; e3ezw. HGDTWG607/ 03/ 2003 Proj ection |ithography device utilizing charged
particles. The invention relates to a lithography device for carrgyjpasogyt
projection 5 |lithography by nmeans of a beam of charged panicles, which

devi ce includes an inmaging panicle-optical systemfor inmaging a

| i t hographi c object structure on a |ithographic imging surface by neans of
said beam said particle-optical systemincluding a substantially

t el esdrpjectioy sithngraphyndeyide uighizizgehangasdepastides.ound panicle | ens which are
arranged to produce a first and a second rotationally symetrical |ens

field) respectively. A device of this kind is k article in
Proceedi ngs SPIE 10 m‘m mummm&am Sour ces and MWE@ l@"@ﬂmcl e Optics",
10-14 July, 1995, b wicz et al., ron- Qpti cal
Desi gn for the SCALPEL Bgget of Concept Tool s™, publ¢%dded in SPIE, Vol.
252" Z, 1995. Particle-optical imaging) notabl y el ectron-optical inmaging)
can be used for the |ithographic manufacture of very small structures, such
as integrated el ect Thoiiveatios vélids &F a MRIgSaph rdew:@Itoﬁti:fPuhg dut ;Wo}iéanan
resolution which is less than the wavel ength’ of he i magi ng of a

i t hodithagmerhyoy geens of adeameoforatgedipaririesa priieh ﬂmgi wglugesrarameagmg 20 25 by

CeaueRBrisfi Gl Mos el IneBl hGer e Splec ol B 4 1B olBBRl ragins e

em SSWfoa mez:an.obf 8did et said paeivleoptical sﬁst@ﬂﬁﬂclﬁcﬂﬁg aGhbsurmiallyaged) at a
stron y reduced scale) on the lithographic, inmaging surface on which the

| i Bho§ilessapie sé’ﬁ‘FG’c‘tVl!FPea fipst ;3Rd poeReng roynd @ab'b?l“-‘p’rcé% ar|grgngadaigeprofugene
| ect bj ect b f
For el M £8pdohlTounRBAl s)ifinfhfl REC HeRCreRRANE 001 0L Y TP ho Guti ng

sai d di spl acenment. A hievmemflthxsd&nd Isemmatnt from 4droarielel mﬂb&d:edﬂhgs ISPLE
sequen}%l ally witten onto the | | ogra hi.c i magll ng surface.
di mens t?ﬁgo’b'IBeFWescP‘-IrF?r‘oﬂI‘ ﬁ?"cﬁegt PUI?I"U Blicy'e ﬂg&‘b’ , 1899nby |W:é<nt I y nor e

time wWiskieRfcs SO4l! r@rﬁltfeﬁr"élgﬂ?ro%c@ﬂmalq@e%#t%P&e@CAﬂ#’EL%B&C&‘%ﬁn Et
increase In time in proportion‘to the sufface area of the struc
BéOfauFeohbvpuddished m SREE,i beg’b&ﬂew% i.rcuit technique there i s a strong

tendency to i mge i crea5|n y Ia er s tures the throu hput during the
production of int eg‘p iglg- °<Pi“ eBP@éé’e eEqngoRyical urga(gxr{gh gﬁi C{T@'hod

of i npgi 1ttgogx§iameq9mu‘fgcmfec&e@ety rggtau SIREQraADIEA ACRARRed etettﬂmgb&r&ﬁ?seo f
non- sequential i mging, the hogr aphi c object strdcture to be | mage
uni f omatks for such airewitshywithe amesodiftionhehich eetess)mabehmmdc@gtm oflighnhg | ens
T oo oReSegset &R R b SRS e
pixel by ﬂfeahi"@f El%ttfr@ﬁzﬂcirpub? dfgl gaf qfrfed Isms:x&wwéﬁnmugt%ny and-fdn- Not
sequenti al | y proj ect ed the |ithographic imge surface. Therefore,
this seauewillys In ithcheape qitppquential Beaging. |thel epissjvecurfaer pf mhdgetésphymre: Tie

