rlgin%tsxsl?lcrfal% Erﬁd r%rogh?lx 7600{11%1 3 %8%/&?11 tlfonagll St 1Crlnevr\{|t Lgr aexernpliﬁed,
ocatron relative to an aper ure a condenser ens

be a fidtéraf 190 PWeb esk Rigin@ilarf sitioWing ®f tHtehdahdAKRI th@Eysed, tRe fitch of
as in FIG 12. Since in the present enbodi nents the

the avgibahdetrse to loette eg. ablenkardgfepter is (ypicadly lay aygatoft VAl he W2, where in

. high filli fact .here around .8Q0% S beam
s exighi i 430 igalpiv B Ciad P ribe St beat R pcs eps.
alterndtARly @notdd&p6is'of WhiRbeR2RERI Qi PhovA el BLESRS 960 BPRbITE
arrdy 4D as'in FIG 17, would only be slightly smaller
practitdthrs rtubndter 6fmalen@énsanictse asargicad medrearrdHoofdd hyr g eatndals.
here in conmbination with a blanker array 6. In this

[00127¢X 310! €7 ihetr&eNs R fed RRDHIREBALNGh M racdhpsiteirr8f4D with a
100 mm The nmexi mum defl ector area 17 in this

beamlgt blankeps aay 6 Ehajenper partier obll(sildeboss atorsacwmt e 8@ grated
aperturpenarlrllye QBI T En?eg?atg(l a?pne%“[tulrrei atl:rra%lris ﬁgs(lzénregi lw%’% HE S c%nn}%lqgionDs
constraints as the beamlet blanker array 6 in FIG. 16, with a field of dimensions W1 by W2.
Each field comprises a field of 49 beamlet apertures, which are schematically represented in
groups of 7 by 7. The lower portion of FIG. 17 shows a side view of the integrated aperture
array 4D and beamlet blanker array 6. Both the integrated aperture array 4D and the beamlet
blanker array 6 are according to further preference constructed with a thick plate provided

with a single large aperture for each group of beamlets, and a thin array plate having multiple



of approximately 79 mm For a 22 nmtechnol ogy node, a

reasonabl e nunber of pixels in a virtual grid for
w@omptizess ng t he spots of the system coul d be HOI/EPI005054467

by 7, while geonetric dianeter of the spot size would

be 24 nm and a typical §¥t of demagnif cation at

the projection | ens systen1 end nodul e 7 coul d,

according to an enbodlnent here exenplified be a

smalle%%?&%ur for aQCtQIHnXX(’Idu% mﬁ t1 e oué)f ‘fﬁ%ste 't}%{:‘k r%ia% eélat%s may

m e s I A e aval
cither @k @@o s&pak A€, &bﬁn&t 1@&@ loan Isﬁrgleqfratle e[s;warchltﬁe Iaygy dpatthids are first
an area of W , where in this exa is 130

formegmolpedipy the appitures. gihg darge aperiasinee e@blybfeewglttl@al walls Ve

surro e aos ol SERBG S eS 0B TR BPaLR oA gt SRR Apertures
prefer%rgmeangea ordal26nbean ets, arranged in an array of
4" by 14 beam ets. [00127] FIG 17 illustrates a

[00128§ Delfh%rtﬁlﬁ%ﬂﬁgg%:té;ft%} Ef% Elfnle@Blahf%ér%%r’a?%‘%ﬂd&&’e%rtﬂéJ§v§itc%{ blanker

er arra he u

electr@des FTHS behihls hewBring hggptuvdsed! aﬁrﬁy tber siighgly atnaﬂerabﬁf thd fapertures
4D. The integrated aperture arrag I.s desi gned
@8oq

of theyjjepmict hBnket et PrBRSFRHaRsS TS & thet &8 | dieat iicinvention, the
aperly BFEPERIREBYarRict et altiblloucdiffh Sinle HaIPHRL Aher

integrafd@y Kad tigSadvahtago B firthenet®itios alf ke meibeesenitRal dlments within
groups of 7 by 7. The lower portion of FIG 17 shows a

