-1- PROJECTION LENS ARRANGEMENT BACKGROUND OF THE INVENTION 1. Field
of the Invention [0001]The present invention relates to a projection system for a charged particle multi-
beamlet syst%rpd 2soucg:r} asgfor a charged particle multi beamlet lithography system or an inspection
system, and ah end miodule for such a projection system. 2. Description of thE aAIEaAG
[0002]Currently, most commercial lithography systems use a mask as a means to store and reproduce
the pattern data for exposing a target, such as a wadfer with a coating of resist. In a maskless
lithography system, beamlets of charged patrticles are used to write the pattern data onto the target.

The beamlets are individually cor;;?%igdqq?ﬁ%%}ﬁtgﬁ ﬁﬂﬁyj %fwitching them on and off, to

generate the required pattern. For reso ography systems designed to operate at a
commerciall ce (ﬁable throughput, the size, complexity, and cost of such systems becomes an
obstacle [%éf%ﬂg WO?H e@\%&%arged particle multi-bearnlet systems is shown for
example inluFQ'i‘elﬁ)g gf}llgénff,gIQS,ZG?, in which an electron beam is expanded, collimated and split by
an aperture array into a pIurailty of beamlets. The obtained image is then reduced by a reduction
electron opti¥al systearesenpiojected witssinvalesi Thenretatidor eletirgedqpticek system focuses and

demagnifcs g (1%, BEATUG(S 1095 0ek 5. \ak R G50 REAMISIS s maned gnd reduced in

size. In this design; all the beamlets cro a common cross-ove introduces distortions and
reduction GRIPREGRBGH BN ahfbarborianadulsrisienheenaisetionangeaparticles in the beamicts.

2. Description of the Related Art

[0002]  Currently, most commercial lithography systems use a mask as a means to store and
reproduce the pattern data for exposing a target, such as a wafer with a coating of resist. In a
maskless lithography system, beamlets of charged particles are used to write the pattern data
onto the target. The beamlets are individually controlled, for example by individually switching
them on and off, to generate the required pattern. For high resolution lithography systems
designed to operate at a commercially acceptable throughput, the size, complexity, and cost of

such systems becomes an obstacle.

[6003]  One type of design used for charged particle multi-beamlet systems is shown for
example in U.S. Patent No. 5,905,267, in which an electron beam is expanded, collimated and
split by an aperture array into a plurality of beamlets. The obtained image is then reduced by a
reduction electron optical system and projected onto a wafer. The reduction electron optical
system focuses and demagnifies all the beamlets together, so that the entire set of beamlets is
imaged and reduced in size. In this-design, all the beamlets cross at 2 common cross-over,
which mtroduces distortions and reduction of the resolution due to interactions between the

charged pai‘ticles 1n the beamlets.

{0004]  Designs without such a common cross-over have also been proposed, in which the
beamiets 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 cach lens and to permit access for

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



[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 ¥¥<fcon of a large number of individually controlled |S§SEERHHO TG plexity 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 foiZindividual control signals to each lens. The greater
height of the optical column of such a WO 2009/127658PCT/EP2009/054467 -2- system results in
several dr cks, such as the increased volume of vacuum to be maintained and the long path for
the beamIgﬁfvg%v%ﬁf?ﬁrﬁsclr%%cgggagdé?‘?ﬁg%ﬁesg%fa %%enlr?%% S%%%?gurélaeu%ev& %J}Ilugrf % THeEElets.
[0005]A chatdgtbdipagtisith foutiisizamlexpdscidnappsratus ibediftlosddlinmmatentpub ieatidrby
USZOOl/OQf%JO%hJ%%E sure of a target. An illumination system is adapted to produce an electron
beam and form it into a substantially telecentric beam illuminating an element electron optical system

array COMPSNG 2R SRRLATS A RioELALAY. AR SIORRET U, TG FlGreRS ALaRAgale Aong
separate paths through the element electron optical system. A projection optics system projects the

resulting beaffkdtbihdorargetsarnefiivairrating Systaation s senprojdeisd omiedwystem use
particle-opficakianses Wihsns SRR S ASELMMO LI MeHbAN AR RIRAHAN DeAmIelRgalled macro

optical elements. [0006]The apparatus according to this state of the art typically comprises a sequence
of two so-CRIEH SYAITHSHTEAr PHIGKEEE SOBIBES, Witk Pisrbaisaay, enérsgensversrohitnon to the

beamlets withing $ebRkirlegeniricieams.of eamYR s While nRinsiplemutiple.colymns of the type
described above may be used side by side to increase capacity, the size of the lens systems involved
in this typd Qi< APHEARS IS EBIERTS thmvpralEnsdicqobiernicticstasemabro bistisalistements as
known frogydhaaseeakl/Hesians ipiehyass use particle-optical lenses with lens elements common

to motre than one electron beamlet, so-called macro optical elements.

[0606]  The apparatus according to this state of the art typically comprises a sequence of two
so-called symmetrical magnetic doublets, which produce two cross-overs common to the
beamlets within a set of telecentric beams or beamlets. While in principle multiple columns of
the type described above may be used side by side to increase capacity, the size of the lens

systems involved in this type of system make this solution impractical.

[0007]  The use of macro optical elements as known from these early designs for charged
particle systems, does not permit the beamlets to travel straight throughout the cﬁarged
particle column and makes uniform control of the beamlets more difficult. For systems using a
very large number of particle beamlets, such designs are thus considered sub-optimal in view
of ultra-high precision requirements for operations such as overlay and stitching. Applying
elements for individual adjustment of a large number of beamlets is moreover considered

overly complicated.

(00081  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



particle systems, does not permit the beamlets to travel straight throughout the charged particle
column and makes unifoon control of the beamlets more difficult. For systems using a very large
number of particle beamlets, such designs are thus considered sub-optimal in view of ultra-high
precision reqthfeHiERE¢8F operations such as overlay and stitching. Applyig BN individual
adjustment of a large number of beamlets is moreover considered overly complicated. [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 gurr inbtlhh stem. When redycing spot size by a factor of 1.4, a smaller point
spread fu r%%ﬁ %ﬁ%‘%%%uc (fa%r(gggugg%ﬁ%fleoﬁcé‘asr%cl% é?gcre}’q%lﬁ%%‘} ocyr%%ri?f%g' mé?(?)uo%"% S %Fﬂude. The
current pedibearaletdropstssanfaotbilotifomstusctoithets shalldd REFcgivefrtmtthe 6Qnent per beam is
defined by ¢ systemcanstant €, a source rightness..and the fourt wer of the PSE. The total
current onpt e target, in a}n’a%oya%é%énsag{%%-g\}\fa gri?psst’(}afdd %1838}(5) ggc\?rﬁﬁ% %zﬁ&u Flrgflsé?%lgr&&-aﬁ) the number
of electrorrsaber sqgatednticd adnme tbrng pasdldidagraphyhile tiresresispsefiditivityesiounld double,
e.g. from 30 t0 80 R0 RELLN @HQ L’t 9asjam 'rgg_ai&tohrou hput, the amount of additional
current requ‘iire% to reaﬁ_%z%rca ne “ttech(r%!caa?l node(lgn (L:L%Jlargred peéa%%gﬁl %%Sr?gﬁh??‘r%&ﬁ‘fﬁé’s an eight-fold
increase ifnisblesmBitdd vifen oityatemcanstaririghiteesnumibberefibbeants tnafiesystem, and source
brightness, WhissysiRRLoonsiatand soues Mghinass AR RUREio ipaayted extent, the
number of beamlets in a system can be considerably increased. In a practical implementation
processindrwiapstation pirgetsiandalcriavindprehraubibirdiz thasebiytoh avkfets getchour, the
number of heamirisyiRauke s iBeRIAaE QHaRs AN P RARAS IoALNdIedR ol ysands. [0009]0ne
system addressing such need for a vast multiplicity of beamlets (beamlets per square surface), and
also addrdssidigdneldiifiettids encountered in dealing with aberrations as encountered in common
cross-overs as in the prior art, is known from patent US 6,958,804 in the name of present applicant.
The lithogh¥I9RYy sySrervaehstitsysihes peterthRids tbmbinsmt of beyalyribripNeiPer beamlets

maintainegyaarseRals Rathtol AdWINALHR SRMTIRRCERSIOVAY BydeprlyiagiatiRyedmRakged particle
optical members, such as electrostatic elements, virtually throughout the chaggg garticle system,
T

including (S BPUEEH oM SPLHEORFRRSSANEIH RS HiffRTORios 5/ Evet frrenortrgle RASebiamn of the
system allgwsprepehessiaphialhoftheteanlals istha sysirmmang dosspelsequite specific

adaptations in respanse to differences in field strength over the cross section of macro components
such as a MR Ib%%laeﬁ?grrﬁ%l%[ﬁ?} e%%f?f’?ﬁéebgrmf“?\ PSR P UBH i tiBE Htrayed elements at
least more@asibn allowsrapplicaipriaf hiehyfcecsencyawitthing .wiiehbsdifficultif not impossible at
macro coanonents,sulch as macroiéj, even this technology is f; ced with limits as to

lectors. Yet
number of Projaction TeHechistame :ﬁé@%@ﬁ&%{% HAPEE AT IHRTREBation and close

distributioprofdetis: pyste Mis peimplartititctacdn practics headlems paaierceurterettir flash over of
electric fiesldgtecr)}tL %H(E’SE uent %(r)o'?c}:ig ]I_Fé}st %I%@e t%sin tt?)e chtar ed (E rticle column. [oalp]Where
existing cRATgaH PArcle Beart TEehActody et itaR s it B gIEpRY @%‘f@ﬁ% forETalvEY course
patterningadfpmasgesiforspasin pleifeachiave feidcatcdiriensions ofB0 eonandfhigher, a growing need
exists for @Eﬁ%\ﬁ%ﬂtg g}&(ﬂr_gg %nrggérg c'ﬁat?&:%&’eaqs %gqaugr@ the prior art. Moreover, the application

of arrayed elements at least more easily allows application of high frequency switching, which

is difficult if not impossible at macro components such as macro-defiectors. Yet even this

technology is faced with limits as to number of projection lens systems per square surface, in

that at ultimate miniaturization and close distribution of lens systems per square surface,

practical problems are encountered in flash over of electric fields of subsequent projection lens

clements 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



4 considerably smaller critical dimensions, for example 22 mu, while maintaining sufficient wafer
throughput, e.g. between 10 and 60 wafers per hour. BRIEF SUMMARY OF THE INVENTION [0011]
Embodiments of the present invention aim to proviéle a multiple beamlet charged particle lithography
system able to achieve smaller critical dimensions, for example 22 nm, white maintaining sufficient
wafer theongikpublfosmedimpte hetwvbereidoand 60 walorsgEr hony. Wik insightumae dyifigient
embodiments of Otllgekt%{l%sent E,%‘é%”éi??o‘%ﬁﬁagot%% @éﬁh% fesolution can be obtained in a multi-beamlet
charged“b%?lc es nv Bf"consﬁerably reducing é)spo(f Size while at the same time considerably
increasing the current generated in the system. [0012] Not only is a reduced spot size required to

achieve ghaglesiragdparfornaneg Pt s aFaguced point spread function of beamlets is required to

maintain sufficient exposure latitude. Sufficient exposure latitude requires a relatively high ratio of peak
exposurftvd| oRthedinsatsrohile puaremé iebbaredito asEovidsakgibime heoatlst éﬁﬁ&@.re as
normally capseds iy the peripheral,Gayssian Ao ngighhownhbRamiets,Desioniacga system to
generate beamlets having a smaller point spread function, however, considerably reduces the charged
particle sdvfermeriamag e Bisptiddvalendheregmy. dacrbaaniebdooes] thendk §lirementsst reduced
spot size, increase I i r f ion impli onsi [ se in the
e Y Bea e Ao e T o e of
the projectigntopticsrin ke nubitkibednet systbirhasmich shenywicaliytitkitexbtom bizacorrdgpoinding to
the size ofithe dig,to.6% exRosed. Tha nymber ot piojection lenses it Gan b, constiuisted ithin such
dimensions usrsr%g Known {echnlques IS consw}erabciy Smaller than the HuMBEF of Dearniets required to
achieve tthesggsined wafer throughput given the above requirements. [0014] Embodiments of the
present invention solve this problem by providing array manipulators in the system, which may take
various f6ffh3] sublvtasnéy gscupdefid ciprtanraycgroondenssn ¢enshardayirol pgesturenamaytfasairecting a

plurality of beamlets in grouéoat Watr.ds a@ggle Projection lens. This measure permits a considerable
. a. reguce r‘%%mt s]p a I%C iont o1 b ciS 15 Tequire ta mzan amn_sufficient e]gg)c_{sure
increase in the number of beamlets'in the systém, without'a need to design and manufacture a lens

miniaturizagthie. tReféxiramepxtert lastpdefozjiddn thintrndy Mgniptilatdrsedknabpadime isadbine
invention thus teach to a\%oid ven further ? .
the farget from a beamlet compared fo 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

charged particle current that may be applied to the target by each beamlet.

[0013] The requirements of reduced spot size, increased current, and reduced point spread
function implies a considerable increase in the number of beamlets in the system. This creates a
problem due to the limited physical dimensions of the projection optics in a multi-beamlet
system, which are typically limited to a size corresponding te the size of the die to be exposed.
The number of projection lenses that can be constructed within such dimensions using known
techniques is considerably smaller than the number of beamlets required to achieve the desired

wafer throughput given the above requirements.

[0014] Embodiments of the present invention solve 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. Embodiments of the invention thus

teach to avoid even Turther



miniaturization in an area within the projection column where due to the size, pitch, vertical proximity
and level of electric field strength, the risk of electric flash and consequent destruction of the lens
system in operation already pose a significant problem. In contrast, miniaturization in the area of a
beamlet manipulator, due to the absence of field strengths of a magnitude as encountered at the
projectioniteatssyaieom ideesuret pise she popatationalveiie ctberodprobldmsiwdtipivhnutattate that
can not be avercome, e.g..as a consequence to the use of.more.or, less standard MEMS

e e b T N e Kot HohT e BB SR e
present dryentiormisfhat dejectiormnfia bearmienhosigindsing from spdifseto pafiianydngenaenis,
effectively, the same as deflection of a vertical beamlet. This implies that the sure according to the
orosent TIHHBAAASES hOL TS o b BRI St o P MRS SHS A BRHSCHch ens
system kngwiniteradhengsianedd Athiid insightivndedyirgsambatiisients ebiaespraseptinveantion is that
converging only groups of beamlets ayoids tf’be presence of a common cross-over of all the beamlets

in the ety SERTT Y BTt IRt 6RPCh AR AY BREPEIF, Srin S 1R0SG0BFRESREREs caused

by aberrafiosr atdhepainrt etarnvengends wikhbeefalimitesisgnisalethaffestnpdeenth insighé:
underlying embodiments of the invention is that the abjlity to blank beamlets within the group of

beamletéHaBEiREIFHBNgh SO 1S etkigif IeRS FREURYSRUAHE el BEARIAE e PRABIsEted onto
the targ%Hé%&%]g%aéﬁ%k%mméﬂy@Eﬁigﬁ&fﬂkégﬁﬁlé Ghasgrdipastigles, mpltiskeguiet

system for exposing a target us{ggéa plurality of beamlets, the system comprising at least one charged
particle BeUPdELfmaeHBPAGA JhalcHEr BSESHER FEROBEBENON G PETEERE 18NSR fSy SRFinkel Weparate
beamlets fram he-GRAREAEAL A IAASIARIP AYGE HRHRR AT bRamets A he:grDaralgd,Peam, a
beamlet manipulator for converging each group of beamlets towards a point of convergence wherein
each gratip of hedreishs wiksctd sombres aaiffert i ppiason doruiigent éha pearatetmsianker for
controlighly, éa %%%?&5"%%&3 € BFOURSLOL PEABIRIS AN RO AR, OLAAIE oM IRAS ygiems for
projecting unblanked beamlets of the 'groups of beamlets on to the surface of the target, wherein the
beamletentamippidtor. is adaptdt od donvbrgecéauhitofl thevgrenipthotbeahiets towedde s pdilacts
comespanding 19 diferent Rrajsgionens, praismeuiin e array ot praleclionens Syniems, [0016]
The beamlet ma%lpuTator may comprise a group deflector array, and the group deflector array
preferablyactmpsighs @mdedypryisetadangemehtlof indendoaliselisctor elehientshiittk deromlainiform
deflecting. action. Unblanked beamlets in each group are preferably deflected to a.single point of
converoBitEh A ESNR Sl on Bed R Rt Tt S T PSR R IR BeeY

2009/1 276h8PC THERZ Q08)054d 61t diffierentqpoint of convergence. The group deflector array may be
integrated with the beamlet blanker, the integrated group deflector/beamlet blanker being adapted to
convergthblanked perntdtthinpeactt groupita arcomunonipogat aadidetednviergelBlapked heamlets to
the commaon point Th%%r.oup dﬁlf:[[elctorfatgraxlf%ay comprise a plate ha\{ipgS%ertlﬁaelsf rmed.therein

and elecet}rig(dse%gaasgaé%?ategl g eaaéﬁya%er%ﬁre, ethglsc 0088 ré’@é}{}%& electricar Signals %‘olrcéeeflecting

beamletsopassing ghneaghgdhechpartd nestif00 bEThews pstemrmayasl Sor idefude: sghagpingeapdetare array
for shapig the beamlets., The aperture array is adapted for defining.sub-beams, and the shaping
ot S B B R MR SRR, RS oy
and the shai@iuigta;pﬁmr@mm;zﬁoeﬁrﬂg grvep Ké‘tbqhmldfatsm’gté amiviihd grovgsdedie stbrramaycnd the
shaping apestyre, BLALMAY AlSa be itaaiatediin A Nee Uit L90LELThe beamigtmanipyater may
alternatively comprise a condenser lens array and a shaping aperture array. The condenser lens array
is prefe@ﬂ?@lﬁébtéﬂaf&riﬁéél@gm§@é@hh§m0§éanf h@qs@i@tﬁﬁmde@p@ﬁ@i_ﬁé meépptﬁgjet@nmyetnmystem.
The shaping, aperiie AFRNIRE AR COMRISER ARCBIIRSAALROF U RE A RAItY hbegmiets from

each focused Sub-beam, the unblanked beamlets of the plurality of beamlets converging on a point
correspdrifieintha hawpetivanandatysterianted Qrenvreas) rf fresraphoddsprierfér vething
sub-beaﬂ&&%@ﬁ@%ﬂ@ﬁg@@ﬁ%ﬁtaﬁ%ﬁ%ﬁr&a@n@é}a@ml@ﬁaﬁh%pﬁw%@gﬁg&ﬂgntha@hapmg
aperture array preferably being integrated into a single unit. [0019]The beamlet manipulator may also
compris&ft&Pand second condenser lens arrays