i 1 hob Paifertab I Bk efeh of i BB velihon o BN G AR bl SMiPeot ace

by meahihahe fitlspsiEiit efrucoteaio B firngd $¢/1078¢ picvadedeiTaitinmBe be ﬂfeeaectﬁmch a
l'i thographi c object structure can be fornmed by a %@orrpar atively | argp
hi c

r endi $9us%e Ghe aspat Dhis gispianicd asresk tiholiectiby méans@ﬂ cxampie deflertioneei

100 0o efitiroiEat'oARg arkey B ot GurddiosiE HiBlact U TREBlackdr thé DRERIBT C
be f overimbgey aré emacdeqaéntiatiykyrindi oinoitse tithegrdphigigthging subfacd.i Ahagr aphi c

magi n surfacg (in that case bei %a wafer) in order to formlntegrated
c. rc ngiRRY ef Msnhithegraphicmsre I@F%tﬁhﬁlén%mbamge dme Vel bscsawiced

("Sc T PrLQj hy" .
The | oner e athing (PHAHe B b b AbLE <aRREIn S e S SRR Y
| ensemrea bémengna:mret Betasalroyadyyynietthe rmégrhed sirtuiekathnighe dItrct 0@ tineng
c stitute a telescopic,s Sﬁma%r In the context of the present i.nvention a

r

eSEBHNEY 49 dPags fncreasi SRUGREES, éh%@éﬂ“@PEyéltféIﬁ BF ProARsHEN Rk ch
conv l; am The
Si rrplqgge?mf%%hr H?&}lgs uc @“géfyti‘?’{egnf g%%?tgh g‘g n%&%'f lﬁhéﬁgqﬂg&vc:a%gupgg ?0 conmmon
opt i datreasingly rhoee astgemo‘mbhs of one lens be| ng coincident with the front

focus of the other s. Prqjection I|tho uires tel escopic
system because a &%ﬁh‘a?aé&@étog) SF%H’:QB"‘IWH%H@&%% @‘ E‘EtO%JﬁCI' EI‘E't“iII" havi ng
a di aeineige®fis LhRoRKIEFra@iatdiBBN iebifiCoOthe leid¥ttbn Wearth Jae dﬂ%@@l %’ﬂ@ﬂe‘d on
t he I|thograph| c imagi ng surface. The edges of the structure should in
principle be just as sharp as its center) which nmeans that the inmaging

defects at the edges of ?5 the structure to be imaged may hardly be greater
than _those at the central ~pans. Th| S condl tion can be opt| rral I y satl sfied
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07/ 03/ 2003 3 beam Both effects are greater as the current in the electron
beamis larger, and cause i magi ng defects by the imaging system T 003
imagi ng defects nmay not exceed a specified value) so that an upper Timt is
al so i nposed as regards the current i[hthe beam and hence al so as regards
the throughput of the integrated circuits to be produced. 5 The descri_bed
repul sion., effect is strongest in the part of the electron beam where the

spaci AUt 1P Herme aBmaghs rdHcadher Riafh the lichagnaphic object irugtiee am &b of a
p i ] . : - . i t
C bon e ifEtar iRy SEIQN THE el YO DREADE) ¥ BhaRAHE RSHGRB0ARS, | 0

say at.et het seqeentillyt, Ipeojeaiedoheht lithogedphiwimige aufrfackeThevefdrendis methodnof
t hough it r’r%§ occur ailgat cross-overs are also formed in the el ectron beam

10 ahdshpessp Hé_,alspeq { @(Rf)‘?JE‘:‘Ws’!‘B‘Pﬁra%q}’ch cross-overs do not have an effect
ongthe (geormetricalypd Gpgl é}ﬁclg‘ﬁg?cgfbés a{jﬁg\geﬁﬁn hWﬁ@h? rﬁéﬁnU&‘tiﬁ%ﬂiEh phe

irradiating part of the beam an 0 no cur | magl ng beam pat h

bet we&thographabplgect ftruceaure iis tmaged hi aclithbgmphicsimagiigiswfacaryy mbansi ofbge (t he

| it hogr aphi ¢ i magi surface),. Tt is an ohject . of the.invention to nmake

o o P of ot gealin S ey e eiraroprieiops Shet 1homsasic PEES! o) Hang

hencegj i f: { i Yol its.