the sygfp@éomr@wb@f hasHbe digadvgntagethabip srmenedlifficnls o mmufpgure while
mamt%rlpg TR R B e FhA B BB bR bR aﬁéﬁéfr%te ARty
e AR LS SR L AP Sttt ol
s RSOTLES 7 30aa L 255 DU REHAAG spo ey o

a bearhla:t garehat@r fotigencidniag @ firakity ofibdarhlbisna pdaailetshlamkyer ﬁlrtchletrollably
two separ at e, connected plates, or. a single plate
blankrna bgHTISh: fih e fguoisgEn | RESiare 1y nrglectrrtgrb?éaﬂets on fo a surface

of the tﬁlgkto Wﬁgﬁe 18 I‘Bgatﬁfg?%eneﬁaﬁ&r ctoﬁpgﬁefc Zpl%agt %59 g&{ 1{3121%18% source for

ormver I Ca surroun

gener@ﬁ%@clﬁfgeﬁ@ﬁfticﬁ beape b kub-B&am gh&rdt@’f @ﬁnﬁl@&lr Iiltﬂrfaﬁty&ff dub-beams
%rou of small er apertures prefera q£y arranged
from the gharaed paraele beranwrind pdoamit eqesaterdafingyeraagropp af wdvidual

bearnlﬁ{' i} ?ﬁaga{ﬂh% tbI ag eam?[]irehe%aslﬁleg Chtﬂggrg% I(? ? s’?ern}n hlﬁlt%e?r?mpnse

erteI%c bea g apertures o

a sub-@éafrﬁlmaﬂ@u&lt& abal @Htihfucnbmbls&ill stibtdamb hﬁleadasrbtearﬁeﬁan@éulamr array
t he beam et bl anker array 6. In accordance with a

may be@ntarrey obstbobiamettuncetors foe tuneading iadhist rakeof. aps@brbarre and letting

contirj g ¥eind 1Afrog IR Pueapt T G it Ripalr e PPhga Forl rtne
sub-b@#hy, aﬁﬁlfégleceﬁfralebafrttﬂfttﬁbesfubf‘&%%hﬁﬁhe@fTﬁel"h%bfﬂéﬂitﬁ%a&ﬁulator array

optical elements within the system colum, but has the
may cdipeistvacel bigetor hiay for coléimating theisfib-bearhs. Tho syster g tcamprise

beam \?,l\{l](i Isu%-beams diverging up to the collimator array.

[00130] The system may further comprise an additional collimator array for collimating the
beamlets. The sub-beam manipulator array may comprise a condenser lens array, each
condenser lens in the array influencing one of the sub-beams. The condenser lens may

manipulate the sub-beam to converge the sub-beam towards a common point of convergence.



mai ntai ning the highly precise and highly uniform
apertures of an integrated aperture array. [00129]
wadavtizesal aspects of the present invention aPEI/EP2009/054467
further defined in a maskless |ithographic systemfor
exposing a target using a eiéur ality of beamets, said
system conprising: a beam generator for generating
a plurality of beanl ets; a beam et bl anker for _
The sEERLTPLFBE YoRlsAK B0, RS ATLE Sor AR RIAY Bl RIBL AEILAGN tens
systerf afte alvﬁ@csrgﬁto bé&ﬁﬁét@ |”Ifhetstiﬁ-bbzﬁﬁ M aatpubfsteial day be adapted for
conprises: at |east one charged gartl cl e source for
conveggng gRuphef beamiiy g@@n@imgtfm:fn e shlzdeqm toveands deemmon point of
tar .defini ur al t of sub- be fromthe.
convegg%f:eég 5 eﬁ((;ﬂ, group, tﬂtgg%rﬂ,gnogﬁamlgo ceomrggncgeogﬁprﬁl bemg a point
corres?@ difé BorR cﬁﬁ@éﬁ%o}éf:ﬁdnﬂféhy byrleehs. PRAALGLS JFE@BbEARIcbrated from

he sub- beans he maskl ess |ithographic system may
the behmrmndehe io dinprangebewstbs, 08 andreh Il Tar anmaer efybcholets generated