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

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



and a shaping aperture array. The first condenser lens array is preferably adapted for focusing the
sub-beams at a common plane before the second condenser lens array, and the second condenser

lens array adgpfeghdar fpgusing each sub-beam at a point corresponding @&%9&097(% ‘%)Jﬁgjection lens

systems. The shaping aperture array preferably comprises apertures 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 co“r‘?ésponding to one of the projection lens systems.
[0020]The number of beamlets generated in the system is preferably larger than the number of

projection dems &y Pem s BEREAYSITRL BBy CQMRisL.Akieast 10 8hQnilectianensaystems. The
number of beamlets generated in the system is preferably at least three times the WO

2009/127 58P ETHREPYSF SRRy lsstmibrrts ks by rnadapsiinsonragnayiakedm 10 to 200
times the puimbes ef prajeeten denssysiemsuPAlIcearing naAratherasred akthgdRygntion, a

charged particle multi-neamlet system for exposing a target using a plurality of beamlets is provided,

the systen? ¥BmpRsAE RdelS o ETEh SR FRIiKE Bt d8 1B Jertv g ehiien patticle beam, a

first apertwiecagey iRsareatngisubdiepnaftom:the aoass ated hearmea-kandsnserdens array for
focusing tglg ﬂfﬁlég;?%%ams’ a second aperture array for creating a plurality of beamlets from each

focused s PR RA RSB MFEHEBy blanking beamlets in the groups of beamiets,
and an arr praiection lens systems, for projecting bearnlets op to, the surface of the_target, wherein
e R AT T ¥ MG LA it i e peepl

the condenser’lens array is a ocusin C ihgf to one of the
projection dpasusy steanss §081224 Accifting tolybtanothé tiasgreetef ihednventions adehriged particle
multi-bearnlet system for exposing a target using a plurality of beamlets is provided, the system
comprisingC?g?tfé}ésf %%{é%(s:r%or%e Cp?é%i% ééﬁ%%gg%?%éh’gkgﬁpﬁ%&ﬁ&g&ﬁ AR EEm, a first aperture
array for cepating subybemmsfegrattiengeneraieddnedihs arsecdaflcaperittsg ardayideha@ating a plurality
of beamlets from each focu§ed sub-beatr%.a co.nanse{ lens array for focusing the beamlets, a

5 )

beamlet bfdn erefgir’:%%rrﬂ%lfia%)lyy blanking beam

eamietsin the groups of beamlets, and an array of

projection igie SYSRMS N AAIGKHRA BN SR AMRDSRIIACS QLihe.I9st, Whgrely fhe condenser

lens array is adapted for focusing the beannets fowle each sub-beamatap fnit corresponding
to one of tHeapRsjeptioHdengsyEhereandenser lens array is preferably adapted for focusing each sub-

beam at point corresponding to a projection lens system. The shaping aperture array preferably
comprises apertures for producing a plurality of beamiets from each focused sub-beam, the
unblanked beamlets of the plurality of beamlets converging on a point corresponding to a
projection lens system. The aperture array is preferably adapted for defining sub-beams and
the shaping aperture array for creating beamlets, the aperture array and the shaping aperture

array preferably being integrated into a single unit.

[0019]  The beamlet manipulator may also comprise first and second condenser lens-arrays
and a shaping aperture array. The first condenser lens array is preferably adapted for focusing
the sub-beams at a common plane before the second condenser lens array, and the second
condenser lens array adapted for focusing each sub-beam at a point comresponding to one of
the projection lens systems, The shaping aperture array preferably comprises apertures for
producing a plurality of beamlets from each sub-beam focused by the second condenser lens
array, the unblanked beamlets of the plurality of bearnlets 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 1is preferably at least three times the



[0023]The first and second aperture arrays may be integrated into a single unit. The first aperture array
preferably comprises comparatively large apertures and the second aperture array preferably '

comprises a grgup,ef cpmparatively small apertures corresponding to eacpq%\%@%gﬂﬁ 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 apQrte: afawBay-AlsR breambined it thebapaieidiankan. 8400241490pa1 e beamlet

blanker preferably comprises a plate having a plurality of apertures formed therein, and each deflector
of the beaffléSHikHker comprising a switching electrode associated with an aperture for deflecting a

beamlet passing through.the aperture. The switching electrodes of a group of deflectors are preferably
connected[%zglectﬁffc(?%ﬁﬂ%fcﬁ ‘é%tiéqrréﬂﬁi&j%ﬂ%\eéﬁﬁﬁﬂﬁé@@ggﬂﬁé}%ﬂ,eéﬁ‘&ﬁﬁ@%lﬁirol lines of each

of two partgeém Brospateneferabligirestediy oppasedirestionsdEashdeieetaiissieterably
provided with a memory cell fo controlg%g a switchinghglectrode_ of the deflector, and each memory
cell is eIe%?ééﬂ?ep(iE%%Ufﬁ%%{ﬁngéﬁ BRI CORE &1 e REH LD RIS B LRE LBh#HEsted in

common teadeating eairmeireemerygetisdiaaroupola02el The diresisntirudhichihabeamlets are.
deflected to blank the beamlets preferably differs for different beamlets in a group of beamlets. The
“blanking dtPreeag%lsoﬁ %CB%%}PS%P);GC%B&@%%%%S%%? Hfggé%@i%?mgg%%ﬂhe@% pReelsdBmlets, at the
location ofbasbearheatoipt aitak:idewostantally theksaneas shdrposi tamef dhecamiianket.heamlets at
said location. Th directionlnof deflectiofrBw of blanke b%%%nlets may als bf%a]o%han ed dynamically, so

t

that the centet of PhASS oF 118 BranREd BeRTMETL S PTAR B AR BF 4B {85 By, is substantially
the same adithenpbsitionioaktnéunblanke ddpainfet scetisaiddatatitorn 8027} point ‘

corresponding to one of the projection lens systems.

[0022]  According to yet another aspect of the invention, a charged particle multi-beamlet
system for exposing a target using a phurality of beamlets is provided, the system comprising at
Jeast one charged particle source for generating a charged particle beam, a first ziperture array
for creating sub-beams from the generated beam, a second aperture array for creating a
plurality of beamlets from each focused sub-beam, a condenser lens array for focusing the
beamlets, a beamlet bianker for controllably blanking beamlets in the groups of 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 the beamlets formed from each sub-

beam at a point corresponding to one of the projection lens systems.

[0023]  The first and second aperture arrays may be integrated into a single unit. The first
aperture array preferably comprises comparatively large apertures and the second aperture
array preferably cbmprises a group of comparatively small apertures corresponding to each
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 iarge 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.



9 BRIEF DESCRIPTION OF THE DRAWINGS [0028]Various aspects of the invention will be further
explained with reference to embodiments shown in the drawings wherein: [0029]FIG. 1 is a simplified
schematic overview of an example of a charged particle multi beamlet lithography system; [0030]FIG.
2 is a simplified schematic overview, in side view, of an end module of the lithography system of FIG.
1; [OOBlEE&,@QB is a simplified schematic of a lithography system including a group
[0025] The beamlet blanker preferably comprises a plate having a plurality of apertures
formed therein, and each deflector of the beamlet blanker comprising a switching electrode
associated with an aperture for deflecting a beamlet passing through the aperture. The
switching electrodes of a group of deflectors are preferably connected to electric control lines
arranged in a single line of orientation, and the control lines of each of two parts of a group
are preferably directed in opposed directions. Each deflector is preferably provided with a
memory cell for controlling a switching electrode of the deflector, and each memory cell is

electrically preferably connected to two control lines, each control line being connected in

common to a row or column of memory cells of a group.

[0026] The direction in which the beamlets are deflected to blank the beamlets preferably
differs for different beamlets in a group of beamlets. The blanking direction is preferably
chosen such that the center of mass of the blanked beamlets, at the location of a beam stop
array, is substantially the same as the position of the unblanked beamlets at said location. The
direction of deflection of blanked beamlets may also be changed dynamically, so that the
center of mass of the blanked beamlets, at the location of a beam stop array, is substantially

the same as the position of the unblanked beamlets at said location.

[0027]



deflection array; [0032]FIG. 4 is a simplified schematic of the system of FIG. 3 further including a
shaped aperture array; [0033]FIG. 5 is an alternative embodiment including two condenser arrays and
a shaped aperture array; [0034]FIG. 6 is another émbodiment 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 projeiFFI®FESCRIPTION OF THE DRAWINGS
[0028] Various aspeets of the invention will be further explained with reference to

embodiments shown in the drawings wherein:

[0029] FIG. 1 is a simplified schematic overview of an example of a charged particle
- multi beamlet lithography system;
[0030] FIG. 2 is a simplified schematic overview, in side view, of an end module of the

lithography system of FIG. 1;

[0031] FIG. 3 is a simplified schematic of a lithography system inchuding a group

deflection array;

[0032] FiG. 4 is a simplified schematic of the system of FIG. 3 further including a shaped

aperture array;

10033] FIG. 5 is an alternative embodiment including two condenser arrays and a shaped

aperture array,

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

aperture array;
[0035] FIG. 7 1s 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;

[0037] FIGS. 11A and FIG !1B 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;



[0037]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 sed embodiment of the invention;
[0039]FIGS. 13A and 13B illustrate an advantage of the multiple beamlet per projection lens
arrangement™ W' SH087827658PCT/EP2009/054467 -10- [0040]FIGS. 1AGHEFEROP446Te further

embodiments allowing the use of unmodified or
-10-

(00461  FIGS. 14 and FIG. 15 are further embodiments allowing the use of unmodified or

relatively simple source and projection lens systems;
[(0041]  FIG. 16 is diagram showing a possible layout for a beamlet blanker array 6;
[0042]  FIG. 17 illustrates an aperture array combined with a beamlet blanker array 6,

[0043]  FIGS. 18A and 18B are schematic diagrams of an embodiment of deflectors for a

group deflector array or beam blanker array; and

[0044]  FIGS. 19A and 19B are schematic diagrams of an alternative embodiment of

deflectors for a group deflector array or beam blanker array.

DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
[0045]  The following is a description of various embodiments of the invention, given by way

of example only and with reference to the drawings.

00461  FIG. 1 shows a simplified schematic drawing of an embodiment of a charged particle
multi-beamlet lithography systemn based upon an electron beam optical system without a
common cross-over of all the electron beamlets. Such lithography systems are described for
example in U.S. Patent Nos. 6,897,458 and 6,958,804 and 7,084,414 and 7,129,502 which are
all hereby incorporated by reference in their entirety, assigned to the owner of the present
invention, In the embodiment shown in FIG. 1, the lithography system comprises an clectron
source 1 for producing a homogeneous, expanding electron beam 20. Beam energy is
preferably maintained relatively low in the range of about 1 to 10 ke'V. To achieve this, the
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



relatively simple source and projection lens systems; [0041]FIG. 16 is diagram showing a possible
layout for a beamlet blanker array 6; [0042]FIG. 17 illustrates an aperture array combined with a
beamlet blanker array 6; [0043]FIGS. 18A and 18B are schematic diagrams of an embodiment of
deflectors fon&Pgﬁf 2{&¥ector array or beam blanker array; and [OO44]FIF§§./ EIGAOAR 198 are
schematic diagrams of an alternative embodiment of deflectors for a group deflector array or beam
blanker array. DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS [0045]The following is a
description of various embodiments of the invention, given by way of example only and with reference

to the draW,WOOO beamilets, although it 15 of course possible to use more or less beamlets. Note that

other known methods may also be used to generate collimated beamlets.

[0048]  The plurality of electron beamlets 21 pass through a condenser lens array 5 which
focuses each of the electron beamlets 21 in the plane of a beamlet blanker array 6. This
beamlet blanker array 6 preferably comprises a plurality of blankers which are each capable of
deflecting one or more of the electron beamlets 21. The condenser lens array 5 and beamiet

blanker array 6 are described in more detail below.

100491 Subsequently, the electron beamlets 21 enter the end module 7. The end module 7 is
preferably constructed as an insertable, replaceable unit which comprises various components,
In this embodiment, the end module comprises a beam stop array 8, a beam deflector array 9,
and a projection lens arrangement 10, although not all of these need be included in the end
module and they may be arranged differently. The end module 7 will, amongst other functions,
provide a demagnification of about 25 to 500 times, preferably in the range 50 to 200 times. A
slightly lesser demagnification is required in systems generating patierned beamlets. The end
module 7 preferably deflects the beamlets as described below. After leaving the end module 7,
the beamlets 21 impinge on a surface of a target 11 positioned at a target plane. For
lithography applications, the target usually compriscs a wafer provided with a charged-particle

sensitive layer or resist layer.

{00501  In the end module 7, the electron beamlets 21 first pass beam stop array 8. This beam
stop array 8 largely determines the opening angle of the beamlets. In this embodiment, the
beam stop array comprises an array of apertures for allowing beamlets to pass through. The
beam stop array, i its basic form, comprises a substrate provided with through holes, typically
round holes although other shapes may also be used. In one embodiment, the substrate of the
beam stop array 8 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
elements 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



[0046]FIG. 1 shows a simplified schematic drawing of an embodiment of a charged particle
multi-beartilet lithography system based upon an electron beam optical system without a common
cross-over of all the electron beamlets. Such lithography systems are described for example in U.S.
Patent Nos. &89"44% %fd 6,958,804 and 7,084,414 and 7,129,502 which Gr& &M &RE8Y incorporated
by reference in their entirety, assigned to the owner of the present invention. In the embodiment shown
in FIG. 1, the lithography system comprises an eldétron source 1 for producing a homogeneous,
expanding electron beam 20. Beam energy is preferably maintained relatively low in the range of

about Ito 1Q Ta.achieve thjs, th ati tage. is.preferably low, the electron source
preferabIyjbl{z(%ll?o‘?%xé’t]L ‘eNt?\llgélgqnpz&f)o{E{ Q‘i@[ﬁ?ﬁ? %ﬁ%ﬂ#&g&%ﬁﬁ%&?gﬁ tagﬁr% u%’}]pl@trésr%% , although
other settingstmblpcigbtyethisads{OoAF Prransitotrorih 8 aBu2d fremi¢helaibetansdules tgpasses a

double oc;r%%gg@ gbggglgg9%@%%@Hg@%&%&@&l%é‘%@%&é&&gﬁi Q,}%Hﬂ%ti %@%?%0%8 a%%§rg 20.

Subsequently, the electron beam 20 impinges on an aperture array 4, whic s part of the beam

and allowsral plik gty of pezviksted spppasthenoligh dfcargserlrindhiaydy thhendpedunle array
preferablybggmggﬁ%%@@f&ﬁl@e\ﬂpgﬁwm_ hRkess Thus, a plurality of parallel electron beamlets 21 is

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

2009/127658RC THER2QAOIEAMET nikh 14 R0 H00.RERmIRts, AHBOYG (LS A5ceu s possible to use

more or less beamlets. Note that other known methods may also be used to generate collimated
beamlets. {OUFEPIRS BAGRIRYEF IO Pediititty Zirpriss trvbtigntial borrresisesun L dbray 5 which
focuses eaghabthsr alechambaamieismickimthecpliame plakeamiet lankaspfeiiockhimpeamlet

blanker array 6 preferably comprises a plurality of blankers which are each capable of deflecting one
or more oftHEEIRCHOH BEAMB Y hentd AduRskel ee'srtnAsvak: Boa et hkfiker array 6 are

described in more detail below. , s .
[0053]  For consistency and homogeneity of current and charge both within a projected spot

and among the projected spots on the target, and as beam stop plate 8 largely determines the
opening angle of a beamlet, the diameter of the apertures in beam stop array 8 are preferably
smaller than the diameter of the beamlets when they reach the bearn stop array. In one
embodiment, the apertures in beam stop array 8 have a diameter are in a range of 5 to 20 pm,
while the diameter of the beamlets 21 impinging on beam stop array 8 in the described

embodiment are typically in the range of about 15 to 75 um.