To 't hP% FEngaTR, & Mo plalitlp udehdiion of aPABOMaphRTpEk WHIRL 8P iFapld

char aon erlithegtaphic tihmginghsarfaes in aider wpddéroad thsyastuain(inoch swieler) ilitlsdgraptadr upol e
ns _and .second aqrupol e .neans which are arranged t roduce first and

B e BRA el TaiR o 5e e3P ChBS e e £g Be AREEUE Frs oL BHTEacty BE sar g

quadr yidigniske WgcIP s theg nRead ddinen e %ﬁgﬁ?%}hg@l‘%% tﬁ&gﬁgg?,giﬁgu y

right angles, said first and second quadrupole tfle el ng ially
coi ncivatem inprdar thforfn irgegraned cirheitssibersfitdrm.oT bits i kooainl §thegnapbicrmethbd liens

field i Vothe strength of the quadrupol.e fields being such that
t he Ifﬁlkgw?gﬁgﬁj %@PCEW‘%?’U‘%B@‘?% ]E)lg”faﬁ'é’ﬁggcfoj)?ng?i TGP, i maged on
the | Lihegapiifi The B Ssemo6felcctnendet didreiisl fopie P8y tthe!l @e@Rid CS, a

guadrupole field has a &r el y conver gi n%eeffect on a beam of charged

pddt i kenses, haviag faj rosatiopkln syrmmatrisahieny fiekle volpeh cegethericonsiitutecmtei¢scopias a

purelgl %i verging effect in a plane which extends perpendicularly thereto
and cOitBtns the optical axis. Wien two successive quadrupol es are rotated
90 relative to onelamgd bsfidxt lofehe preveatt Ghvichrioh faeetesedpit Bsiémristo gadr upol e
will be directed perpendicularly to the 30 converging effect of the next
quadr ¥sisreoodHevrmeeat p systemesf Ipases FicChaConyeHs iapringiflentraraiod ealbolnto & he

passae T B B SR AT ShhEt PR UG SPh Ry it 65 Hhpdc
ne@t cuadonpplieal\anis, dherpdae foaus d onelaiseitinghcaingidenthwits aine frengfozus of aigler t o

keep its converging effect perpendicular to that of the first qkuadrupol e.
Becau%‘BersltePb r%'?i%llpﬂdéh%aw ReqLr QjL?aEﬁl%ﬁ@P'é@ $18Mp HESAUSE @ COMMRATALVEl Y, karge
07/ 034 ' j £ of 4 l.e A

convar oy eapte PRI AIE (bing X aocOR the B of AR SFY FaminletBe, oot
of t hemplasknmagay emnt the hithdyeaphés andghesuafdcdalherdgess dhehe stracwine chould in

guadr upol i el ds have convergi ng effects which intersect one anot her at
ri gmprﬁﬁgﬁ%g?ml% HRPAS XOCTHRTa MRIR BEFTSEET (€] IMAGIMEHATATE 8! 58S 0F i bed
aﬁ? aﬂﬂ@@‘&gétuﬁfmt irfl Grrﬂﬂp'ﬁﬁdl tb@?ré&:éreﬁﬁhﬁﬁos‘éfatttﬁé’c&Hﬁa@”ﬁdRQ.' ?ﬁisgenera' ly
w1l not be conplete equal . Because of this arrangenent "and the unequal
st r emyniigiontcie beegminiallyadatisfied onlpnthplimaginghsystieghist & elespopic alystam, so(thdte x- z

pl ane i1l deviate slightly framthat in a plane i ch extends

Per e HapET (FYrED o BT B RGNt o Berfordn e Fasdng B3 Tsanef . 1
thi s ¢sbh Qrgzﬂ@m_anon is undesirable, this inequality can be conpensated by
changing the length-towidth ratio of the |ithographic object structure to
be i maged in the sdberimgtheqrodudtion ofnntbgratesacirduits dpnmetnscefugojestion obj ect