from sl B 0 4B B tigen Bt PUaLEaraitgh 1ons systems
may bk 6ta&Ath B9idnily 5She gﬁ%ett s@ffacR, fR1eaMmBRGe b&WekRg source side of

conti nue a second part of the sub-beam The truncator
the progaytidnr lam:syswmaatﬂeher béverletl geparmator of latdee then - chm:awp bwtwdea the
a_.cen art of t sub- beam cont i nues. sub-
sourcegig fﬂf{ filf‘ 65%%8}131 C%&@e EBTHPIF agays Tpay bs wad Gy tﬁ? 9f§9ﬂ%9 e sub-
Jolk| ams. The system may conprise
bea eg&hﬂ%h%@ﬁgg%ﬁ%% ?t\gler ging up to the coI l'i mat or
ot 8 el SR TR SRR s SRR GBFREL PR i
plurall¥e a%e%ﬁets Tthemsthad Q@ﬁmlﬂagn %@ﬁ&aﬁ a plukadly HEBeafmMAR coBRollably

a condenser |ens array, each condenser lens in t he
blankigg bagmictst progevting @eamletswm to hesudads-dh elanterect hvdhecam thergseeration of

| ens may mani ate,the,su am t onver h
beami B3 B B PR R 4 CbbRee RSB Tt Sttt Slib Siqub-beams
from the l@h&%@@d‘@)aﬂﬁé’le Beark %H%%Eﬁlﬁﬁ LRGBS ¢ gﬁm@wﬁlﬁia%eamlets frorn the sub-

corresponding to one of the projection | ens systens
beamsafThe methodi rsayofurthernt @nipemettetséep dftuptisally-rogapnlatengi theibutlpgams.

e adapt d for canvergi oups of heanl ets
The 08?963%«%3@?’%50? FBInA TS SOBUEANE Tl BPam 3 frpHt ﬁtb)mve%ﬂﬁnce The
Obtin RITPH f:
point gg{%g? ence tel 1§%g]l§q _i%r bel ntggf%?pﬁg I nt cgre?tlég%ag% dllntn0 glnleldual
beamlotsgthofpoinihef mp@enamlﬂwmmem POMBL oﬂ'dmavmgaﬂmrfooﬁle group of

sub- bea rategfro the beam.may be in the fq
beamIgis @raRACY fr@@ot 5riEb ontirgalhy Rejag 2 §pinh egsaeRding o one of

the pf%%?ﬁéf@%ﬁ%éﬁﬁ"@l%ﬁ%%*ﬁg@ﬁﬁ?"f‘?%‘f%%ﬁ“ﬁﬂé%"ﬁe%Et%g Eupwise,
manipdatihg dettedmidls acaediromtaysindle tutebdaar. get surface, such
that a di stance between a source side of the

[00132{]) I ofHRGlrdsORt ih@MSioR YR AELARE a hitehJaeA ks sieNRFRE ﬁﬁlng 2 plurality of
arger than a distance between the source side an tp

beamletsr the tmeshadf coowprisifigegenoting eehangedpstipgpeive; dm”m@hgf&@parate
bearnleg or Sub- %éaln?snfroorgl tltlehgeengr%te%ebeam converging groups of beamlets towards a
common point of convergence for each group; controllably blanking beamlets to generate
patterned beamlets; and projecting the patterned beamlets onto the surface of the target;
wherein each group of beamlets is converged towards a point corresponding to a projection

lens system in use for projecting the patterned beamlets onto the surface of the target.



and the creation of the beanlets. [0013 1] The present
i nvention al so enconpasses a nmet hod of exposing a
wo 200gar7686i Nng a plurality of beam ets, the metOOEP2009/054467

conprising: generating a plurality of beamets; contra
1 ably bl anking beam ets; projecting beanlets on to a
surface of the target, whei€in the generation of
beam ets conprises: generating a charged particle