[0054]  The diameter of the apertures in beam stop plate 8 in the present exaxﬁple limit the
cross section of a beamlet, which would otherwise be of a diameter value within the range of
30 to 75 pm, to the above stated value within the range of 5 to 20 um, and more preferably
within the range of 5 to 10 um. In this way, only a central part of a beamlet is allowed to pass
through beam stop plate 8 for projection onto target 11. This central part of a beamlet has a
relatively uniform charge density. Such cut-off of a circumferential section of a beamlet by the
beam stop array 8 aiso largely determines the opening angle of a beamlet in the end module 7
of the system, as well as the amount of current at the target 11. 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



[0049]Subsequently, the electron beamlets 21 enter the end module 7, The end module 7 is preferably
constructed as an insertable, replaceable unit which comprises various components. In this
embodiment, the end module comprises a beam stop array 8, a beam deflector array 9, and a
projection len&iPAHEERENt 10, although not all of these need be include§SA HEHEFHEUUle and they
may be arranged differently. The end module 7 will, amongst other functions, provide a
demagnification of about 25 to 500 times, preferafdBrin the range 50 to 200 times. A slightly lesser
demagnification is required in systems generating patterned beamlets. The end module 7 preferably
deflects the, heamletsras descbed.below, Afler/sauing e sd module. £, [ng.beamlets 21 impinge on
a surface or a target p%s%tloned arf“artrar'&e?]pf}ame. Fori ﬁogra%h?/ apSIIC% |ons',%1§1e target usually
comprisesiarmegfef qtevidé dbaith! 80cioaiife tupar ticlhisenditivedeayte roshesistl &Y@r 2[005Bita the end
module 7. {ie SlesanReATIElS A4l pass heam s onanay . Hhis heamsiopariay Slarocly
determinet the opening angle of the beamfets. In this embodi ent, ftfe beam s Op array comprises an
array of aperbgredefdralioning bentiets t pasw el Ticedbeadsbtopramast, of ddlbasie form,

comprises, g apostiis Rrovder M. DR e MpisAlbaoURRbRIERAlOYAD ik Sfippes may

also be used. odiment, the substrate of the beam stop array ormed from a silicon
wafer withsabssgetatly mpstsciraveiyapfihesogiriies sertofpipibeticodtes avitheanstnfabeatdyer of a

metal to pegve mﬂﬁ{g&eoﬁq%ggggﬂq@ﬂl% gl Qplg{i‘,mgnt, 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 alignegwith the glgmants afstheReamiat iankes araystndheearnatiblankss apray 6 and beam

stop array 8 operate together to block or let pass the beamlets 21. If beamlet blanker array 6 deflects a
WO 2009/A19838PC ISP 20084 13 879UERcHhBEGhIS AT ANsEp S IEERRG EHereBré8ponding
aperture inRRaMSIGPANAY Sputinsteachwill heklockedbyibe sthstaie ofhsamisiap.array 8. But if

beamlet blanker array 6 does not deflect a beamlet, then it will pass through the corresponding
aperture i Be&RAr8Esp ArETFBaRl frmedrseuproielatoneh Ussubiie althrued 8Pgirget 11. In this
way the inﬂié{fﬁbl%@m%@&a%%@&@m@%@&%@ie@@%@med of silicon or other

semiconductor processed using process steps well-known in the semiconductor chip industry.

The apertures can be conveniently formed in the substrates using lithography and ctching
techniques known in the semiconductor manufacturing industry, for example. The lithography
and etching techniques used are preferably controlled sufficiently precisely to ensure
uniformity in the position, size, and shape of the apertures. This uniformity permits the

climination of the requirement to individually control the focus and path of each beamlet.

(60577 Uniformity in the positioning of the apertures, i.e. a uniform distance (pitch) between
the apertures and uniform arrangement of the apertures over the surface of the substrate,
permits the construction of a system with densely packed beamlets which generate a uniform
grid pattern on the target. In one embodiment, where the pitch between the apertures is in the
range 50 to 500 microns, the deviation in the pitch is preferably 100 nanometers or less.
Furthermore, in systems where multiple plates are used, the corresponding apertures in each
plate are aligned. Misalignment in the apertures between plates may cause a difference in focal

length along different axes.

[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



[0052] Next, the beamlets pass through a beam deflector array 9 which provides for deflection of each
beamlet 21 in the X and/or Y direction, substantially perpendicular to the direction of the undeflected
beamlets 21. Next, the beamlets 21 pass through projection lens arrangement 10 and are projected
onto a target'1® RBitEPa wafer, in a target plane. [0053]For consistency GHEHEMEIEAEIty of current
and charge both within a projected spot and among the projected spots on the target, and as beam
stop plate 8 largely determines the opening angle Igf-a beamlet, the diameter of the apertures in beam
stop array 8 are preferably smaller than the diameter of the beamlets when they reach the beam stop

array. In opg.eBedinEnty e AReEir s Aeam SIRARGENREA dlametst freln g (gnoe of S to
20 um, while the diameter of the bcamlets 21 impinging on beam stopnarray in the described
embodimet aré&Sty picadlysinhthdevaatige of thboue 151 ZEkim] J00s4dTRedianieter of the apertures in
beam stop plate 8 in the present example limit the cross section of a beamlet, which would otherwise

be of a didtAgter vERIEWHHNHE FaMRROGIBOASTAB i, dectianabiove Whesdoanddwihicthe range of 5
to 20 um, nd MOrs-REEarAR MRS TADGEIQf rRd:d ) B RIS WRY s AR Y. 3 FaNTRl part of a

beamlet is allowed to pass through beam stop plate 8 for projection onto target 11. This central part of
a beamlettissg dheetaticanbamifsies- charge density. Such cut-off of a circumferential section of a
beamlet bépthe beam stop array 8 also largely determines the opening angle of a beamlet in the end

module 7 Bf$AE sySiesrPaaiiersPTRE aPo Rt KT tost AL SPELEt Y CIFPaRE dprfiSBRIment, the

apertures i:hesids STOp @aycarcoaiathsesuilindimbeamigiewitoa-asnaiallyugiiaem opening
angle. [0055] FIG., 2 shows an Fr‘Hﬂ?odiment of end module 7 in more detail, showing the beam stop

array 8, the U Hschif °§ Oh Y P& REPLRH ARe ARSI S ARG 15, 15 6Te Al ai*aiR étron beamlet

onto a targehduktiTheabieanxlsi2 drafepiojeaiethonio dacgetd kupkeicsabhbsesuling jipsageometric spot
size of about 10 to 30 nganometers in dia}rfneter, anaémore, preferably about 20 WQO

2009/127 TR IO GEHRIGP 3E h SAOHTCHL P AT SRS AT Ao ABHE S BT 1 6%n such a
design prefenably. providasaldemagrifigaiiod af akbulc80doHbe0imese ehibisegmbodiment, as shown

in FIG. 2, g central part of a beamlet 21 first passes,through heam stop array 8 (assuming it has not
been defli’f%%@%%ﬁ?@%%ﬁg&t 5??&9%}%#&9 e ?ﬁé‘%@tﬁﬁ? rﬁaﬁg&i@ ?ﬁ?ogﬁﬂ‘gr?i@eﬁgﬁg or set of
deflectors safigdangedrith e Beguion de: farmphgeaudeflediienisystembolheansidafie otan daray 9. The bcamlet
2 Seea e e A 0 S SR RIS ghp renaement 10 nd

(00617 FIG. 2 shows the plates 12, 13, and 14 having electric voltages V1, V2 and V3

respectively applied to their electrodes. The voltage differences between the electrodes of

plates 12 and 13, and between plates 13 and 14, create ¢lectrostatic lenses at the location of

each aperture in the plates. This generates a “vertical” set of electrostatic lenses at each

position in the array of apertures, mutually aligned, creating an array of . projection lens

systems. Each projection lens system comprises the set of electrostatic lenses formed at

corresponding points of the arrays of apertures of cach plate. Each set of electrostatic lenses

forming a projection lens system can be considered as a single effective projection lens, which

focuses and demaghiﬁes one or more beamlets, and has an effective focal length and an

effective demagnification. In systems where only a single plate is used, a single voltage may be

used in conjunction with a ground plane, such that electrostatic 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



[0056]The projection lens arrangement 10, in the embodiment shown in FIG. 2, has three plates 12, 13
and 14 arranged in sequence, used to form an array of electrostatic lenses. The plates 12, 13, and 14
preferably comprise plates or substrates with apertures formed in them. The apertures are preferably
formed as roh‘fﬁzﬂ?ﬂ &'H8ugh the substrate, although other shapes can aféo' & 1#8&@54H one
embodiment, the substrates are founed of silicon or other semiconductor processed using process
steps well-known in the semiconductor chip industr§- The apertures can be conveniently fonned in the
substrates using lithography and etching techniques known in the semiconductor manufacturing

industry, for example.-The.lithograph etching techniques used are preferably controlled
cufont L Len 0 A o T Do S e e B the s P s
uniformity petgis shehelithinatiomiofftfrevsqyiredéndenifidivicu aflyl cohtiro btaenfeswaraing path of each

beamlet. [Q057]Wniformity in,the.positjoning of the rtures, i.e. a uniform distan e.sgai h) between
the apertugggtlé;’r%&u%fg?%ré}ri}g 5%?&&68?%5%%&1%&%35%?&% e 31%? ace of %ﬁg%sogﬁl rgtfé:%npennits the
construction ufed systamoivithitdnsedy phcketidstdmletsenicticgegerfaiesaut iformigridspagtern on the

target. In e ' ere the pit ween the.apertures is.in the range 5Q to, 500 microns,
the deviat?é}r??n%%%g%tcﬁ%c %Q:Q‘%égrgé‘iﬂiy% 0 %‘glﬁ%lr%%(t%?? %Irsgggﬂ'x_lﬁ?gtﬁ% r@g}g?%lr?%y%at%n%%%here multiple
plates arc urgsdi thbagoddEponihgrapor tre stmerchlgstatd g cuatigoedf. latsaligedediffartne apertures

between Hiaie fRvfeusE-adliiaiance nJocal MaoAI00g iferen' gues: [MARRIATGIILY in the size

of the apetrtures enables unifoll ity in lectrostatic projection lenses formed at the'locations of the
apertures vB&vigiiors ihalapesivesdiattesidheentillviéeun e chavdationd idiime fiooasing caebttrthsome

beamlets yill he fogused o iNe tatael, WP 2009 AZ8RARET/ERZANU0R446 4, 14- plane and others

will not. In one embodiment, where the size of the apertures in the range of 50 to 150 microns, the

deviation iFPTAEEI A9 P sk P 1oDg Rl il Gedghree common signals comprising the

three control voltages V1, V2, and V3 are thus used to focus and demagnify all of the

beamlets 21.

[0063]  The projection lens arrangement preferably forms all of the focusing means for
focusing the beamlets onto the target surface. This is made possible by the uniformity of the
projection lenses, which provide sufficiently uniform focusing and demagnification of the
beamlets so that no correction of the focus and/or path of individual electron beamlets is
required. This considerably reduces the cost and complexity of the overall system, by
simplifying construction of the system, simplifying control and adjustment of the system, and

greatly reducing the size of the system.

[0064]  In one embodiment, the placement and dimensions of the apertures where the
projection lenses are formed are controlled within a tolerance sufficient to enable focusing of
the electron beamlets using one or more common control signals to achieve a focal length
uniformity better than §.05%. The projection lens systems are spaced apart at a norninal pitch,
and each electron beamlet is focused to form a spot on the surface of the target. The
placement and dimensions of the apertures in 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 nomunal 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 clectron beam optics), it can produce very high



[0059]Uniformity in the shape of the apertures is also important. Where round holes are used,
uniformity in the roundness of the holes results in the focal Length of the resulting lens being the same
in both axesT.‘#{OOGO The substrates are preferably coated in an electrically conductive coating to form
electrodes. THE ¢8REa&R% coating preferably forms a single electrode on*édéRF30B&AtE covering
both surfaces of the plate around the apertures and inside the holes. A metal with a conductive native
oxide is preferably used for the electrode, such aslfirolybdenum, deposited onto the plate using
techniques well known in the semiconductor manufacturing industry, for example. An electrical voltage

is applied t a%] I trcl?\et_ control the 3{1 e of the electrostatic lenses formed at the location of
each aper ger"g“ a(ﬁﬁggf'ec o (gnlé%cc(:)[% Fr(i)fldel B%%fgpﬁé z"éiﬁ%’ o %%ﬁgﬁcée%lf) %%Sg?nwp é?té]%dr‘r’%ly. Thus, in
the embodismerit Sleahdmstaitl thiree SlecradesalenBiberthavitidoblonth taekevsttages for all the

thousands of lenses, [0061]FIG. 2 sho he plates 12 and 1 ving electric voltages V I, V2 and
V5 respecti o iolen e s IR A RESAE A it R IT ISR of piates
12 and 13thantdpetivediepptesa@iant KW noreatel ¢ lacteabtatctieses dtdhbddioativpofeddh aperture

in the platggy[iRaaneiaeRAnR il 9 Ahelesasiats IRnaes ALGRE RESUIORIN e Ay of
apertures, mutually aligned, creating an array Of projection lens systems. Each projection Lens system
comprisesititeilyed platsddtrbbeaticibmgrssMbriiadiad S0rees prrictisidypeints thitHe diffeysnof apertures of

each plate, fraghael ol elecUn3IANc |PARRS IAUDING ABMISEONJEDR YR GRS gonsidered as a
1es eam

single effective projection lens, which focuses and demaghnifi€s one or more ets, and has an

effective f@@&ﬁ@ﬁ@ﬂwwlﬂcﬁéﬁ_ @fﬂe@&@éﬂéwmé@@éﬁ).Iﬁ@m@rﬁ%iwﬁmeg@hlyfﬁﬁsihg@plate is used, a
single voltage MayRe4iSackid POMMNCHANILA Ground RaNG.sYGRIRAtElecHaR Al é?ﬁg‘ﬁs are

formed at the location of each aperture in the plate. [0062]Variation in the uhiformity of the apertures

will result ik lpatiadibatireene elet ddatatittian sediseinding He tRdlobatons dfithecd hiaaubesverhe
uniformitygame; SRREYESS eSS indilori e pelasiRticienRRSedi Mo dhe Br6S RORERLVOltages VI,

V2, and V3 create an array of unifolin electrostatic lenses which focus and demagnify the large
number ofBfeeA8IFs WOrsTedeD Fes s TERIguo pguwasy focal length. It is further noted that

while, for simplicity, the beamiet in FIG. 2 is shown focused as from the deflector 9, a more
accurate representation of the focusing of beamlet 21, e.g. as in a traced ray illustration, would
indicate that the actual Iens plane of lens system 10 is between plates 13 and 14. 1t should also
be noted that the distance d3 between lowermost plate 14 and target plane 11 should be very

small in this design to allow for the short focal length.

(00661  The electrode voltages V1, V2, and V3 are preferably set so that voltage V2 is closer
to the voltage of the electron source 1 than is voltage V1, causing a deceleration of the
charged particles m beamlet 21. In one embodiment, the target is at 0V (ground potential) and
the electron source is at about -5kV relative to the target, voltage V1 is about —4kV, and
voltage V2 is about —4.3 kV. Voltage V3 is at about 0V relative to the target, which avoids a
strong electric ficld between plate 14 and the target which can cause disturbances in the
beamlets if the topology of the target is not flat. The distances between the plates (and other
components of the projection system) are preferably small. With this arrangement, a focusing
and demagnifying projection lens is realized, as well as a reduction 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 proiection lens arrangement. An advantage of



-15- beamlets 21. The characteristics of the electrostatic lenses are controlled by the three control
voltages, so that the amount of focusing and demagnification of all of the beamlets can be controlled
by controllinqvthese three voltages. In this way, a single common control signal can be used to control
a whole array SRt Etitic lenses for demagnifying and focusing a verngggm?ﬁﬁé?ﬁaf electron
beamlets. A common control signal may be provided for each plate or as a voltage difference between
two or more plates. The number of plates used in-Hifferent projection lens arrangements may vary, and
the number of common control signals may also vary. Where the apertures have sufficiently uniform

placement, ang dimansians,ilis fables (05 iocusyoed e elecuaneamsls, and demagnification of
the beamlets, Using one or more common control signals. Tn thé embodiment of P16 , three common
signals conifriging¢heocttnse ¥onmd|Vdiaged W pye2iamndyvBrasestthas apsodltof e fscasid gleimagnify all

of the beaplais, 1. [A0G3TNARISGHALIENS AANGMETE AeTRIAblY formis all )

%%%gcusing means
for focusing the beamlets on e target surface. This is made possi y the uni ity of the

projection?’éﬁs?égpuﬂﬁnﬁ Wﬁi@%ﬁi’d@]ﬂ@ﬁﬁﬂ@tﬁ@ﬁ@@mm aiel @@ﬁa@nﬁi‘@tﬁﬁd@@iﬁlﬁé@eamlets )
that no corgelion:of e JAGHS. AN ABL0 05 'afa%%@iﬂ%ﬁw%éﬁg%ﬁ@wﬁ%ﬁ@%eT his

considerably réduces the cost and complexity of the overall system, by simplitying construction of the

system, siraphgpidtTetmtrel tardcsnjvsitassnd binddhsysians whdgsbdaeebouriheptsd sizéathhe system.
[0064]In ope smbedinentheRIAcemeRt AN ddIRENSANS A e AReHESUGIsHDS Rraigction lenses

are fowled arc controlled within a tolerance’ sufficient to enable focusing of the electron beamlets using

one or motBPEb AL OABBIAWINYIgnals to achieve a focal length unifoimity better than 0 05%. The

projection lens systems are spaced apart at a nominal {)itch, and each electron beamlet is focused to
<.

form a spdt¥H thefdtirradb ottty dtiisrionriahrantchnt Wi AR 6rma Bpkttires in the plates

are preferahl¢cantoliedmdthirmstaeanggisuffsisnitoRehivyesvanationin spatial distribution of the
spots on the surface of the target of less than 0.2% of the nominalc?itch. [0065]The projection lens

arrangem&MPIBTRRLM BACE wifth TREBIERIS AT A BN Y BHBAEIBRE Yo RAEN TIUISED that
despite theaglativebi jend Wiiagrsusedondoe alegipedessicompasisonts wRltaaasbpically used in
electron beam optics), it can produce very high WO 2009/127?58PCTlEP20091054467

provided with a voltage +V and —V."Providing a potential difference over the electrodes

causes a deflection of the beamlet or beamlets passing though the aperture. Dynamically

changing the voltages (or the sign of the voltages) will allow the beamlet(s) to be sweptin a

scanning fashion, here in the Y-direction.

[0068]  In the same way as described for deflection in the Y-direction, deflection in the X-
direction may also be performed back and/or forth (in FIG. 2 the X-direction is in & direction
into and out of the paper). In the embodiment described, one deflection direction may be used
for scanning the beamlets over the surface of a substrate while the substrate is translated in
another direction using a scanning module or scanning stage. The direction of translation is

preferably transverse to the Y-direction and coinciding with the X-direction.

[00691  The arrangement of the deflectors and lenses of the end module 7 with respect to one
another as described differs from what has generally been expected in the art of particle optics.
Typicalty, a deflector is located after a projection lens, so that the focusing is accomplished
first and then the focused beamlet 15 deflected. First deflecting & 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.