P3P hSsrn e HoeRaiiaR FRTGIngY SR Tndnifiad B RIS Sl i B ebRe, <O
Japangsm Wadrehy tl%oﬁiﬂogﬁlaghﬁ7_b?ec2§§9&§ﬁc Uk irsd)ed & uNmdsk RPbOdmbgdd md on

16.11.93, publication 7-142318)) it is known per se to counteract the
Coul dhtcasetadrl&cmiaonfacireiris éiradiatednA dminis impesediasgegarte the eyrsendrin the

the. AalfoR i eRaatechs Mo TRR By B PR ol il G B Be 0B

enl arigrethcle@McEH NHS af RGbgH sprebl eofithi gleBfosy il BEhekmomd disoridhef et ed
docunent, however, are intended to forma spot shape for a sequential ?0

i magi ng application (so the scanning exposure of the |ithographic imging
surface). According to the nethod described in the cited docunent the
desired spot shape is obtained by imaging a beamliniting gap onto a second

o o -, a . o



5 order to maintain the telescopic nature of the systemthus fornmed. In a
preferred enbodi nent of the |ithography device according to the ing@g&&&ﬁ,
t he various paranmeters of the imaging panicle-optical system have e

val ues stated in Caim2. Sinulation of the beampath in this enbodi nent
reveals that for the 5 interval defined for the parameter a(i. e. 0.01 < (
a~<0.1)inthis enbodinent the ratio of the magnification in the x-z

pl ane Ik¥arh OBbiMadffacts Aroerraater 43t Curlbnti ini the ieldctrag GRRAR | 18ige Wt @@sd hi s
interval the ratio deviates too nuch fromthe value 1 for all practi cal

pur pos &magipg dafecisryhibie imaging sysiam o kBo dnagiag dsfeciymay inoh §¥¢agd yspeeified e

accordi t ' t.00 : ' e f . ' [
oot ol (Bfle) o 1a® ab WER IR is YREinAIstE S (BRERIRICE Sty if e bORY, MM nepce
the beaRbpatrbgdrds thei tircdghndiofeli inteprael Tirchas 1d be prdticedl ue defined for the

paranmeter a in said Claimthe current in the beam may be approxi mately 2.65
timSs |arger than tHdesiesaribed remision giigcisis froggess ya thenpafi Of dhn cloersah kA3al es.
This a | fpl hnc t [ s her
advant 3055 B8 shESnf B WRCHERR, B e Mok SUBHIE . A b BrcRHES, L6 Bler e

Cl ai nseledthen bearenSuahna vdokd-ovee odewrs ibiebeebni saidl evairbuddeleasasavhieh wgetier
reference to the Figures in which correspondi ng_reference nunerals denote

cor r esBUIHMY) the Elearapic sysisah dhat:1s (9 §3y 3t the ey Ph thecaipsident facal poims at then of
an i nagj ni o ' o) 168y 4 | ' ' | ect
St uct S esRAD e Rilsh iPinay SELEThACrol Brer e o Torged I R ARG el

st dile aifeat é the telesBomic sgsters, suchlicagpsarverst de noepavesantffedtan the (geomerrgilng

pani cl e- opt i system as shown in Fi 1 ich is provided w guadr upol e
Pons. FABREISIECt baoRe e aHatoip theytradlasiek by B ke bears S do it at | o

of the I - k [t b P of
the. QuaREh b [E, AR caly Dl Bl Rlecd ah pljeceUNTNRDETIME obR6: RLIARGFER e

r epr esemagat(ihenlithbgmphioumdging serfafe) t he particle optical system of Fig. 2

whi ch sh 't tive. t.of th upole. Fig 1is,
di agr amat i ¢ 1 epr st AN OGCLR G IR UTBIOBoREKeHAY gy Q5 Peret dpiical