[001332‘331@6 irg\?efnlcigl H% b%eﬁ ldgsrc%{)!c({ Yy 2 ff rg’ﬁlc%'tg €3 gﬁlggq{iﬁlggts discussed

harge par?lc € beam an&'&é?lnlng groups o

abovel NEvill BiRtoddeadltelt shdsé embbdditetidhRearBptibRao Retihi@dnddications

further conprise the step of optically manipul ating

and altdreatiyg Botyeand | kntver tlophese @i slalnn ghel aat Wishoutdgparineg tieia the spirit

conv i.ng t.he sub-beam a,point of. convergence. The .
and s R I EglioE S SRl Ry B Bt s SmpSEMEEH ARV Ren fobribed,
these 8RlekirhpBoh1hand B BRRingNipen kitdicpdsahe RRamRL SvhichN€defined

poi nt of convergence being a conmon point of
in the goongageng elainoy. t he group of beamnd ets generated from

t he sub-beam and optionally being a point

corresponding to one of the projection |lens systens.

The nmethod may further conprise the step of groupw se

mani pul ati ng the beanl ets created froma single

sub- beam [00132] The present invention also includes

a method of exposing a target using a plurality of

beam ets, the nethod conprising: generating a charged

particle beam defining separate beam ets or sub-beans
fromthe generated beam convergi ng groups of beamets
towards a common poi nt of convergence for each group;
control l ably bl anki ng beaml ets to generate patterned
beam ets; and projecting the patterned beanl ets onto
the surface of the target; wherein each group of

beam ets is converged towards a point corresponding to

a projection |lens systemin use for projecting the

patterned beanm ets onto the surface of the

target.[00133] The invention has been descri bed by
reference to certain enbodi nents di scussed above. It
wi Il be recognized that these enbodi nents are
susceptible to various nodifications and alternative
forms well known to those of skill in the art w thout
departing fromthe spirit and scope of the invention.

Accordingly, although specific enbodi nrents have been

descri bed, these are exanples only and are not

l[imting upon the scope of the invention, which is

defined in the acconpanying clains. WHAT IS CLAIMED | S:

1. A charged particle nmulti-beam et systemfor

exposing a target using a plurality of beam ets, the

system conprising: at |east one charged particle
source for generating a charged particle beam



an aperture array defining separate beamets fromthe
generated beam a beanl et manipul ator for converging
w@emaps’esds t he beanl ets towards a common poi nt POF/EP2009/054467
convergence for each group; a beam et bl anker for
control | ably bl anki ng bean1%%s in the groups of
beanm ets; and an array of b%'jection | ens systens for
proj ecting unbl anked beanl ets of the groups of
beam ets on to the surface of the target, wherein the
beam et mani pul ator is adapted to converge each of the
WHAGrISYpgsAIMERdan et s t owards a point corresponding to
one of the projection |lens systens. 2. The system of
1.cl ai mcﬁar]gwl%rﬁ&l@ M- bESRIRA ﬁfsteﬁﬁf(‘)'r Ekﬂc@fn%ra AP iRES pBrality of
group deflector array. 3. The systemof claim 2,
wherigiamldt) ehdyoiem @afgrigkior array conprises a
group-w se arrangenent of individual deflector
el ementslewdt bhe ahargedt puniidlo searckefor getidraihgactanged particlhigcam,;
systemof claim2 or 3, wherein the unbl anked beanl ets
i N eachn gpotye argy dehlirecicparatedcamitniyd®e thogeneragdd beam;
convergence, and each group of beamets is directed
t owar d$ bgardict meppnlatqsderrronyérgngrarenyei dhe begmlerpwwards a
system of  any of clains 2-4, wherein the group
dévma@p@plnép¥s@nVﬁggen9ﬂ Oy LWt h t he bean et
bl anker, the jntegrated gr def.l ect or/ beam et
bl ankef DgETIs, PRI feironBsoah, b g SRR Bl Giype pEbeamlcts
in _each group to a conmon point and not converge
bﬁgiked beanml ets to the common point.6. The system of

any of g Iaf?‘%ﬁé?jg:c%gwl%ﬁsegﬁtem%o rg}éggx?gi@gﬁ 2 LA of the

conpri ses avi ng “apertur erern

:Fgo%%ﬁ BFESNASS B kAiRAuh LGRS i@l ture, the

ctrodes receiving electrical 3ignals for deflecting

bean etmheRas i Moarhit ABHPulalR i@RRHIUE Sonvergeldagh &k §fups of
of any of clainms 2-6, further conprising a shaping

apedrhléfse@owinday pbit ceh@pomding feorRedmhepdjecBon [EhesyBdisem
of any of clains 2-7, wherein the aperture array