-16- electrical fields. These high electrical fields generate electrostatic projection lenses which have a
small focal distance, since for electrostatic lenses the focal length can be estimated as proportional to
beam energy divided by electrostatic field strength between the electrodes. In this respect, where
previously 1W?ﬂ%%’§ﬁﬁd be realized, the present embodiment preferabﬁ%ﬁﬁﬁg@’ é?fé(ﬁtial
differences within the range of 25 to 50 kV/mm between the second plate 13 and third plate 14. These
voltages V1, V2, and V3 are preferably set so thatlthe difference in voltage between the second and
third plates (13 and 14) is greater than the difference in voltage between first and second plates (12
and 13). This results.in sir e eé%]I far gb t n plates 13 and 14 sq that the effective
lens planeﬂao @ach%%?e%g %%%@é\llsogﬁ/g? 8130?5%%%2% r@%ﬁ%ﬁoﬁ eﬁg ’1%%?1%%%#‘8@%%?0&% in FIG. 2
by the curfegddshdgdmesmbéntebn pighayaSandwithisptheitensiopeniigaThisiptacesithe effective

lens plane X; : t and. les the. projegtion.lens, ‘ rter focal length.
Itis furthe?gnégfe%c? ﬁ%m, S%Eﬁqm%?l%%eé%%?éggrﬁ%ﬁ%ﬁ g)@gﬁgﬁﬁ%ﬁ%ﬁ%ﬁg ¥rom the deflector
9, a more AteUrate tepusbataitacongreftsusssihgaofl e fmbetab] esgvas! inadnedsed ray illustration,
would indifgig.{0athe Ackal 10S BNG. AL IBNSRUSIRTJ.18 BRISEnPIAIES dif ARfbdd It should also

be noted that the distance d3 between lowermost plate 14 and target plane 11 should be very small in
this desigieardiibnfedenéognert fbearderginenussEThekicenpldeositelydsmtithy 2manat vB are

preferably £¢{.8q,ihat MEHRAGG MG HILSRIHG TREVNBES, PIIDG GIGRY AHEOHIG R HhaR IS voltage VI,

causing a deceleration of the charged particles in beamlet 21. In one embodiment, the target is at OV

(ground peigntial) Anditbesalealan saWkRIHaaROMIOKY dalativertadhndarash xpitage V | is about
-4kV, and voltage V2 is about -4.3 kV. Voltage V3 is at about QV relative to the target, which avoids a

strong eleBFCHAGHAWESH ARl e taRyetmRr i kst faratisBeidhn the beamlets if
the topologypt:the targefdeotfiabd hadistancasPetwerniRs-plale iRl ¢RBRaRants of the

projection system) are, preferably small. With this arra_rclgement a focusing and demagnifying projection

tens is realFEF1E RENCa Bt RN iy therSos dftis shrde e RIPSRy&en Sas FERISSHPRES camlets.

With the elggtiansgursad Rvoliagalef abietiob K¥eshangedpaticlescaraideralarategdy the central
electrode %ate 13), and subsequently accelerated by the bottom electrode (plate 14) having a voltage

at ground Fé%ﬁ%u@mg WIS Bt S8 1906 e driesi R e B et trodes while
still achievingticelosired prneagnificatiomnpindiocusing et ihewifeioadensanangement. An
advantage of WO 2009/127658PCT/EP2009/054467 -17- having three electrodes with control
voltages VEUFAATAE PSher than only two electrodes with control voltages VI and V2 as used in

previous S ig that control of.the focusi f the,beamlets is decoupled to, some extent from
Control of 1 Beart Te LA T A2 R S o s
systems cpmjoetiadjissteutrbyzahierstitydthvensiottag dxdifferent al betwesnwp fiages i ef had @ without

hangi It d h tage differential 3 VOl the It is | I
craravs st I R elsen i onia Sespanlens A I pFpyp e ooy

sentla’Iy constant, reducing the alignment
consequentey iHfthengspardpacfotbheabolid) (0067iF i@ amlishithe suchtenitefieciion afstbeamlet 21

by deflectiﬁ)&ggga%g, i&m%ﬂet (or a small number of beamlets). In systems where each projection
lens system focuses a group of beamlets, preferably from 10 to 100 beamlets, each projection
lens system provides demagnification of at least about 25 times, and preferably about 50 times.
This high demagnification has another advantage in that requirements as to the precision of the
apertures and lenses before (upstream of) the projection lens arrangement 10 are much
reduced, thereby enabling construction of the 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
colummn of lirmited 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



direction, illustrated in FIG. 2 as a deflection of the beamlet from left to right. In the embodiment of
FIG. 2, an aperture in deflection array 9 is shown for one or more beamlets to pass through, and
electrodes are provided on opposite sides of the aperture, the electrodes provided with a voltage +V
and -V. Provﬁfgéﬂg%eﬂgﬁtial difference over the electrodes causes a deflé&iS S HEEamlet or
beamlets passing though the aperture. Dynamically changing the voltages (or the sign of the voltages)
will allow the beamlet(s) to be swept in a scanning $ashion, here in the Y-direction. [0068]In the same
way as described for deflection in the Y-direction, deflection in the X- direction may also be perfoimed

back and/gy,farh, (0 FiG. 2 ng Selieciiondsn. A diregtion migiand QuLelthe papen: Jn dhe
embodiment described, 0 e'deflection direction may be use For scanning & beamilats over the
surface ofcd Suybsstrarge\bhileitheduglis izt diis trd nslatedhirighn etideshditedtimmissipgha Boanning module or
scanning > i iQn ian, i I Ver: he Y-direction, and coinciding
i the X DT B B R e 7 Wi
respect totorhe eisdtHdw sexsrdeguripedhdiffers: frons widgidnabdgererslynikeraarpe ctathimdhie et of
particle optics., 3 ypigally, a deflector is located after a projection lens, so that the focusing is
accomplished first and then the focused beamlet is deflected. First deflecting a beamlet and then

focusing ifggfsin theisystemd oG eaiRIRbe:aarRleeoisiag ihewrpieggon 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 tHECIKE [FHERQIPER SRS BTAUBR G it teE srisiab PABfRBHCalIX anBAL NS in the deflected
beamlet. WQ 20U beAPRBRMINERLGQHQa4MEKARd0A Rithe.aPRlication @Etha: Rrgjection system

for lithography, a beamlet should be focused and positioned at ultra high precision, with spot sizes of
tens of nalREHRERARS Whth S sttt i R lBrh disaeter@ camaleg sBiadndsdectiaryiihthe order of

nanometersadh R invenrtess restizedtbat epfisging.alecusedibeamiet fonexampla.sengtakhundreds
of nanometers away from the optical axis of a beamlet, would easily result in an out-of-focus beamlet.

In order tPATEBl IR BT RIRSET TR Gt efantd; Thidk s ddlvsiedyprimta avdhiblite st ledrbetion or the
beamlet waedd tapiciyubestmedsiRbfasuswaithesusiasceafisiget ddbiection lens array.

Preferably the deflection array is positioned at about 0 to 5 mm from the projection lens array
10, or preferably as close as possible while maintaining isolation from the projection lens. In a

practical design, to accommodate wiring, a distance of 0.5 mm may be used.

[0074]  With an arrangement as described é‘oove, the main Jens plane of the projection lens
system 10 is preferably located between the two plates 13 and 14, The overall energy of the
charged particles in the system according to the embodiments described above is kept
relatively low, as mentioned previously. For an electron beam, for example, the energy is
preferably in the range of up to about 10keV. In this way, generation of heat at the target is
reduced. However, with such low energy of the charged particles, chromatic aberration in the
system increases. This requires specific measures to counteract this detrimental effect. One of
these is the already mentioned relatively high electrostatic field in the projection lens
arrangement 10. A high electrostatic field results in forming electrostatic lenses having a low

focal length, so that the lenses have low chromatic aberration.

[6075]  Chromatic aberration is generally proportional to the focal length. In order fo 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 Jess.

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



[0071]As discussed above, in order to achieve the objectives of the projection lens arrangement in
view of its use in a lithography system, the effective focal length of the projection lens systems is short,
and the Lens plane of the projection lens systems is positioned very close to the target plane. Thus,
there is very WIEEPEEEEft between the projection lens and the target plaffe {SFRIESHEt deflection
system. The inventors recognized that the focal length should be of such limited magnitude that any
deflector or deflector system should be located betdre the projection lens despite the evident
occurrence of off-axis aberrations with such an arrangement. [0072]The arrangement shown in FIGS.
L and 2 of fhe defleclion atray 2, Upsiieam and proleelioniens. atangement 10, downstreqn
furthermore allows a strong focusing o YSeamiet 2 ,n par?lcu TR ) perrr]ﬁlga reduction in size
(demagnifibation)seffthietb éhmietfoiidy leabinaboutrb®®@fishest shth po&ferably about 350 times, in
systems where each projection lens system focuses only one beamlet (or a small number of
beamlets)[ M7 8ystdimsdigiexbiedetpphojectididber wsenicisdudeder drougreftsamntstssdreferably

from 10 t0,400:beAmlete 2aGhBIPIRCHOL i ARRILPIRY e femagnication afateast about 25

times, and preferably about 50 times. gh demagnification has another advantage in that
requiremePRssEdad HPEdSFdR iBieR bRt cueriste prrisauasshaforeigparedmeofreiisdrojection lens

arrangem%@%ﬂ}g areimush raduasdher Ry Snabling.eensl uetion o5 dhad-tegranhy.apparatus, at a

reduced cost. Another advantage of this arrangement is that the Column length (height) of the overall

system caRBEEFEp veaaeE0ds tislrbsgseicstinn Aigs predverhbobringaveidedee aldenith of the
pfojeCtiOnﬂ&@i%l%M@i&@ﬁ@%@%ﬁ@gﬂi{%ﬁé@éﬁ%@ﬁ@%&& JREHINE AR Bigstan.column of

limited height, preferably less than one meter from target to electron source, and more preferably
between dBBHCHED & Ve fHE GRS GRS gPerAIPBs sHBIe € BN ayascment of the

2009/127658RGIEP2009I0644 67 dbf-makesihadiloatanhy-sysiemasiar 9 Mesay-and house, and

it also reduces the effect of drift of the separate bcamlets due to the limited column height and shorter
beamlet pHHUPHESERSSHer drift reduces beamlet alignment problems and enables a simpler and Less

costly desi?n to beTgsed. Thﬁ arrangement, however, puts additional demands on the various
componenrtd 6f the SR HISH SRS H AL TERSEHD %‘aﬁtf%‘?é‘ﬁ?l%@é?é’(ﬁ 4 pehaam B Brdiection
system, thextief|datedk heaatiets: willing Kingetaasssttrmopghihe projectionsysiemn giils @atical axis.

Thus, an u deIectSP be n} t which was focused on the target plane will now be out-of-focus at the
target plarﬁ) g WHERE eeffgc%ee Ei%%?ﬁse?}[i@ﬁ ﬁ‘ftﬁﬁee? b]ﬁt?d?y?g%%%eﬁgbﬁg&ﬁgnfﬁﬁéﬁ é‘&ﬁ&ﬁ of the beamlets,
in the enddiscdate akdne ampadinbent 1106 cedction EreaysQuispdsitianedas ginsesqs passible to the
projection lens array 10. | tl'*iI way,.deflected beamlets will still be relqﬁtivel clo eéo their undeflected
optical axits‘i%ﬁteléat%egs/’ asat %’o%ra%ﬂﬁ%égﬁ?o%% 1011 %%eglrlrglﬁ rtéefgetlpa% }9 ‘fhgnd%%o ig%cagrray IS
positionedatgéb dinv@torSamunifrainititenpedfactioitdé hstaccaytikOparpseférably pistclbbeds possible
while maingaining, Splafion,fom e PIRISCHN I8P5i & RIPEHSALISRIGN, 1R 2509 padalf, wiring. &
distance of 0.5 mm may be used.

exemplified embodiment the distance from the final plate 14 to the target plane is about 50 to

100 um. In one embodiment, the distance between plates 13 and 14 is about 200 pm, and the

distance between plate 14 and the target plane is about 50 pm. These distances are related to

the voltages V1, V2, and V3, and the size of the apertures 18 of the lenses of plates 12, 13

and 14 for allowing deflected beamiets to pass while focusing one or more beamlets,

[0078]  In the design of an end module 7 as illustrated, the diameter of the apertures of the
lenses of the plates 12, 13 and 14, is a number of times larger than the diameter of the
coaxially aligned apertures of beam stop array 8, which preferably have a diameter of about 5
to 20 pm. The diameter of the apertures is preferably in range of about 50 to 150 um. In one
embodiment, the diameter is about 100 pum and the diameter of the apertures of the beam stop

array is about 15 pm.



[00741With an arrangement as described above, the main lens plane of the projection lens system 10
is preferably located between the two plates 13 and 14. The overall energy of the charged particles in
the system according to the embodiments described above is kept relatively low, as mentioned
previously. Fg’f)a%?[@l%ﬁ?% beam, for example, the energy is preferably inth&FEAYE/BHHE to about
10keV. In this way, generation of heat at the target is reduced. However, with such low energy of the
charged particles, chromatic aberration in the syst&n increases. This requires specific measures to
counteract this detrimental effect, One of these is the already mentioned relatively high electrostatic

field in the projection Jens arrangement 10..A.high, electrostatic field Its in forming electrostatic
lenses ha\[/#lg Iogvu oca %rﬁgi'ﬁ%gs" that t %ﬁ%‘grébscﬁae{}{em%\}v%é ?g?nozﬁg% ﬁei}r:%l fo{r%? éﬁChromatic
aberrationtiscesssr plisfprdhortidrabtgtivd docal }Ergthllnorddrticdduce€Hroruasicaabfration and

provide a rojection of tron on et plane, the focal length of the optical
system is {%Egr%%ﬁ%%i‘t%%%%lﬁeg’ &ﬁ?ﬁ?ﬁ%@ggﬁ ézjsgﬂlg—é?t éﬁg?g%g%ﬁj%fg%%%%f the lens system
10 accordimaptiostherghesdntame 3icn 290W0. 20097 L2TEEEREICTERRBOSO6WE Zulddram&de very thin

to enable \}vglttriuﬂl {gg@dd@@&;rih ,it}%g%tgedggggl E.Wf Qggy%jqﬁi%ea&gtl@gg. 'Ir;pe thickness of plate 14 is

preferabl in the range of about 50 to 200 pin.. [0076]lt is desired to ke%p'the acceleration voltage

relatively I@wgr reARORE MERLNAGIRIRUE LR RIRIR &:Lelatively.Sieng demarpificaien.and to
e

maintain the aberration as low as possible. In order to meet these contradictory requirements, an

arrange m SRS RENPSH H ARG RS SSTdIOme (ronadtion e ayised foppdhroreriddidsely together.

This new GoneephiaddkestballowerSleatiadacdd pldhe Riciestinn Raspiris 3 -hringdrovided as
close as possible to the target plane, with the effect that the deflector is preferably located before the

projection TERCRIGEhersddhaieshorigatEniid sperasidrnead e hpicme st fsHyemieaest the end
module 7 igdRiesatetbe deflestan Anshihamiaiastan lens arrangement 10 at minimal mutual
distance.

[0081]  To obtain a certain feature size (critical dimension or CD) in resist using electron
beam lithography, a certain resolution 1s required. This resolution is determined by three
contributions: beam size, the scatiering of clectrons in the resist, and secondary electrons mean
free path combined with acid diffusion. These three contributions add up in a quadratic
relation to determine the total spot size. Of these three contributions the beam size and the
scattering depend on the acceleration voltage. To resolve a feature in the resist the total spot
size should be of the same order of magnitude as the desired feature size (CD). Not only the
CD but also the CD uniformity is important for practical applications, and this latter

requirement will determine the actual required spot size.

[0082]  For electron beam systems, the maximum single beam current is determined by the
spot size. For small spot size the current is also very small. To obtain a good CD uniformity,
the required spot size will limit the single beam current to much less than the current required
to obtain a high throughput. Thus a large number of beamlets is required (typically more than
10,000 for a throughput of 10 wafers per hour). For an electron beam system, the total current
through one lens s 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

jarge.



[0077]The mutual distances in a lens array, as indicated above, are of a highly miniaturized nature. In
this respect the mutual distances between plates 12, 13 and 14 are in the same order of magnitude as
the thickness of the plate 13. In a preferred embodiment these mutual distances are in a range of
about 100 to ¥OFPIHI2fR¥ distance from the final plate 14 to the target plaffe iERFUREPEKT smaller than
distance between the plates to allow for a short focal length. However, a minimal distance is required
between the lower surface of plate 14 and surface2at the wafer to provide allowance for mechanical
movement of wafer. In the presently exemplified embodiment the distance from the final plate 14 to the

target plane is about 50 to 100 p.m. In one embodiment, the distance between plates 13 and 14 is
about 2000 and 1 A e o A SRS Bl HUGUFES g, These
distances aregglateditosthecoitage suvhlihe2hamnt Mpjcdnethersiae of packepenivpaadd of the lenses of
plates 12, 13 and 14 .for.all9 deflected.beamlets to assf%%taile focusing one or more beamlets.

In
[0078]In tﬁgla}é%ﬂ%bneol? éghz%r?\gl}neggl ﬁl%?‘} §§1ﬁﬁus raa%a?? & diaméter of the apertures of the lenses of the
plates 12, 13 and 34 is;.a;nyraber of times larger thapthe diameter.of the. ially aligned apertures
of beam s{opﬁarray 8? \?\/lhich preﬁ‘e}ﬁaﬁlﬁave aglliémete’r of a%olutg%ggg%%q.%ﬂ?eé%i%meter of the
apertures ISgieefasatsyirsliangesebiboursictes 150 Aeclivwre dnivsdimestibihéndiameterds about 100

ttm and theygiameter 9@%@5 (@4&%&?&%@%%@%@9@{@ 9 &Q&w&&%%ﬂd éﬁég%%o gether

2009/127658P§2T/EP2_0 467 -21- [0079]Furthermore, in the present design, entral substrate
of plate 13habighelrpgiastiamerrsss alsparshesh e theans decdicanmin BOsPs6Gurd Tresthickness of

the substrgte for platerk2 isgse/atively smalieh freferabiyatautoe 3904, and-darplate 14

relatively smallest, preferably about 50 to 200 um. In one embodiment, the thickness of the substrate

for plate 13m&@bButreoeasiirine and dregivial poblams emdcbrhanishaniie bsomes.fo0Balifhe total
Current‘ of e Reamiaisrequred IRARIENR FRAMCUIRLIRIOMARRY {h&r&ions in a lens caused

by fringe fields of neighboring lenses.