2 COMPEASS e ST ABRG L el EbhaliBlis P 3R AGe o

€ aperture array ap

sub- @QQ the shaping aperture array i s adapted
for %?%gétgf%g beam ets from

3. The system of claim 2, wherein the group deflector array comprises a group-wise

arrangement of individual deflector elements with a non-uniform deflecting action.

4. The system of claim 2 or 3, wherein the unblanked beamlets in each group are
deflected to a single point of convergence, and each group of beamlets is directed

towards a different point of convergence.

5. The system of any of claims 2-4, wherein the group deflector array is integrated
with the beamlet blanker, the integrated group deflector/beamlet blanker being
adapted to converge unblanked beamlets in each group to a common point and not

converge blanked beamlets to the common point.



t he sub-beans, the aperture array and the shaping
aperture array being integrated into a single unit. 9.

wabmogyssem of any of clains 2-8, wherein the PEBRRPBDI054467

mani pul at or conprises a group deflector array and the
group deflector array and the shaping aperture array
are integrated in a single™mit. 10. The system of
claim1, wherein the beam et nmanipul ator conprises a
condenser lens array and a shaping aperture array. 11.

6. The Bk &emQf afy 8F Ahibdd 2-3NeRSER tﬁé“ﬁroﬁqg BERRER Tarrh§ BSmprises a

array i S adapted for focusing each s beam at poin

cor rgsp (hﬁdi'h? @périurés foratehkicdNad BNScteMsd &dbcidtdd witheach aperture,
systemof claim 10 or 11, wherein the shaping aperture

ar r aic cleopades esccapgy dlentesl fighalp fodioficatigg degphigtsaglabdiyg thiough
beanm ets from each focused sub-beam the unbl anked
beantheaperofres he plurality of beanl ets converging on a

poi nt corresponding to a projection |lens system 13.

7.The SeMmQf afBf Qhinfs! 226 rﬁrtﬂ&'c%glprimg ragl} _i%% g%%rtugen%rray for

8

9

aperturé array 1s adapted for definin
the hsink e RERI&Ire array is adapted for creating
beam ets, the aperture array and the shaping aperture

B R A R
it e e S G S
wher gi ' ; . ar -

oS RS AR SR SORRL: LERP LSRR 16 AR Sl fom
second saRBAERS Bl dpSRFcAlafYnd ARANMNE: SREQRDarFQNIaNSEIcrated
lens array is adapted for” focusi ng each sub-béam at a

poi nhtocdifi@s p@pdi ng to one of the projection |ens
systens. 16. The systemof claim 14 or 15, wherein the

o oal B HCE G507 a0 or B a1 Rt SR Ll pamppios

o LRSI PEARN s aorre amy
conwgggh&gm?@hpggﬂle%ﬁﬁyesponding to one of the

projection lens systens. 17. The system of any of the

ngeceding cl ai ng, wherein the nunber. of beanl ets

1

enethgemPlichamdy 1 G begrglet MpHAMa{R ORRIRSE A cgidenser
projection | ens,systens, 18. The system of any of the
br 08t HEY AP SRS THE syst em compr i ses at
| east
1. The system of claim 10, wherein the condenser lens array is adapted for focusing

cach sub-beam at point corresponding to a projection lens system.

12.  The system of claim 10 or 11, wherein the shaping aperture array comprises

apertures for producing a plurality of beamlets from each focused sub-beam, the
unblanked beamlets of the plurality of beamlets converging on a point

corresponding to a projection lens system.

13.  The system of any of claims 10-12, wherein the aperture array is adapted for

defining sub-beams and the shaping aperture array is adapted for creating beamlets,

the aperture array and the shaping aperture array being integrated into a single unit.



10, 000 projection |lens systens. 19. The system of any
of the preceding clains, wherein the nunber of

wheanliztess generated in the systemis at | east PEOT/ER2009/054467
times the nunber of projection |lens systens. 20. The
system of claim 19, wherein the nunber beamets is
from 10 to 200 tines the niffber of projection |ens
systens. 21. The system of any of the preceding
clainms, wherein the beanl et blanker is arranged for

14, ndi pdyatehoRlANKI R cleamd %a?rnl@ﬂ‘m@mﬂﬁl%[a cOthpRRaMk@bRd second
22. The system of any of the preceding clains, wherein

a sidyatenspr Bheatd e@randi Q@ﬁap%%ﬁzilﬁfﬂﬂesarﬁgiapt ed for
projecting all the non bl anked beans of a group of

1pr ool vy R SR GRaPE T 0 SRR g @ Bontedfor
COmTL 585, B SRR I5Dh SR G R I AR RERPTISHEP e aray

eam Stop array | oc

def | ﬁlﬁttﬁgsé&fnd E@ld@ﬁs%meﬁg aﬁé}aﬁiﬁﬁﬁ%ed?fgor fJé‘Eﬁl g%ﬁél?mbggeam ata

any of clains 1-23, wherein the m et Dbl anker

Wdu&%n@sﬂanamglt@ enéieﬁ‘ﬂheercgécnaﬁ &y sqtén@ beam stop
array, the beam stop array for bl ocking beam ets not

16 B S sg%qf[é@aéla T B B st i et R AR g P brises
the %r f:tul%s ptr(gcﬁchg n@%{anﬁk@%%g&sﬁfﬁé ulbI eh tflagl%ed by the

aper%ures |n emao

of t ?M&Bﬁéﬂs@ﬁleﬁ %agsgﬁeangfaﬁké& l%laﬁl'ﬂe% oiﬂtﬂ@ Rﬁralrgfopbé%ﬁﬂets

a defl ector array o er and an apert

ar e RnOVLARbJih WAL y%n@ﬂ'lg%‘gﬂlé%f tﬁ@ﬁﬁﬁé&ltl}én fdnQ @31§t$h=°15

pl ane of "the array. char ged partrc e
| tj-beam et. systemfor exp a ta
1 ur i SO tRkat rercieriae §@§r%?rr RSS! dbeP et
one char article our t|n ar ged
oo DR n Y s PO i BE R P kP it ng Sems
sub-beans fromthe generated beam a condenser | ens
1&r r alhef systefodasy nfthepeccsdibg lskiams wherge thempistapeompriecs at least

array for creating a plurality of beam ets from each
f oc ukbYOsprBjcpeiens systems.

19.  The system of any of the preceding claims, wherein the number of beamlets
generated in the system is at least three times the number of projection lens

systems.

20. The system of claim 19, wherein the number beamlets is from 10 to 200 times the

number of projection lens systems.

21.  The system of any of the preceding claims, wherein the beamlet blanker is arranged

for individually blanking beamlets of a group of beamlets.

22.  The system of any of the preceding claims, wherein a single projection lens system
is adapted for projecting all of the non-blanked beams of a group of beamlets onto

the target.



a beanl et bl anker for controllably bl anki ng beanl ets;
and an array of projection |l ens systens for projecting
wheanliztess on to the surface of the target, whePEi/RP100®054467
condenser lens array is adapted for focusing each
sub-beam at a point corresppnding to one of the
projection |lens systens. 2 H-p charged particle
mul ti-beanl et system for exposing a target using a
plurality of beam ets, the system conprising: at |east
20ne Fhakeerh dah bEthR ppQUARE cladths, SEREIRIHMad]f PRABSE Gomprises
particlé beama first aperture array for creating
sub-Delaiing deMectdiarge Rl @b&sh hepairay tebQRsEPidyifoe blocking
array for creating a plurality of beam ets from each
f oc usanhisubtefertby ahClaatdn demkbrens array for focusing
the beam ets; a beamnl et blanker for controllably
| anki - qand a ' ' I :
24 ot SR SLAAL 22 Hilin Bl R T EhR s o