100857  The multi-beamlet charged particle system is designed to considerably reduce the
spot size while at the same time considerably increasing the current generated in the system. In
doing so, it was also realized that by increasing the current in the system, the total current on
the target is also increased to limit development of shot noise. At the same time, however, the
number of electrons impinging on the target surface per square critical dimension (i.e. per unit
of area of CD squared) should be maintained constant. These requirements necessitate
modification to the design of the charged particle system, as discussed in detail below, and for
optimum performance a target with relatively high sensitivity resist is required, by way of
example typically from 30 wm/em’ as currently practiced to double that value. It is remarked at
this point that spot size in practice corresponds to, and is, as an easier to conceive term, in the
remainder of the text used in stead of “point spread function”. Another practical aspect of the
concept according to the invention is that the spot size amounts in order of magnitude to the

CD size.

[0086]  Notonly 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



particular number of wafers exposed per hour) depends on the required dose, the area of the wafer,
and the overhead time (e.g. the time to move a new wafer into position for exposure). The required
dose in these shot noise limited systems depends on the required feature size and uniformity, and
beam energy"2A8RY BB factors. [0081]To obtain a certain feature size XERRERCHHH44ETon or CD) in
resist using electron beam lithography, a certain resolution is required. This resolution is determined
by three contributions: beam size, the scattering eE®lectrons in the resist, and secondary electrons
mean free path combined with acid diffusion. These three contributions add up in a quadratic relation

to determing the,total spot size. Of these three contributior thebF m size.and the scattering depend
on the acc%%r E‘[‘? nd%gﬁt%aug %%‘é%}% Y faé)ﬁﬁcrggglon%?eag g.i?%ﬁ%" oﬁgﬁgp%t Isrf%p Shotd tgeof the same
order of mbmglitucks afthkeltesikfédseusize{@DhdNnt@diygheq@Rbatiatstrédec&Dpmiformity is

important% r.practical applications, and this latter requirement will determ'net(yfactu | required spot
size. [008 T‘E%ri e?ect?on %%%rﬁ asrir%slt%%\lgc% 81%?5 F%ﬁ?#%‘%% eiﬁgvéfr:ﬁ %ﬁ?%lrﬁ!te%b %?Fﬁitr?lezia by the spot
size. For dingdr sputasize tire vunemtiStasoateny smaiktdo abtand gobd CRramiformityicthe required

spot size will imit the ﬂ@%&?%@éﬁﬂﬂ;ﬁ f;Qt_much less than the current required to obtain a high

throughput. Thus a large number of beamlets is required (typically more than 10,000 for a throughput

of 10 wafeinder heup) &el-anflash e eReamaMsifm. RentataarEent AR RSP ds limited by

Coulomb interactions between electrons, so that a limited number of beamlets can be’sent through
one lens aiEREsH BrEagrsasPERRIPR i, 1 e dohs digritsdtRbsicahdimrasiors alihperadidéemes in a high
throughpus Syt er & 1RRS %08 SR U290 AR RRBR CTHE BPALASNRMARE 22- (0083 a

preferred empodiment, a very dense arrangement of a large number of low énergy beamlets is

achieved, STgalbn Gt iuiER I Berommerd danipiecpaarkdintieclds afdbe conmpipdslemrstgdio the size of
a typical watefyxROSUERSig I limit to the number of lenses that may be physically realized within a

relatively small area that the projection optics, i.¢. the end projection module may occupy in
practical designs. At the reduced critical dimensions to be achieved, the number of lenses that
can be constructed within these dimensions using known techniques is considerably smaller

than the number of beamlets required to achieve the desired wafer throughput,

[0088]  Ome solution is to reduce the image of the aperture array 4 using a condenser lens or
series of condenser lenses, thereby also reducing the pitch of the beamlets. However, this
solution typically results in a common cross-over of all the beamlets, which causes a significant
amount aberration. This is not desirable, particularly in view of the present requirements, and
would further complicate the system to counteract this aberration. The present invention
avoids a common cross-over of the beamlets and thus avoids this drawback by dividing the
required reduction of the image of the aperture array 4 over a multitude of cross-overs, thus
limiting the energy in cach cross-over. This has the effect of more than proportionally limiting
the amount of aberration in the system. This is achieved by adding array manipulators to the
system, for example a group deflector array or a condenser lens array for directing a plurality

of beamlets towards a single projection lens system for projecting onto the target.

[0089]  The principal solution introduced in the preceding paragraph, wilf be illustrated along
vartous 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



[0084]The pitch of the apertures in the plates 12, 13 and 14 of the projection lens is preferably as small
as possible to create as many electrostatic lenses as possible in a small area. This enables a high
density of beamlets. The large number of beamlets spaced closely together in a high density

arrangement“é%%f’?%ﬂég% the distance the beamlets must be scanned acto<&4H&" éﬂﬁ%%urface.

However, reduction in the pitch for a given bore size of the apertures is limited by manufacturing and
structural problems caused when the plate becormi&s too fragile due to the small distances between the
apertures, and by possible aberrations in a lens caused by fringe fields of neighboring lenses.

[0085]The, multi-hea .charge ticle system is designed.to_considerahly reduce spot size
while at th%[[rc1 s%ﬁg%rﬁz%%égﬁs?ﬁgb%%%% ;%Ié [%E]Ce%g%errﬁ}e%{gl %cerie‘rirg%{e%a?ﬂ) ?I}\rg ég(s) em .q%oing so, it was
also realizédlthiat! hpamdreasingttdesouha atimttiabbsystieshy thénetal cliifeintroniah éedargétisialso

ncreased, o pit dEYGIPRIIGIL ShROLIPIRTAESADE (e aever G unhecaf lectrons

impinging on the target surface per square critical dimension (i.e. per unit’of area of ¢b squared)
should bererittsinadreohetaht. aPhlissivn glirodiphtseabbrssitst chrogificsitigle tocieetidedign of the

charged patiie RE0 B FRRusted idir BLaRIaN L ANHIALPRITMI, REITAURNGE @ fgfget with

relatively high sensitivity resist is required, by way of example typically from 3 m2 as currently
practiced thedetiblecandetyafiibe g vamarkeiabiivs poimetmaliapsitsiebimisetietidenssmdsponds to, and
IS, as an easier to conceive term, in the remainder of the text used in stead of "point spread function".

Another pFSical dissatieorinechebie abestiief Retrdeidarsaind Rranahiter 36k BIREEBUNtS in
order of maginijugetaihe Gisiza. aﬁogéglm iaRbhisiaTRdYEed i RROHRI %?sf&ﬂ iceskip aehigye the

desired performance, but also a reduce 'point spread function of beamlets is required to maintain

sufficient XPERLIY FaHiRIIE 2Bnrdrerde g &t attd dedmtst medcn dirskermeh bemp 8f peak
exposure lgvehphdpeiigigekiamnaLeamniebrempaiashibace pihackgramnddexelof gxpesure as

normally caused by the peripheral Gaussian parts of neighbouring beamlets. Designing a system to
generate 5&mlets having a smaller point spread function, however, considerably reduces the WO
2009/1276(!}58!13CT/1!.:1 2 91 195446171 -23- charged grticle current th?t rEag/ be a%ﬂ%gd to the target by
each beamiEt IrreSPactivE e BHgHTRe S RL 4o gR A% artaR o r ARSI R, preceding
requiremegitshiifigeducadaspbh sidie;rioCheantk cutientyann, feandedpaintspieathunetids implies a
considerably.more than Jinear increase in the number of beamlets jn.the system compared fo the
ethucion K AT MG 4 0 Se WErEP BRSO parcrocr donetor e B ARGV
above beamlet blanker array 6 in the system of FIG. [, between the condenser lens array 5 and
beamlet blanker array 6, although the group deflector array 6G may also be located below

array 6. The group deflector array 6G comprises an array of deflection elements which deflect

the beamlets in groups towards the end module (projection module) 7, through openings in the
beam stop array § and through the corresponding projection lens systems formed under each

opening.

[(0092]  The group deflector array 6G preferably comprises one or more plates with an array
of apertures formed in them at locations corresponding to the apertures in aperture array 4,
condenser lens array 5, and beamlet blanker array 6. Electrodes are formed at the location of
each aperture, as shown in more detail in FIGS. 18 and 19. Each element of the group
deflector 6G operates to deflect one or more beamliets 21 towards a particular projection lens
i the array projection lens systems of the end module 7. FIG. 3 shows three groups of three
beamiets deflected by deflector array 6G, so that three beamlets are directed through each
projection lens system n 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.



[0087]The requirement for a considerable increase in the number of beamlets in the system creates a
practical problem due to the of the limited physical dimensions of the projection optics of a
multi-beamlet lithography system. The projection optics in such systems are typically limited in size to
accommodat%ﬁ&?‘%&f?ﬁ%le the fields of the target to be exposed by the s§§1:5?r$})’.2‘?‘ﬁ 487a limit to the
number of lenses that may be physically realized within a relatively small area that the projection
optics, i.e. the end projection module may occupyZfrpractical designs. At the reduced critical
dimensions to be achieved, the number of lenses that can be constructed within these dimensions

using kno chnj ' ' o r e number of bea egulired to achieve the
desired W\Q%%g} ?hro%%ﬁ%?ﬁﬁfg%ggﬁ%g@%%ﬁ%%%c% %g?}tl}c%r#%ﬁ %3%% 0 1’%?1%ﬂ§)%?§ﬁgarray 4 using a
condenseristizisodbrioslef condensiiokge sy shorahyy also bedseingntherpitshpbfipie bamlets.

However. s SALRMAIGA fesis B AGATUDPRSSEOEL Al N hegmigie which causes a

significant amount aberration. This is not desirable, particularly in"view o present requirements,
and would-febeenansphiastelth syondsis (o voumeeict thid abededitoied Tireysfesehtinyertiion avoids a
common gEgss:Qye[ of the beamlets and thus avoids this drawback by dividing the required reduction
of the image of the aperture array 4 over a multitude of cross-overs, thus limiting the energy in each

cross-ovefqgbljs hasitbe.atect ofsmare dhanpronostisnallydiging the dmeunirhakeration in the

system. This is achieved by adding array manipulators to the system, for example a group deflector

array or a ¥ohaerbEtne Fgﬁ%‘/ faraheEting Bgstuparig bt betmilsticnsharing & shsgeuprbeetion lens
system for,piRie&!ting Roje-tha 18r9e)«1998lthe Ruasinal selianaiRtiodyred it theRrecgding

paragraph, will be illustrated along various examples in the following. It allows the use of technology

corresponﬁﬁ?‘@r’fﬁyfhdaéaﬁﬁhéﬁiiﬁ R edsdapttofesd edutinimizes aberration in the system while

allowing a dispropgrtionate increase in the number of beamlets in the system. This principal solution
Csing MU heab e RE 5 SR oA e TR FEH 1 LA R B E R, WO

2009/127658RGT P20/ 0041 67 if 24ertherdefitctingdotiongfdefiedter iamay Sinihs end module 7, a
virtual point of prigin of the deflected beaynlet is ¢reated, so that.a virtyal heamlet was jmagined. This
notion et TRt B A DA R T e A it by T ARERS et or 2
plurality obréapheanbletkidp @f atked tHdappticatidmwolidiltiple rehldeamietisthypatgh a single

projection lens system appeared to_b ssible without disturbing the amount of aberration, especially
where thedt‘cf)dtig 1%% g ﬁpb%ﬁﬂlc’l%?ﬁﬁm?é% over a multiplicity of projection lens systems.

eamiets 8{‘01%8%%?’5 em were u
[0096]  In principle each group of beamlets can be concentrated (i.e. directed to a single
point where they intersect and cross-over) either at the relevant aperture of beam stop array 8,
or at the effective lens plane of the relevant projection lens system. In practice the
concentration will be somewhere between these two points (although not clearly shown in
drawings), since concentrating the beamlets at the beam stop array would create a lens error
while concentrating the beamlets at the effective lens plane of the projection lens would cause

a dose error,

[0097]  In this design, with multiple beamlets passing through each projection lens system,
the charged particie optics slit does not consist of a regular array of beamlets but of a regular
array of groups of beamlets. Note that the bearnlets may also be defiected 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



[0090]Because part or all of the plurality of beamlets directed through to a each projection lens system
may be blanked at any point in time during operation, the system according to the present invention is
also referred_to as a patterned bearnlet system. This patterned beamlet system may also be regarded
as a multiplicwy 3?Wﬁ?§%rized imaging systems arranged side by side. [%yfﬁ@)%ﬂ‘fﬁﬂrates one
embodiment of a design according to the invention, for enabling an increased number of beamlets in
the system, permitting increased current at the wadér or reduced spot size or both. In this embodiment,
a group deflector array 6G is provided above beamlet blanker array 6 in the system of FIG. 1, between

the Condeﬁﬁe%ke& c?ﬁSé}}’rp?e%%aﬁafﬂh%f plankes Aa% arnaltiougn g fé&é‘ﬂ% Q&@Sﬁ}géeﬁray 6G may

also be located below array 6. The group deffector array 6G comprises an array o ttion elements
which deflivstiprerbdarste @iy rongstonardy tie bhcomsidudd {projectionattadeddrZmibtough openings
in the beam stop array 8 and through the corresponding projection lens systems footled under each
opening. [B083) ThE §rodptendiidt %ﬁé%@ﬁ?é@%ﬁ#éﬁﬁéﬁ%@é@ﬁ’é@lmtb?ﬁ& with an array of
apertures foymed7indhematdacatiens QMVMF%%%E%@%‘%%%%%BT%M§ By hy condenser

ed a

lens array 5, and beamlet blanker array 6. Electrodes are fow e location of each aperture, as

shown in MSRESdetaiicn s 3 gngribomich bR SRoRRifdF R SYgiaNp YEeksbrastr o PatEs to deflect
one or mOﬁ%&%ﬁ"ﬁ*ﬁe&ﬁe&&r&ﬁ'@f@&%ﬁ%@ﬁldl%ﬂ%?ﬂ?&&iﬁ’&é&f‘ﬁﬁ@Iéh@cﬁﬂ@%iﬁ@l%ﬁ%é&s@% gystems of

the end module 7. FIG. 3 shows three groups of three beamlets deflected by deflector array 6G, so

that three bREHIRALOdFESAFBREIIN g et prist el e AR faRTiF iRb A8 AdSHBAGIe 7. In this

embodimegithareargidhusitiiee: UmMesiasMaRK aReI ISR ARSIIH eLalaY dutcNdenssr lens array 5,
group deflector array 6G, and beamlet blanker arréa(%ﬁ than there are projection lens systems formed

in the endThodUIEWMRIC o8 B E53 PEOEass8 (018 A6 1 998 DRtseaitfsigritHrbe beamlets per
projectionyefnsisy sy SROMINGHON HGouiol @I the right of the actual origin of beamlet 21, and

similarly when beamlet 21 is deflected to the right, it can be regarded as a virtual beamlet 21V
originating from a location to the left of the actual origin of beamlet 21. FIG. 11B shows a
system having three beamlets per projection lens system, each beamlet originating from a
separate point and passing though a projection lens systemn at different angles. The net effect is
the same as a single deflected beamlet, except that the current is three times greater in the
system of FIG. 11B. Aperture plate 8 above the deflector array 9 may comprise a multiplicity
of apertures 23 as depicted, or with a single relatively large aperture, or a patterned opening

having a particular shape, to accommodate the multiple beamiets.

[00997  FIG. 13 is a schematic diagram to illustrate an advantage of the described
arrangement with multipie beamlets per projection lens system. FIG. 13A shows a square
deflection field of magnitude Wd, which in practice typically may be around 2 um, and with a
typical Gaussian beamlet spot 16A with geometric spot size diameter of 10 nm. Using this
beamlet spot to expose the deflection field, approximately only 20 parts per million of the

deflection field is exposed at any instant.,

[00100] FIG. 13B shows the deflection field with the presently proposed design, the
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



numbers of beamlets per projection lens system may also be used, and groups of up to 100 beamlets
or more can be directed through each projection lens system. In a preferred embodiment, groups of 49
beamlets in an arra39/ of 7 by 7 are deflected through each projection lens system. [0094]Although FIG.
3 shows the HRFEUIBB0, and 6 being approximately the same size as HETSHINIEGIET7, they may
be may larger, particularly for designs having a large number of beamlets per projection lens system
which necessitates a much larger number of aperZfes in the arrays 4, 5, 60, and 6 compared with the
end module 7. [0095]Preferably the apertures in the beam stop array 8, which define the beamlet

opening angle, are relatively small as if they were limiting only a single beamlet Larger apertures
would rqugaéma{ ér%“%}%%%%u‘%% Pa m\lf\%ﬁllxé)%szy?nb roeméH(.ilsoc‘lce:cf)%éﬂt?leﬁ:ﬂ‘g"&%fgI g LRPX &y only partial
blanking of@blahitchdoamietisanchaiouiddiinthercretucestide hnmiteghspdcreavaitable on beam stop

array 8 for blanking,beamlets, [0096In principle each groyp of beamlets can be. concentrated (i.e.
directed toca s}ngrl%a% (%%’Eravr\ll %rék%'%%ﬁfe%ge%sggﬁd eé‘%é%s,s?gv‘eg)%ﬁfﬁ%rrc é)ﬁﬁletl?é e%gﬁ? %%%Wure of beam
stop array8ewratithe effective lens plane of the relevant projection lens system. In practice the

concentration will be somewhere between these two points (although not clearly shown in drawings),
since cond&tftbtinglfke beAmNetsSE tresbeamtstopparay vondeoreedenariertdefroravhite dencentrating

the beamigfsaf dbaceliesiyg IRsRIBNG:ahiBEALGISHHOT [P oIA False & dpsg R gf, [0097II this

. : . & :
design, with multiple beamlets passing through each projection lens syst arged patrticle

optics slit fseshar st sravrbbrasathayebidain bionesbediagulahamale of frowssobdf beamlets.
Note that thecbeamigis @aﬁmmasfdﬁaﬂ@ﬁa@,%m&@@wgagm@s@{é@y%ﬁﬂ%%%ﬁiﬂ% though group
e

deflector array 60. At any instant some of the beams in a group may irected through a

correspontiAYcopaiieg Ripeam Sl sitass S ankr fespsstasiamtishemapigandwishisteerbesnlets are
deflected apRdoiionalameuahy: BeamiS! RIrskerAr ayfiatisafdiional deflegtion. capises these

beamlets to miss the opening in beam stop array 8 so they are blocked from reaching the target, and
are there blﬁlﬁl 3ﬁﬁ1é%pﬁpng\}\ﬁtgh%3thography and etching techniques used are preferably controlled

sufficiently precisely to ensure uniformity in the position, size, and shape of the apertures. FIG.
18A shows a single deflector 30A comprising one element of a beam blanker array 6 or group

deflector array 6G.