the ﬁl@tﬂ@l‘f‘é defRRE %551 i Eé%ﬂgﬁgﬁ §1rra§l, m&ﬁlrﬁ%p ér?agcfro]r blocking

adapt ed for focusirng the beanlets forned frome

sub-heaailtdhotAcRSHEE b Bk besRRNBlafigrt © one of the
projection | ens systens. 29. The system of claim 28,

whergin the first .and second. aperture arra are
23 nt eGIavaam 9feay ot B Rgrdingictms gvicri T AV AEs T e armay for
29, [ LISt rr onpr |
corshIRR: bMuc R EL bl Eo Pt PRI e 1 i o
array conprises a group of conparatively small
26apertherwsteamniraay péat@imgceﬂmg eeems, | verogin gitlkear oue er bethohe
first aperture array, the walls of the |arge apertures .
ext etfdlierigr tRraeTa Blatken andaninsHurco ray jee Er@zf%iﬁ@ witharallgegtending
array. 31. The system.qf claim 30, wherein the walls
of t&éﬂ?iy@@nh@§P§WP8§a@ﬁ@@83e an area accommodati ng
the group of small apertures of the second aperture
27ar r af ch@2ed fdracls yatl@beahletdyaiom B0 exposihp,a tadpet wiing 4 plarality of
wal I's of the |arge apertures extend upwards to a

conshedmieabltlee syxtemnwnipmisingnpar i son to the thi ckness of

the second aperture array. ) )
at least one charged particle source for generating a charged particle beam;

a first aperture array for creating sub-beams from the generated beam;

a condenser lens array for focusing the sub-beams;

a second aperture array for creating a plurality of beamlets from each focused
sub-beam,;

a beamlet blanker for controllably blanking beamlets; and

an array of projection lens systems for projecting beamlets on to the surface of
the target,

wherein the condenser lens array is adapted for focusing each sub-beam at a

point corresponding to one of the projection lens systems.

28. A charged particle multi-beamlet system for exposing a target using a plurality of
beamlets, the system comprising:

at least one charged particle source for generating a charged particle beam;



33. The system of any one of clains 27-32, wherein the

second aperture array is conbined wth the beani et
whb@nhlzrss 34. A charged particle nulti-beanl et PGEP®N/ 054467

for exposing a target using a plurality of beanlets,

the system conpri sing:one of. nore plates having an

array of holes fornmed in themfor formng the

beam ets; and a projection | ens arrangement conpri sing

one or nore plates and one or nore arrays of

proj echifRf aheMse drraf ?&_h:réhlti_ﬁ% SuiLBMNIGH tRY de¥ralld beam;
apertures forned therein with the projection | enses

forned aa&cdrlh%Fbmahh@@ forQbcdting aPRELINHHOEBeantlbe fidhEcah focused
nore arrays of projection |lenses formng an array of
psay-bedn;on | ens systens, each projection |ens system
conprising one or nore of the projection |enses forned

at cor respinsirienspoiantfer fofusitggtheoheandetsnor e ar rays of

proj ection | enses, wherein the nunber of projection

| ens sydranist blenkordor controliphty blpeking pasailctsifandean et s,

so that each projection lens s sten1‘roLects a

pl ur al PR 9ITef obRgieraesicansystsmsfar P@F@E{lg epmnletyp te {hgisarpce of
according to any of the preceding clains, wherein the
bEHPEEL bl anker i s di sposed after the bean et

i pul C [ ' fr : . 36.
The SyaPEmLE ST I Ay b R 5 dob g e PR HES formed
e Fo AT SR P oo b O BPRF e Pisciop o gystems.
ef fect an instant convergence of non-bl anked beanl ets.

29%7. Tiwesysipsr efrplaadc’sy tihagin e Ainy apd seonad ppesEqifdys are integrated
clains, wherein the beanl et bl anker and the beanl et
mani P YBFC 4P i ntegrated into a single unit. 38. The
system according to any of the precedi ng clains,
30nherHigsyatein dfcldi@obeacdcitthe rst gporaeartdyosongrise@neparatively
source. 39. The system according to any of the
pr ecdegicragertiras arsl thakeoed apdrivee poayntonyfriscon gengerf cempdratively
each the groups of beamlets is [ocated wthin a |ens
sy stsemllcapeppics comgesaobdingriostash largoapeTiuee wythe Bppt aperture array, the
accordin% to any of the preceding clains, wherein the
poi ntalbstot dmlpeaceatwen extending wveirdy dinss 2 pfan eh Hicseeonds

| ocated in the effective |l ens area of a
aperture array.