[00102]  The deflector 3A is formed within a budgeted square area of dimension Wo by Wo.
The deflector element comprises a switching electrode 32 and a ground electrode 34, arranged
around a through hole 33, through which a beamlet to be deflected may pass. The electrodes
are shown as simple rectangular shapes in this embodiment, with switching electrode 32 being
a straight element and ground electrode 34 formed in a U-shape. However, rounded or at least
concave shapes conforming to the shape of the through hole 33 are preferred. Such a round-
edged design allows a more comnpact design, and facilitates the arrangement of deflector
elements in an array, and also facilitates the inclusion of switching electronics which may be

used m some embodiments.

[00103]  The switching electrode 32 receives an electrical signal which generates a
clectromagnetic 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



WO 2009/127658PCT/EP2009/054467 -26- oft" as described previously. Thus, each group of
beamlets exposes a pattern determined by the beam blanker array 6, and each group can be
considered as a sin IeJ)z_atterned beamlet. [0098]FIGS. 11A and 11B are schematic diagrams of the
path of beam%?sszgﬂé &¥d module 7, to illustrate a concept and insight uRS&RRFRESEBUpIng of
bearnicts. FIG, 11A shows a system having a single beamlet per projection lens system. A single
beamlet 21 passes through an aperture in the beabd-stop array 8, is deflected by deflector array 9, and
focused by a projection lens arrangement 10. The deflected beamtet can be considered as a separate

beamlet arriyi n.inclined.angle from g different arigin than the actual beam let 21. For example
VD, ! 1 10l > ac ple,
when bearcnfeét g%%lgs%%gﬁesgteaadtt%ct eltfcf\‘ltn %%Crﬁr%(écrvg%%?ggcdo&s%o Ga BE AN 8F originating from a
location toctherridghtBfished crustorgad whbeanletr®bd anchisimiladconigncb eamigd et 2dcisrdaflected to
the right, if,can e regarded as a yirtual beamlet 21 iginating from a lgcation to the left of the actual
origin of beamlet 2%%9 FIGS i%%s%g\l/\%%aes@ds%egrf Wg@%‘é“%ﬁ%@cﬁe‘g&’m@%&%ﬁﬂ& ‘igoﬁ"alglﬁlé system,
each bcarther Ofigtheititogrirots aldeparatepoitdaficcpas siag thaugtdafprejection ferissystesn at
different a i 18 Detsileatis e SAme AsaSl ﬂectgefg @ea let, except.that the currentis
three timeg%l?ga}?er inEtI%egs_ystemOI(.)bP F&?g 11E_5.rApe$'%§(fag Ei[é“té al 3\5? heargéflgcg.tgreﬁrlé}y 9may
comprise &lakitiplien opapdristesops dfladpigtadanvaish ashglerelatively large aperture, or a
patterned opening havin articular shape, to accommodate the multiple beamlets. [0099]FIG. 13 is

a
a schematf® Hiigrdntid iR shee aprbemarsipesried dpetiosed areryerhdin deflictultiple beamlets
per projectipmians:austeimvid@: d3Arehows Mt Jefiaetion Jeid.efmadniude Wdmich in

practice typically may be around 2 ftm, and with a typical Gaussian beamlet'spot 16A with geometric
spot size Gfethatdrerne rantUSEHIE B erAnsrdpRt tondie madeer steliohyiBanmgproximately only

20 parts pespibianafibeidelestigndiricin exposer aban nstant JOR1QAELG L3R, ghows the

deflection field with the presently proposed design, the deflection field exposed by a patterned beamlet

16B. Up tS'BSIRT3659% SpiHecantrititon ddhegrim) tiad caiag asbrisss it marpleshenmby the

patterned bganpealf inbpragtaecunsta 200 imesiRpERNament-BIa L6 attained as depicted
schematica%qllz_)g?FlG. I3B. In this example an array of 16 by 16 relatively small spots is shown (the

representdfi B PP AL SRRPS SIS i SPELE ST 1885 i7 8 WRawing for clarity). The

multiplicatﬂg(ﬂ 0%5 thﬁl%‘?ﬁ[ gr]:d 19B are schematic diagrams of an alternative embodiment of the
group deflector array 6G and/or beam blanker array 6 of FIG. 3. FIG. 19A shows a single
deflector 30B comprising one element of a beam blanker array 6 or group deflector array 6G.
In this embodiment, the available space within the confinement of dimensions Wo by Wo is
utilized to form a control line 36A and a transversely oriented control line 36B. A memory cell
31 is preferably formed at the intersection of these control lines. The memory cell can use a
variety of known structures, and may be formed using techniques well known in the
semiconductor industry. The memory cell is connected to switching electrode 32, so that an
electrical signal stored in the memory cell will be applied to the switching electrode for as long

as it remains in the memory ceil.

[00107]  FIG. 19B shows a portion of an array of the deflector elements 30B. The control
lines arc 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,



WO 2009/127658PCT/EP2009/054467 -27- beamlets that may be written simultaneously by one
projection lens, together with improved beamlet intensity, results in maintained of even increased
throughput of the system at considerably advanced technology nodes, e.g. expressed by measure of
critical dimen‘gf&ﬁﬂl‘f}f/" pt8jEttion. [00101] FIGS. 18A and 188 are schematig) GiHGFAMY G Ere
embodiment of deflectors for the group deflector array 6G and/or beam blanker array 6 of FIG. 3. An
array of apertures are formed, preferably as roundftoles, though a plate. In one embodiment, the plate
is formed of silicon or other semiconductor material, processed using process steps well-known in the

semicond industry, The apertures can be f d using li ﬁgr@ph nd etching, techniques known
in the se mlrégﬁo?é é uq}g?oﬁrﬁ%/élﬁigﬁgg}%f?%% e Fr%]%g(?é@[%utﬂ%%qﬁes 0 ﬁ%%%j%ec |5'ﬁl%%%&)§rrangement
10, the lithographicdnletzbingheshnid thes sised areqoheferably cdhirdllechsulficibatipprddisely to
ensure uny of ity. | it] i h%g f rtures. FIG. 18A shows a single deflector
30A compﬁgi]%%%%gggrﬁggn{g%qggb am éIja3?1'ker a‘??’é’é{z‘g“?ﬁ ‘grtoﬁg%‘é‘ﬁé?é%ﬁ array 6G. [00102] The

deflector 34 issformgdithinabudosia @@léﬂ{mr@é@%%B;Rg@émé/g&@m\éﬂn&bﬁ&?ﬂector element

comprises a switching electrode 32 and a ground electro 4, arranged around a through hole 33,

through wRfglsdopelsmfsisv sl Henseis@msly tress spstoacbrobresinte sRowiadesiadole rectangular
shapes in ghig,gaNPedinagbk MQ&M”&@H}Q@@%%Q&Q% Reing aiaight @lﬁ‘éf@'&%@%ﬁé@’und electrode
n

34 formed in a U-shape. However, rounded or at least concave shapes conforming to the shape of the

through hOIETES! &FEp e fERfdRr 2Rt WD Aech SR assigHosfvive avaslensdmphct design, and

facilitates ghgarsanae mantaeh daflgctonelementsdnan araxnapstalspdagilitatgs.the inclusion of
switching electronics which may be used in some embodiments. [00103] The switching electrode 32

receives anoebectrizakisigiaive bichogeneraies axieainiagasts fieldnsuifisientindeliest @ beamlet
passing through the aperture 33 so that the heamlet passes through a corresponding aperture in beam
ctop array A BRAHH UG IR LSS BRIy BrorshrRSHs Lot fsHiEiie beam blanker

array 6 alskftiefledisiirerkpamiat waitiatitimissesiheal dperidte indcameipR arpayid.aad is blanked).
[00104] In anl%their11 maliodtiment, the t 0.elg t(r:%des may be design {Zi s fwo identical mirror-image
clectroce<s S AGEFATN Sh ity SIS 15 LRI GinG) B BB e
2009/127 co8REIAERAO0MGHAGT weakly or in a altered direction) so that they strike the beam stop
array 8, preferably near the relevant opening for the group of beamlets. The group
deflector/blanker could be set so that it would blank beamlets if no signal is applied and
concentrate beamlets towards the end module when a signal is applied. However, this would
require maintaining a certain voltage potential on the signal lines of the combined group
deflector/blanker to maintain continued deflection for a group of beamlets. Thus it is preferred
to have the group deflector array 6G and beam blanker array 6 constructed as separately
controlled arrays, but preferably arranged in close proximity to each other. This permits an
arrangement where an casily maintained ground voltage 1s applied on control lines to the beam
blanker in order to let beamlets through (i.e. a “normally off” beam blanker array), and the
group deflector that is maintained at a particular single voltage to maintain deflection of the

groups of beamlets through the projection lens systems.

1001101  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 subgtrates 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



-28- electrodes to be set as the switching electrode while the other operates as the ground electrode.
This is of particular advantage in embodiments with a combined group deflector and beam blanker

array, where in some cases it may be beneficial to deflect "backwards" rather than "further forwards."
The two type® BPYR&&SEs may be mixed, for example with a central grody THHHEGIGEH 7
deflector/beam blanker array deflecting "further forwards" for beamlet blanking, and a peripheral group

deflecting "rearwards" for blanking. [00105] FIG. 48B shows a schematic diagram of a portion of an
array of the deflector elements 30A. Individual electrical connections are foimed to each switching

electrode 3,01 R n% f%%cé% g{ogél‘%%ﬁ 1836 }Q%r‘éB@“c%%?%]ﬂ%dc&?tﬁ%n ad ?ecfi% gxample, by

e

forming electrical con ol lines 35 as conductive structuras on the surface ofthe p of the group
deflector amrsyrausidgroonveritionasifibro grap hydasdretehthg apotmigudbe bptherexandplpisfiown, a group
of 7 by 7 def Ors. Wil ire lectrical.c i 3 tral lines_pref ly run towards
opposed g’i%%ﬁsﬁgg; %é%hé%%o gg rcéli? FL)S}).&S é%%ﬁv%n&{éé%ééﬁﬁ I%S%h-gl%%fgjrr{l% a%gergcrnga qe%rigaixl% di lagrams of
an alternatiatedrsbdimehcolaye greumprdbicptoraray86 drdtorhertinatankebadizye® dfeFIG. 3. FIG.

19A Show%@[a?iﬁ%'ﬁaqgﬁéﬁﬁfﬁ(zﬁﬁﬁeﬁ%ﬂ @55%%9@9e%9ﬁ@&5ﬁ%999&hb496¥ﬁo?”ay 6 or group

deflector array 6G. In‘this embodiment, the available space within the confinement of dimensions Wo

by Wo is yiiize tafernf.raniiolping-36Amapd adraravatsaly orishteshoppiring 36BoA\memory cell

31 is preferably folioed at the intersection of these control lines. The memory cell can use a variety of

known strif&GrEBEh &K B RARTBEcEsIhG Tetiing sBeraehorAdt il eRBIREAMRYRAEBFINdustry. The
memory cglsis £anratisdrie siishing alaclrads 32 s0Whatnbislesticalsighal sigradintoe memory

cell will be applied to the switching electrode for as long as it remains in the memory cell. [00107] FIG.

198 show?d W HBHIBASFAAISPASPOPIHE G AYEb et titee Sbpsyrian dsRemartilfes daerdd@nded as
vertical angh iy izauiah GaaGkGiHEG RUS inesdseferallyfastiedenibs.smtacsahthaplate of the

grouped deflector 6G using conventional lithography and etching techniques. In the example shown, a

: A ap ¢
group of 7283 XRMSEASTRNHITEGERRE"Y BriGoP By Plnires) HEsPBlaMyTA BRRbFTES™ The control
lines 36 praterabioFuminjsansypisediealionsiowaids wleyantwidesofithe deflaetorgroup. Each
memory cell in the array can be addressed hy applying electrical signals to the bus lines for the
correspontiRY ¥ SR RERHR S W B8/ BE EPE PIE 5881584467 -29- using a bit-line and
word-line ssing method as used in DRAM or other semiconductor memory technologies. The
signal thu@ %?({)idﬁ%e%lgﬁlﬁ%edr%gﬁf%gﬁyﬁ ] If%iitere LGN T lenlgleog?n € % s){é)lr%get eracl)mugh the
aperture I3anberesporidicithto thiomenmoeicedlly after array 6, and it may be used in a system

without the group deflector array 6G.

[00113]  FIG. 5 illustrates yet another embodiment of the same principle illustrated in the
systems of FIGS. 3 and 4. In this embodiment, the aperture array 4 is manufactured to
produce larger sub-beams 20A. The sub-beams 20A are demagnified by a first condenser lens
array 5A focusing the sub-beams onto a common plane 19 and producing a cross-over per
sub-beam at plane 19. A second condenser lens array 5B, located preferably immediately
behind plane 19, produces focused sub-beams 20B focused towards the end module 7. It
should be noted that the various condenser lens arrays in any of the embodiments may
comprise a single condenser lens array or a set of condenser lens arrays, as would be known to

a person of skill in the field of clectron-optics.

[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 beamiets in sach group pass through a corresponding



[00108] The group deflector array 6G employs a group-wise arrangement of individual deflector
elements with a non-uniform deflecting action. The beamlets are not deflected uniformly in a single
direction, as by the sweeping or scanning deflector array 9 or beamlet blanker array 6. The beamlets
within each ¢ &Jﬁ%‘g@éﬁected to a single point of convergence, and each‘/{§tH 1 tfitétted towards a
different point of convergence. [00 09] In alternative embodiment, the group deflector array 6G and
beam blanker array 6 may be combined into one-htegrated unit. In this embodiment, the combined
group deflector/blanker operates to deflect the unblanked beamlets in each group to a particular
opening in b stop.array 8 [ flecting the heamlets, tq be blanked in_each group somewhat
more strorkgéﬂfc% %{v%gﬁ{/%%ﬁrgx %%%%?ré%gﬁﬁ‘%‘%% 5,[1[%05(;/83%%%@ é(a eérﬁ/ gfgb&a{}%@%f} preferably
near the refenvsatgpeHing for the group of beamicts. The group deflector/blanker could be set so that it
would blank beamlets if no signal is applied and concentrate beamlets towards the end module when a

signal is ajsplied. Hbwevepdimenivdanéybilfe mkanthmArpatessthim tsitagebietionti{ilors the signal lines
of the compined gyoup Aaflpstorhlanker iR MR &%ﬁ@qsggqg&%&%{%&%u@ng&h@m'etS- Thus

it is preferred to have the group deflector array 6G and beam blanker array 6 constructed as
separate\*E8hiBIed sifayedwaty rhbralsRrstrsAntdcl I infixislwbkiramp e sadwe SR L S peituns an
arrangement é‘MH%!?a@@s%ﬁ%)ﬁmﬁimﬂﬁﬁﬂe%@&!ﬁlét@%ﬁﬁ%ﬁé%@%@@@@&@&ﬁ%ﬁéé@@?l&ﬂs@ﬁa@eam

blanker in order to let beamlets through (i.e. a "normally off' beam blanker array), and the group

deflector tABEaFRmRadEe ardsh s f’§ﬁ%bf@¢%?t%$§‘rﬂ%hﬁ%ﬂ@ﬂ%%@ helfoups of
beamlets s iheRiRiastiRniens syalemede0diHelbiG g&mt%t%&ﬂa@ﬁ@g%% to the

embodiment of FIG. 3, including the group deflector array 6G and additionally including a shaping
aperture a8 lrFRMEREEmEPapER AR 8 REbeIBIsRA8Rbly comprises one or more plates or
substrates having ped apertures formed in them at |ocations corresponding to the apertures in
arrays 4, 5 6&lant 6 ﬁ'%‘%%%ﬁﬁ’&tﬁﬁg Y& ow’sl?ﬁﬁlﬁ%ﬁy ?B%‘énéﬁu@?ﬁ}’%%,‘ﬁg%fgférably made
of silicon o offielf $emisarductdb matedied@rddheaperivekae pieferakly fownad msiagilithography
and WO 2009/127658PCT/EP2009/054467 -30- tcéﬂ technigues, and these techniques are
preferabIyﬁé%drieéfo%egogtﬁﬁﬁéﬁ?lé VAR f2Fulr ' %%%ﬁ%ﬂ@%@%&%ﬁéiﬂw%%?%?n shape of the
apertures f&he egpepturessifostiapin tapetiucenaay:18nmnay:h & Rounshrseupaesartotheushape. The
shaping apertyre array 18 may.be coated with a surface layer of a metal to.prevent syrface charging,
and in onePe gﬁ%oag%ig%’tct%g%%{;a‘flg% Eé.) y%lg Wha?é’;i?n geoél'a ﬁ\{cc)’t% ?@‘fﬁra{nnttagl\?lel-é%a%l&s@# layer, such as
CrMo. [00H®} Fiee sbiapehuiesopecateltio sivapegeadhtbearietinpncofiihG. b ipetphdral portion of
the beamlgis striking the apertures. The resulting,shaped bcamlet will exhibit a more uniform dose
distributiorﬁr.&f'%(-]f}[1 sl agﬁtfﬁ%“é%eé thhree gﬁpé?g.[aél%f o(g\}vgéh?rﬁg%g%egmol?'the apertures rather than of a virtual

image of the baam:roUrer, I Mith,this.adoiign Jhe SIS DREEORMES . &ﬁeg%%ggﬁﬁﬁ Z%ﬁhe position

and magnitude of the spots created by focusing the beamlets on the plane 6 er array 6.
This resulg9siereasiiaténirbamiyidssodiosespimhy toaveraditiestor emoréhattbadivaylof témssystems
precedingaglggﬁlgggmgpgg@g_ array 6. However, the system thereby becomes more susceptible to
variations in the dose of the beamtets. [00112] The shaping aperture array 18 is preferably positioned

in close vigimity to the e ankenaraydiseithalneloramunreipiahly afiehaiay.8, and it may be
used in a system withqut the group deflector array 6G. )

beamlets, 1.e. single beamlet per projection lens systems. FIG. 8 comprises the system as

shown in FIG. 1 with the addition of a shaping aperture array 18 located in the vicinity of

(before or after) beamlet blanker array 6. FIG. 9 comprises the system as shown in FIG. 5 with

the two condenser lens arrays SA 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 3

focusing sub-beams 20A onto the end module 7. However, only a single beamlet 21 is formed

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



[00]13] FIG. 5 illustrates yet another embodiment of the same principle illustrated in the systems of
FIGS. 3 and 4. In this embodiment, the aperture array 4 is manufactured to produce larger sub-beams
20A. The sub-beams 20A are demagnified by a first condenser lens array 5A focusing the sub-beams
onto a commB’ PPAHE1%%nd producing a cross-over per sub-beam at pldfer EF2NYBBAY condenser
lens array 5B, located preferably immediately behind plane 19, produces focused sub-beams 208
focused towards the end module 7. It should be néfed that the various condenser lens arrays in any of
the embodiments may comprise a single condenser lens array or a set of condenser lens arrays, as

would be 3 Pe5S f skill in the field of electron-optics OOllp?] The sub-beams 20B are
intercepte 9;/{‘63 shapir?gES z%les?ﬁajf;es 5??3%0?%0,%%%%‘8}%1 fswé%%%{l‘r#%ﬁfm 04 uf%rscrae% &Faglﬂ%/"of projection

beamlets 2&afrerildanhl spbbeanT308 ThesatieohletseR 1 hasschrduglr baarntel Hdnkesarray 6, the

blanked b I ing blocked b rray 8. The unblanked beamlefs in each.group pass
through & s U B O B LB e Ig  SSEe n oo iho arrey B
and are sdb@edvémlysmfemdrénwmwm@n@ymmj@mdhdé.nsm'sta;mgemyehd)ﬂﬁd [06416] The
embodimentshowy a&ﬁ@%&a&ég&a dpasaedist e ettt ol 2 a0 g AR can be a

n ong

a
rather weak lens (allowi ra relative istance between condenser lens array B and end
module 7)bknker|erees,5A. arengsdnitividogithaanitberaid stbngalrenses HA ehet BByare strong if, for
example, beamiet energy is reduced between condenser lens array 5B and end module 7, which is
beneficial for the strength of beamlet blanker 6. In another embodiment an array of apertures is placed

at plane 19¢o,provideygianotisrssgrer;of freadomiasoniioldaegnening analef hgamlets 20B.
20A cither in or towards a corresponding opening in beam stop array § of end module 7. In
this example, the aperture array 4B produces three beamlets from sub-beam 20A, which strike
the beam stop array 8 at a corresponding opening so that the three beamlets are projected onto
the target by the projection lens system in end module 7. In practice a much larger number of
beamlets may be produced by aperture array 4B for each projection lens systern in end module
7. In a practical embodiment typically around 50 beamlets may be directed through a single
projection lens system, and this may be increased to 200 or more. As shown in FIG. 12B, the
beamlet blanker array 6 may deflect individual beamlets 21 in a group of beamlets at certain
times in order to blank them. This is illustrated by blanked beamlet 22, which has been

defiected to a location on the beam stop array 8 near to but not at an opening.

[00121] In a non-depicted variation of the FIG. 12 embodiment, the aperture plates 4A and
4B are preferably integrated in an integrated aperture plate 4AB for producing groups of
beamlets 21, The condenser lens array 5 is preferably located behind the integrated aperture
plate 4AB. This design advantageously provides a simple and economic means for realizing a

multiple beamlet per projection lens system.

001223  FIGS. 14 and 15 are schematic diagrams of systems designed to reduce problems of
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 1s 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
m 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



[00116] FIG. 6 illustrates yet another embodiment, being a variation of the system of FIG. 5 in which
the sub-beams 20A are directly focused by condenser lens array 5 towards the end module 7.
Compared to the embodiment of FIG. 5, this embodiment has the advantage of fewer components
(omitting the ¥4 COAUERser lens array 5B), a somewhat shorter column TeAgtRZMAETES chromatic
aberration due to absence of cross-over in the sub-beams 20A. However, this embodiment lacks the
advantage of the embodiment of FIG. 5 of increas&# freedom in deteimining the opening angle of the
sub-beams. [00117] FIG. 7 illustrates in an even more simplified version of the system, comprising an
aperture array 4, immediately followed un by a.grqup deflector arr and a beamlet blanker array
6, or vice elé%eal.g[%?%']%ﬁ&é}} gntg% ]c.gc}ﬁ%gt%/g égvgri"gﬁ%nélfg]fencé |vteggé[rlnbo%?r%%%%tﬁ%on-patterned
beamlets, imegsihgl b ealinietpenprgjboton ttengisyiste drsudei@i@toontpeisesiing aystemlageshown in

FIG. 1 with the additi f a shaping.a re.arr located in the vicinity of (before or after)

D8 A0RIU90-0LA SNADIPG ARG ALY 48 Jog .
beamlet b?gnke?%lrragg 6. FIG. 5n§()empsr%esqﬁ%e é?/%yﬁacm as %é%(\g/\%nﬁwalg% ghvév{i%ﬁl?%%%{t%v(g %%ndenser lens
arrays 5A laad BBafceigingnglay-Bedhes bORmad208 respettvedpwHotuever, only a single beamlet 21 is
formed by shaping aperture array 18 from each sub-beam 208. FIG. 10 comprises the system as

shown in F1G28 witha riljsteserdesderoens whiahdbs rocudisepsisoanans 20Abeitesthe end module

7. Howeveg,; anlys singlg leamigtzis iowied Qyehaping. SRS ¢ 3hayal8-ram gach sub-beam 20A.
WO 2009/127658PCT/EP2009/054467 -32- [00119] FIG. 12 illustrates yet another embodiment with
aperture affeFAREfRABrHNE SISHBARBIBOR aptbaPEd GraTsl PRy fEFRr datngDBsHRsts 21. A
condenseggns aa (QER-aekObLARIRNSE tIeNSA BMS) JF INSuded Pehindisubhrameareating

aperture array 4A, for focusing the sub-beams 20A towards a corresponding opening in the beam stop

array 8 of BAdHOGHRS AisEs G OERMY SFenthd et 350 B lariE e iR tbmbination with

a beamletplanker-aay®, TiR: RUARNERSlesatagather witharay 48/beforadr ¥ teLthse other way
around. [00120] As se[loarately shown in FIG. 12A, the condenser lens or lenses 5 focus sub-beam -

20A eithePRTBIFShRIGS e FRSBRIRAIME OFE g iReBedmestsh heray BIERYAY MOBEABY. In this
example, ag3REAuUHE A aYidBnp EREdsES ihinaibeamiainiam.subdgrmR0A -y hich:sirike the beam

stop array 8 at a corresponding opening so that the three beamlets are projected onto the target by the
projection AL SJEHS BV b RE PO FAQRCE S RSN 1AM HAIHBSE b BEAMIBEIREY be
produced hy2rgrargaiaefBtoneac @ Liecian e nisystemincenthoned Wenihd ma practical
embodiment typically around 50 beamlets may be directed thrqugh a single projectiop lens system,
and this B TRAAL G FGERGR RIOPES AL SRR PIHE: SoR oD ELFHI BAPKERdrray 6 may
deflect indiyigtiat heamieis:A3 éndngroup Df beam lets at certain times in order to blank them. This is
illustrated by blanked beamlet 22, which has been deflected to a location on the beam stop array 8
near to buibpnckat dl@penihgio121 teraanonta EPicted iretiation ofitive dol@pid? eraiedineent, the

aperture plates ,{4A andd4B are pre (gEabI¥1 t,elg&e%ted irhan inte rateg1 pertyrenl tet4AB for producing
groups of Beamiets 21- The condenser er@ %lrrag}v £% 6}%%}%%@)1% a?teda %%h?n e integrated
aperture pateidiag T hipdesigmbidvastaljseosyissiovisebursimp|Bandetconomicdieans for realizing a
multiple b%%ﬁ?ég%%g%l?%&'ﬁ@%%ﬁéﬁg shal I GR sl BNt AR A SEREMRNG Hiagigms of
systems designed to reduce problems of

array 15B, so that the plurality of beamlets 21 created by the final aperture array 4C become

parallel, i.c. the central axes of the bearlets become parallel. The collimated beamiets

generated by final aperture array 4C and collimator array 15B are focused by condenser lens

array 3, preferably located behind the collimator array 15B. Group deflector array 6G,

followed by or preceded by beamlet blanker array 6, is located within or close to the focal

‘plane of the focused and coilimated beamlets.

f00125]  Certam additional aspects of the arrays used in the preceding embodiments are
tllustrated 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



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 betwgveéwzmg’ ke 1 and the collimator 3, to focus sub-beams in XG&/FFAMBIAHEOf 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" operidg WO 2009/127658PCT/EP2009/054467 -33-
angle is convoluted with an aberration angle. A second effect is that if the sub-beams are imaged in
the collmater maig, plape, with, suffigient demagnification, the obening anle,is Jarge, and thus the
aberration angﬁe IS small wit respecr%g[cgnt%e’openlng angle The Unusadle orat ieast unfavorable
angles canrthegeinentaritvart dycaond pertysecoiowntistreamd0oit Z3h FiGsdl duilbdstrajesiansdiiution in
which the (\)/}r&ilealfgurce Is imaged on the target, using a single condenser lens array 5. This condenser

lens array 5 Is intluded within a diverging beam patrt, in close proximity to and behind a first aperture

array 4A. Ielpcurelmbsbaame ke REAE AR MaIRFES Ao MalRplalel dcglipator aray
15, from where the sub-beams diverge in a collimated manner, here with parallel central axes, to a

second apéldtiré treapreiurhel SeEoherap i el AyPiR d8iep astrlietha it/ blenbeaaedyto truncate a
peripheralpart,qf, thrscobimated suR-hramsaAwcanialPait chihese-qalimaled.subppams, showing a

mostly uniform current distribution, continues to a third aperture array 4C, which finally creates

bcamlets 2P bevptberiea Behtibng igeon hetmmeaes | 8iked BiP BetimRPCHIIARSIMARTEE A group
deflector aa%@‘y bGiandcdoean et RIankesBriavil (Sesatephehing dhe, inaleperureaHay4e as

described before, for directing groups of beamlets created by the final aperture array towards end

module 7.F0tMD%} Ficwesidny bedishxemitvbaptint! tandserstirry dimesieddnislex arrangement
using two gRpdeRsE RSt ARfvR AN MR Calinator afaysindpnd daBibutprovidingan

improvement in overall transmission performance. Bcamlets as created in an upper system part

correspondisiite fraeshamaienel HidaapEheeniywolrHated mychliimatsragesrmss, 8o that the
plurality ofjbeamipis 2 lscraaied by, ihe.ing! aneriuim 25y #mBeRAIPe PREAIEN . RS Gepial axes of

the beamlets become parallel. The collimated beamlets generated by fmal aperture array 4C and
collimator @frrayresBiiely foR Use d o actheeiedmidngyanpdy. 3, prederbisipuodatad pabint the collimator
array 156, (IARERP SIRNAUKRY. BE [oHOUaH Y OLRIEGRFRE By fepglel %@gfo%ﬁé%& s located

within or close to the focal plane of the focused and collimated beamlets. [00125] Certain additional
aspects of tHBAF A ShgsdatipiAp & Preldeifdgenisedinee amoun st desehimifirg®nis thad 17. FIG. 16 is

diagram showing, RRssikleniayQutian 3 ReRRYRkPIABARER Y, P Mtk ANAfREL KU pFiiangular

arrangement of array apertures. The apertures in the condenser lens arrays, and the group deflector

arrays in the &/B6Eu B oA tsivs It RE BeDog1 85 BreTyE 2D /asiere the pitch of

the available area to locate ¢.g. a blanker deflector is typically an area of W1 by W2, where in

this example W1 1s 130 pm and W2 is 150 ym. A practical number of beamlets per lens,
alternatively denoted spots or sub-beamlets, could however amount to 200 or more. In

practice this number is made 196 beamlets, arranged in an array of 14 by 14 beamlets.

(001271 FIG. 17 illustrates a preferred combination of an integrated aperture array 4D with a
beamlet blanker array 6. The upper portion of FIG. 17 shows a top view of the integrated
aperture array 4D. The integrated aperture array is designed with fhe same dimension
constraints as the beamlet blanker array 6 in FIG. 16, with a field of dimensions W1 by W2,
Each ficld 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
bianker array 6 are according to further preference constructed with a thick piate provided

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



-34- also conform to this same arrangement, which directly corresponds to or mirrors the arrangement
of the projection lens systems in the end module 7 in the so called projection slit of the system.
[001267 A deflector area 17 of a beamlet blanker array 6 is shown, indicated with a location relative to
an aperture oY YEHEERERr lens array 5 preceding or following the blankef GHESAWY 46T FIG. 12.
Since in the present embodiments the condenser lenses are arranged typically with a very high filling
factor, here around 80%, a sub beam aperture asif-aperture array 4A in FIGS. 12, 12A and 12B, or
the circular opening of an integrated aperture array 4D as in FIG. 17, would only be slightly smaller
than that of candenser. lens.diameter.De as projected here in cambipation with a blanker array 6. In
this examsgrem(tqgg %%ﬁéér?s@gf é%@lgégh?%ﬁﬁ%%ngé%%r%agtt}egrgwi'glgn km. earr#;%]llr%a%%aerﬁdgctor area 17
in this arratgenbentis determinethbycsigbe:s of S81gie biaG6pwhide ddifggo paiametrcfostencircled
measure S ' km. Fo hnol neode; a reasonable nymber of
pixels in g}gﬁ%ﬁ% fgr{l@?(%{ %ﬁﬁ%ﬁg f?ﬁg%%%fs&gf %%ﬁgéégﬁrunr%o‘%% %@%9?%?17‘%%} ?vwvﬁ ﬁ%%%ometric
diameter ohtrapog sheccwop el isadienapsrane athy picad apadure afddemvagrificationapetiuesprojection

lens systeﬁle@grgﬁg {LH%Q{;@@ %&8&'@' LACHEding to an embodiment here exemplified, be a factor of 100.
With the triangular positioning of the beamlets in the system, the pitch of the available area to locate

e.g. a blankgngeflegtonhis gyﬁgsglaf@@ﬁfs%@mlt Bl AyageiRIhS examRlgnd & didfkm and W2 is

150 km. %%ractical number of beamlets per lens, alternatively denoted spots or sub-beamlets, could

however &6HTD DoDhsrmisrE g ceE s Hurbet i Hiratiehtbepalen [bes, BerapRBEch an array
of 14 by 14rapalpttMRrAlRS ¢ hillusgralss amreiatetcombiaation afaoinegisieg aperture

array 4D with a beamlet blanker arraé 6. The upper portion of FIG. 17 shows a top view of the
integrated®BPEMGEHTAY At bmirkBErsE dEpetitte BvERIde aiginels ey tRBISAHBGimension
constraintsmasthe»eamnigtialankeyr ay eierfiducttn witha fislh of dispansiers Wik Ryd2. Each field

comprises a field of 49 beamlet apertures, which are schematically represented in groups of 7 by 7.