31.  The system of claim 30, wherein the walls of the large apertures enclose an area

accommodating the group of small apertures of the second aperture array.

32. The system of claim 30 or 31, wherein the walls of the large apertures extend
upwards to a considerable extend in comparison to the thickness of the second

aperture array.

33.  The system of any one of claims 27-32, wherein the second aperture array is

combined with the beamlet blanker.

34. A charged particle multi-beamlet system for exposing a target using a plurality of

beamlets, the system comprising;:



projection system4 1. The system according to any of

the preceding clains, wherein the point of convergence
wm@booeazisss he groups of beam ets is | ocated at PEEEP2009/054467

effective plane | ens of a projection system 42. The

system according to any of fhe preceding clains,

wherein the virtual point 0’ convergence of each the

groups of beamets is |ocated at the effective plane
| ens of a projection system 43. The system accordi ng

to clapfR br hoR! pldtds hWe & frdy T hBR MR8 iR IR PP FRRNR he

on to the target by a l'ens systemfor projecting the
beadrhietssaridn a focal plane thereof. 44. The system
according to any of the preceding clains, wherein the
el ect r apr@pitiondénselr@ngsrhat tomptisifig ognad merelpdacd @idsonofor more
the groups of beanml ets are enbodied as el ectrostatic
c enrppndpreicd vmtomses, cact platothaving abewny ef apcanstidrencd therein with
groups of beam ets of the system 45. The system
athedrdicntgon lgnsep jorated mhthegpcagiens eithe ppgrivecs, fisemeion more arrays of
mul ti pl e groups of beam ets are generated froma .
s PFRjPCEI08 hiseselormipe anREray 9§ PIofRCHRE l5Pe PYHF S Caghypreyectiopdens
precedi ng cl.ai ns, wherei.n the systemc ri.ses a :
DPGYG POYPRTINE BH dROh S M WIS Shass i futcsponding
elpgl%%sro%heo gﬁel ocrarilor%%gggsn &t Igr%jection lenses,
wherein the number of projection lens systems is smaller that the number of
beamlets, so that each projection lens system projects a plurality of beamlets on to the

target.

35.  The system according to any of the preceding claims, wherein the beamlet blanker

is disposed after the beamlet manipulator in a direction from source to target.

36.  The system according to any of the preceding claims, wherein the beamlet blanker
and the beamlet manipulator are located in close proximity so as to effect an instant

convergence of non-blanked beamlets.

37.  The system according to any of the preceding claims, wherein the beamlet blanker

and the beamlet manipulator are integrated into a single unit.

38.  The system according to any of the preceding claims, wherein all of the beamlets

originate from a single source.

39.  The system according to any of the preceding claims, wherein the point of
convergence of each the groups of beamlets is located within a lens system

comprising a beam stop.

40.  The system according to any of the preceding claims, wherein the point of
convergence of each the groups of beamlets is located in the effective lens area of a

projection system.
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41.

42.

43.

44,

45.

46.

-44-

The system according to any of the preceding claims, wherein the point of
convergence of each the groups of beamlets is located at the effective plane lens of

a projection system.

The system according to any of the preceding claims, wherein the virtual point of
convergence of each the groups of beamlets is located at the effective plane lens of

a projection system.

The system according to claim 41 or 42, wherein the beamlets are projected on to

the target by a lens system for projecting the beamlets in a focal plane thereof.

The system according to any of the preceding claims, wherein the electron optical
clements for influencing beamlets of the groups of beamlets are embodied as
electrostatic components common to all of the beamlets and the groups of beamlets

of the system.

The system according to any of the preceding claims, wherein multiple groups of

beamlets are generated from a single source.

The system according to any of the preceding claims, wherein the system
comprises a plurality of sources using common electrostatic electron optical

components.