The lower PofiSAtBRiREY P hgibadtipdvimtecdrad infagradiiaperumsaiasmit aHa beamlet
blanker arfayiBaihiheiiNegreted aRERKS anmy:-4D AR the-Dasmiet anken-araund.are according

to further preference constructed with a thick plate provided with a single large aperture for each group
of beamletsyland atfdhiatehysplate dfaking Beultipleniéd 200h27 &G8RCT/ER2QAIN54467 -35-
smaller apﬁigur%sﬁlor Vea%ch individual be%mlegt in.each g{%{& 'gkggseit?iclg ﬁnd ‘tthin $Iates‘ma.y either be
two separa e(,) Ghnectad %Ia?zé%},{%orbgi%ﬁgaféepI%‘qtlél%ﬁa\%|c | the Ia?‘f]rél %B’es’r {8851 fHEPIoHed, followed
by the smalbepddiugesrdibe flargeapenysgsunbie lilyafolns; vebtiaal whlisiée oo ratradistgythe group of
smaller apertures, the large aperture and group of smallef apertures preferably arran coaxially as
Chown. 100 b T B o A T o ik
electrodesf Thetieanmidicremdarihgaaperenes:of amaydkts arelstigitly smealterthanithewpeftures of the

beamlet blanker.arr .lnaccor with a further odiment of the invention, the aperture array
%%ﬂt?gattxg Q)éhGar € e%c(fiea@e%%l a Pug heam ée%%]a?or e Sd l}lﬁlﬁﬂ'ﬁyl ﬁgg éqé{}}a%eoarrlnﬁas the

4D and beam nker drray 6 arc integrated in a single array. e
advantagdiofretifahmesé dactiontohohanlniisembf gpticalel defients sdtip tfasiistdml column, but has

the disadvantage @gﬁ@g%ﬂﬁ&éﬁ@%&&%"@ﬁ@% Egl@%ﬂ?ﬁg _

w}gqﬂthe i hlry recise and highly
uniform apertures n integrated aperture array. [0012 aspe% sfgol?qgﬁecg?l I.é:'sr?t invention

are fu rtheuad@fﬂ@@@fﬁ%‘ﬁ@&ﬁ&é;@"ﬁﬁﬁ@@tﬁbﬁmi@gﬁ@%@bm@%@ ailtelrean owimgaapiurality of
peamiets, SaIhSYRIRMOMBFTION, ahrapicrasRaAN e anerirg apkualitngibganiets: a

beamlet blariker for controllably blanking beamlets; an array of projection lens systems for projecting
beamlets &pntdeetaerdorihelttigyabhmereih tHeupein srgdnvese rasrphvsdast ¢dakt one charged

particle soyce don deneratingachargetpaids.hramias  rheam generianAeliRing.g plurality of

sub-beams from the charged particle beam, and a beamlet generator defining a group of individual
beamlets frgincaBr srasel itmioearms el iaaedsairnbgrapticl 8y sternniasrfeptarsiisSomprise a
sub-beamymanipulatersay dRlofienripshsaidigHhBeams. The sub-beam manipulator array may be
an array of sub-beam truncators for truncating a first part of a sub-beam and letting continue a second

part of thergubopeame ShedunsatarmastipyAsate adpribaleralparbRithe fykdipaminwhile a central
part of the subibeaTm continues. The sub-beam manipulator array may comprise a collimator array for

collimating SREE S 138 SHPs TR SRR IR AT BoBHEEBESHF SAEASI HERAE Rive#tfing up to the

collimator @i@ahser 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.



[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"é?lgﬁ%gé%ﬁ%%wards a common point of convergence. WO  PCT/EP2009/054467
2009/127658PCT/EP2009/054467 -36- The sub-beam may be converged towards a point
corresponding to one of the projection lens systerg-after division into beanftets. The sub-beam
manipulator array may be adapted for converging groups of beamlets originating from a sub-beam
towards a-gQ int of convergence for.each group, the common point of canvergence optionally
peing & b o e e R S SR G S e
generatedsfitemshddselariomaitodaarthesr dhgeubebeme m&) (00aamd: 54, 00G. Geheaptirdtfer of beamlets
generatedf1am (e, SuhReaPIS, A 0% 1 I 3nde.bEiEan 2ANd 0,000, e proiegtion lens
systems may be located In a vicinity of the tar%et surface, suchthat a distance between a source side
of the projeeticrigeanss Systesh giednhidooammien gemé aftorisckager o distenge between the source
side and (Be-aeka (Ach. THAAIUAATAX IR HS AR RL 1P GIPRIAROLHIe ayiheams and

the creation of the bearrilets. [00131] The preserit invention also encompasses™a method of exposing a

target usirBedpitraliy ksfibdbemtat; teevirethO8 o 3 Henerathny o prarality shbeddlets;
controllably Rlanking heamists; 9&91%@%%@@%&%% %éﬁﬂ@%@%ﬁé&éﬂ?&nﬂ%ﬁ{%ﬁtme

generation of beamlets comprises: generating a charged particle beam; defining a y of
sub-beam@3di lttatedh Hr geacputyi el vaaractane asefinipl thrba g epindividas) beeuntesdearh the

sub-beamg,. themathadmamdrihanconRrng he-ieR fhaptiraly, nanipating g sib-beams. The
optical manipulation may include converging the sub-beam t0 a point of convergence. The point of
convergert€B RsAIpaNS Chgder 3t S pbieR: dite rapiiviagTrEs s Beansd fatchndrvrdoalasebgsets, the point

of convergghes hRing: 3L RORLAISoNvergence for the group of beamlets generated from the
sub-beam and optionally being a point corresponding to one of the projection lens systems. The

method may:furthemegmpsisanhiassaniol aiesivisesmanpldatingdhaineamiels cieated from a single
sub-beam. 10§_13§i Thel%:sent invention also includes a method of exposing a target using a
BRIt th

plurality of bR B EOH DRy ST 8FRTAE S AHLvHLL P e 5B arn ity separate
beamlets blskiadeamifomoibaigeneiatied beam; wonveding greupsathaamielstewardsra common
point of cqnvergence for each group; controllably blanking beamkts to generate patterned beamlets;
and proje%’t?ﬁ%‘%ﬁ%cﬁgﬁgﬁﬁé‘og%%é?ﬁ&& SE‘%W?@ ?df#ﬁ&’@%?ﬁ@%ﬂ%@iﬂféﬁgﬁ%ﬁp of beamlets
is convergeshtakearidsg@ppint dorespondi deric i projectomlEns sy dem insuseferdigiecting the

patterned bc(;:‘l%]rsnI%s{,3 on (’)tg%l gur%? e rof the ta_r(i]?_t. t—37-f[0013@The.£]lentiog haEeEeen described by
reference 1 R O A E N CMAP B P BN e P8 AL THES S M odiments are

0 cerftain embodimen iScussed abovelt'wi
susceptibEoopexidusanipdifitations anddltemativiedodsuvalkinawn foitinoseont sl thaart without

departing from t@e spirit and scope Pf the,inventio .@ciﬁ% ingly, although specific.embodiments have
t t . S - ; . . .
Db cosdHin S as it oS b HOE ARG s e SR 1S T ancon, which i
defined intttrandets.cheganyiod claimrgence being a common poimnt of convergence for the group of

beamlets generated from the sub-beam and optionally being a point corresponding to one of

the projection lens systems. The method may further comprise the step of groupwise

manipulating the beamlets created from a single sub-beam.

[00132] The present invention also includes a method of exposing a target using a plurality of
beamlets, the method comprising: gencrating a charged particle beam; defining separate
beamlets or sub-beams from the generated beam; 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.



-38- WHAT IS CLAIMED IS: 1. 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 particlezt())&aln;_}ﬁ an aperture array for defining separate beaml%tsﬁ%%% &Q&%er_}erated beam
SO as to proJng gréups‘ %t beamlets from the generated beam; a beantiet manipu ator for

converging each group of beamlets towards a point of convergence, where each group of beamlets is
directed towards a different point of convergence:37- a beamlet blanker for controllably blanking
beamlets in the groups of beamlets; and an array of projection lens systems for projecting

U”b'a”kecﬂo'a%%ﬁn'efﬁe%%‘ﬁt%@fﬂ&%%rp&@s@}lﬁ%ﬁ PP ARG SUEBER.0] IS IAIGEKS dist§RIREFIN the beamlet

manipulator is adapted to converge each of the groups of beamlets towards a point corresponding to

different prbjeetidhvéhBesipsasrisonifinthines arragdonprijadivisieniidly aeniipus modifications

and altemative forms well known to those of skill in the art without departing from the spirit
and scope of the invention. Accordingly, although specific embodiments have been described,
these are examples only and are not limiting upon the scope of the invention, which 1s defined

in the accompanying claims.



2. The system of claim 1, wherein the beamlet manipulator comprises a group deflector array. 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. 5. The system of
any of claims 2-4, wherein the group deflector arré#is integrated with the beamlet blanker, the
integrated group deflector/beamlet blanker being adapted to converge unblanked beamlets in each

group to ' 0t converge blanked beamlets to the common point. -39- 6. The -
system o%%%%&%—%}%erein the group deflector array comprises a plate having apertures
formed therein anehelgetrpaiesiassoriateshithpach apartyaiibe eleciiodps resriMng electrical

signals for deflecting beamlets passing through the apertures. 7. The system of any of claims 2-6,
further cORASHERGE SHElEMGUPRTIRg array for shaping the beamlets. 8. The system of any of claims

2-7, wherein the apertygaif 3y COMRIigan A shaping AReIUIR-AIAY fQhsharipg-the: heamlets, the
aperture array is adapted for defining sub-beams, and the sharoing aperture array is adapted for

creating beamlets frordtii8SHEcHEE Y 1dsHpBR TR ) sl Tifcisma s gaparafd srrayIssing

integrated into g:SiRGe Witords breSYRIE R AN Llaimsi3:8mherein the bearnlet manipulator
comprises a group deflector array and the group deflector array and the shaping aperture array are
integrated in a single w@ritgamlet manipulator for converging each group of beamlets towards a point

of convergence, where each group of beamlets is directed towards a different point of
convergence; |

a beamlet blanker for controllably blanking beamlets in the groups of
beamlets; and

an array of projection lens systems for projecting unblanked beamiets of the
groups of beamlets on to the surface of the target, _

wherein the beamlet manipulator is adapted to converge each of the groups of
beamiets towards a point corresponding to different projection lens systems within the

array of projection lens systems.

2. The system of claim 1, wherein the beamlet manipulator comprises a group deflector
array.
3. The system of claim 2, wherein the group deflector array comprises a group-wise

arrangement of individual defiector clements 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.

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.



10. The system of claim 1, wherein the beamlet manipulator comprises a condenser lens array and a
shaping aperture array. 11. The system of claim 10, wherein the aperture array is adapted for defining
sub-beams and the condenser lens array is adapted for focusing each sub-beam at a point
corresponding to different projection lens systems within the array of projection lens systems. 12. The
system of claim 10 or 11, wherein the shaping apesgtre 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. -40- 13. The system of claim 1,
wherein the beahifet YismipUiaryoé staprsdsSfiveh et sbe sraipoledense alans comayisentipdeshaping

aperture gi{ays a]p‘ért{% fystenpiclaimd éewgééé%&?cﬂ?&[% %}r% aﬁe%?@tﬁm% L?ég%re(;gégng

sub-beams and wherein the first condenser lens array is adapte cusing the sub-beams at a
common’Bretakeiretivel sepuitfeofelensing basnalvaypasidghbroegv it epadersser lens array is

adapted for focuging.each gygﬁ eam.at.a pe i rresponding to gne .of the projection lens systems.
15. The system of an);% of the p eceg?%g clai(r%is, w éel}gﬁlm %Shg%k%x?%fl 538?#3#53 %%Er%fg‘ied in the
system ishargeg thahdireletsmber of projection lens systems. 16. The system of any of the preceding

cains. v e SESTERRISS les 1000 poREieh rsshoene, L The oy of an
times thexpentubenoipfojeblipinieths bystelets. the aperture array is adapted for defining sub-beams,
and the shaping aperture array is adapted for creating beamlets from the sub-beams, the
aperture array and the shaping aperture array being integrated into a single unit.
9. The system of any of claims 2-8, wherein the beamlet manipulator comprises a group
deflector array and the group deflector array and the shaping aperture array are integrated in a
single unit.
10. The system of claim 1, wherein the beamlet manipulator comprises a condenser Jens
array and a shaping aperture array.
il The system of claim 10, wherein the aperture array is adapted for defining sub-beams
and the condenser lens array is adapted for focusing each sub~Eeam at a point corresponding
to different projection lens systems within the array of projection lens systems.
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.



18. The system of claim 17, wherein the number beamlets is from 10 to 200 times the number of
projection lens systems. 19. The system of any of the preceding claims, wherein the bearnlet blanker
is arranged for individually blanking beamlets of a group of beamlets. 20. 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 th@target. -41- 21. The system of any of the
preceding claims, wherein the beamlet blanker comprises a blanking deflector array and a beam stop
array, the beam stop array for blocking beamlets deflected by the beamlet blanker 22. The system of

any of th&’precddi SYEISIMEE B dimther BBhe S BmskBraE IR BBI SRR Ctbiseray and a

beam stepRiEAYetNORIH IR @g;ﬁ%h{gg Hleaking.hgamlets not deflected by the beamlet blanker. 23.
The system of any of the preceding claims, wherein the apertures of the array for defining the

beamletd &re srhafiél tah AsdritirdS.i seeHetn aekierar2y. iy pdapipd dm delaminofthdpreseding
claims, %ﬁer@iﬁefém%@ﬂfspfoa@&%s%i fAellagiol auaual ﬁ%&ﬁ%ga{% éﬁba@&ilfé&?g %%f&%gqﬁ{&pfovided

with walls extending upwardly from the plane’of the array. 25. Ac ed p;art multi-beamlet

system fBlaagiséing theargerdismg @piulennporham bissehendysmdanseniprisimgy is adapted
for focusing each sub-beam at a point corresponding to one of the projection lens systems.
15, The system of any of the preceding claims, wherein the number of beamlets generated
in the system 1s larger than the number of projectioh lens systems.
16. The system of any of the preceding claims, wherein the system comprises at Jeast
10,000 projection lens systems.
17.  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.
18.  The system of claim 17, wherein the number beamlets 1s from 10 to 200 times the
number of projection lens systems.
19. The system of any of the preceding claims, wherein the beamlet blanker is arranged
for individually ‘blankiﬁg beamlets of a group of beamlets.
20.  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.



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, wherdih-the condenser lens array is adapted for focusing
each sub-beam at a point corresponding to one of the projection lens systems. 26. A charged. particle
multi-beamlet si%tem for exposing a target using a plurality of heamlets, the system comprising: at

least one*ChargeB PP S80YCE OF BEHErTnG YRR arGsiepuriic Repulblanker compriscs a

blanking deflector array and a beam stop array, the beam stop array for blocking beamlets
deflected by the beamlet blanker.
22.  The system of any of the preceding claims, wherein the beamlet blanker corhprises a
_bianking deflector array and a beam stop array, the beam stop array for blocking beamlets not
deflected by the beamlet blanker.
23.  The system of any of the preceding claims, wherein the apertures of the array for
defining the beamlets are smaller than apertufes in the beam blanker.
24.  The system of any of the preceding claims, wherein either-one or both of a deflector
array of a blanker and an aperture array are provided with walls extending upwardly from the
plane of the array.
25. 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 2 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 Iené systems for projecting beamiets 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.
26. 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;



a first aperture array for creating sub-beams from the generated beam; a second aperture array for
creating a plurality of bearnlets from each focused sub-beam; a condenser lens array for focusing the
beamlets; 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 the beamlets formed from egkh sub-beam at a point corresponding to one of the
projection lens systems. 27. The system of claim 26, wherein the first and second aperture arrays are

integrated into a single unit. 28, The system of claim 27, whergin the first aperture array comprises
comparatively large aﬁeﬁfﬁtrggeg%etﬁggé/eg&?ﬁ%{g@ “%‘F?W&%?ﬂb @s@%eb%ﬂggmomparatively

small apertures correspepdinbaig:rachulaigaparitiig b sheditst aneriunetama: taenvalssel the large
apertures extending upwardly from a plane of the second aperture array. 29. The system of claim 28,

wherein the wall$’6f ti€arge apertures enclose an area accommodating the group of small apertures

of the second aperturg abRien0 | dResYs RITehRIMZSehdivherein the walls of the large

apertures extend upwards to a considerable extend in comparison to the thickness of the second
aperture array. a beamiet 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 the beamlets formed
from each sub-beam at a point corresponding to one of the projection lens systems.
27.  The system of clabm 26, wherein the first and second aperture arrays are integrated
nto a single umt.
28.  The system of claim 27, wherein the first aperture array comprises coinparatively large
apertures and the second aperture array comprises a group of comparatively small apertures
corresponding to each large aperture in the first aperture array, the walls of the large apertures
extending upwardly from a plane of the second aperture array.
29. The system of claim 28, wherein the walls of the large apertures enclose an area
accommodating the group of small apertures of the second aperture array.
30.  The system of claim 28 or 29, wherein the walls of the large apertures extend upwards
to a considerable extend in comparison to the thickness of the second aperture array.
31.  The system of any one of claims 25-30, wherein the second aperture array is combined

with the beamlet blanker.



31. The system of any one of claims 25-30, wherein the second aperture array is combined with the
beamlet blanker. -43- 32. 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. 33. 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 in§fant convergence of non-blanked beamlets. 34.
The system according to any of the preceding claims, wherein the beamlet blanker and the beamlet
manipul r areﬂgte gted mto(fal smgle un 35 Th é m accc])lrdlnlglzjtli1 q?? ecedmg claims,

acCcardt coeding clajms CIel
Whereln "of the melmts originate S Hom a smB 6 source. 36, The systern 5E85% iy of the

precedlr@s;jamtbaﬂdaﬁneMeﬂnﬂ@mmmammmﬁée&ﬂmhe@wu@maeamIets is Iocated within a
s e conprigs beaniop AT TS asemacoadg oy e perenacars
of a projegtibeag)yistemnipulator are located in close proximity so as to effect an instant convergence

of non-blanked beamlets.

34, The system according to any of the preceding claims, wherein the beamlet blanker and

the beamlet manipulator are integrated into a single unit.

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

originate from a single source.

36.  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.

37.  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.



-44- 38. 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. 39. 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. 40. The system
according to claim 38 or 39, wherein the beamletstdre projected on to the target by a lens system for
projecting the beamlets in a focal plane thereof. 41. The system according to any of the preceding
Iectr n optical elements far.influen of the groups of beamlets are

lai let
gril&zl\e/gdlg Z;eélec?roﬁgfnc S B EoR RS P EFIL%% %%n&a‘?a@%#mﬁ% ps of beamlets of

the systesnvéeitesfyatinhaceongingiccanyaf ik areceding efpiticpialeiannsttiple groups of
beamlets are %] enerated from a single source. 43. The system according to any of the preceding
claims, WHOEH &' &58em comprises a plurality of sources using common electrostatic electron

optical CQQ]DOHEFB&ystem 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.
40.  The system according to claim 38 or 39, wherein the beamlets are projected on to the
target by a lens system for projecting the beamlets in a focal plane thereof.
41, The system according to any of the preceding claims, wherein electron optical
elements for influencing beamlets of the groups of beamlets are embodied as electrostatic
components common to all of the beamlets and the groups of beanilets of the system.
42.  The system according to any of the preceding claims, wherein multipie groups of
beamlets are generated from a single source.
43.  The system according to any of the preceding claims, wherein the system comprises a

plurality of sources using common electrostatic electron optical components.