SygbentQfon begh NGs Severd, RRAMARAIY RcRRbEHe SFEPI Surdil thel proBRGTARIT C
i magi ng 30 surface. In this Figure an electron beamis produced by an

el ect rioregsased ccwiis. The el ectron beamtravel s through the | ens system al ong

tical axis 4. The,. ) . ists. of two. d (j.e.
ot ati onal 1y symmet Apaus i el JeRMaRS Rsv AR E diebuo P HIEHON 1% ne
opt i cadhapectedizell ih lfigar IS pAiTtle Dpacaltshoreahinchides FirgUuad AfpRVS meBfsgrd eudrd

| enses in the formof gap |enses, they may al so be constructed as inmmersion
| ensesql@ﬁﬂwgl%meﬂré‘dWWAg areeprsanged @ proyce @ofirss and a second quadrupole field,

20 respectively, the converging effects of said quadrupole fields on the beam intersecting one
another at substantially right angles, said first and second quadrupole fields being
substantially coincident with the first and the second rotationally symmetrical lens field,
respectively, the strength of the quadrupole fields being such that the lithographic object
structure 1o be imaged is stigmatically imaged on the lithographic imaging surface.

25 As is known from particle optics, a quadrupole field has a purely
converging effect on a beam of charged particles in a first plane containing the optical axis
whereas it has a purely diverging effect in a plane which extends perpendicularly thereto and
contains the optical axis. When two successive quadrupoles are rotated 90° relative to one
another, the converging effect of the first quadrupole will be directed perpendicularly to the

30 converging effect of the next quadrupole. However, it may be that a rotation of the beam
about the optical axis takes place between the two quadrupoles (as it occurs upon passage
through a rotationally symmetrical magnetic field), so that the next quadrupole would hav_e to
be rotated through the same angle in order to keep its converging effect perpendicular to that

of the first quadrupole. Because stigmatic imaging by two quadrupoles is possible only if the



(Variable Axis Lenses). The optical axis in a VAL lens may be shifted
slightly parallel to itself by arranging one or two dipoles in the%@%ﬁ
these dipoles realize a field distribution perpendicularly to the %6 I 69I3
axis. Both lenses 10 and 12 inmage a |ithographic object structure 14 to be
i mged, for exanple a lithographic mask, on a lithographic inmging 5
surface 16, for exanple a wafer on which integrated circuits are to be

f or netivergingtefifece p$ bamguhdmpolet ibeofupeatatdcebytite donverfgingdefféctns tHdomeual s 160
mm |ike the distance dl fromthe rrastk 14 to the lens 10. The focal length
f= ofavesippleand YigRUersa) b BmfonteReDlt the PHSERIARKENTIOR the GRscrived SERAIORIS t o

t he f: : ok d:agli : s unbers
that R alsfubBlcChelalp QO chEE oG8 nttih, FRASE Do oo o
160 :angles= 4 : 1. 10 When the ratio of the dianmeter of the bore to the gap

bore to gap ratio) of the two |lenses .is chosen.to be equal and the

Ll Cat Ponah 3 boln Pisiee 48 obtain, g hEnHHE I Aeitt i GeCilbrh ATTRacmeset o

har dl i i i rface of
e e 8010 hERAEnLdt B Ul lqualiipdIEs fenkdalh O P nb OB ARl el 0 e

f or mBecamse of ohis|arssngpment drel theaarequé! sirengdhs htheSnagnifiggpionxn rone glanel nmm at
the area of the, beam cross-section, 20, .thaj . 0 S at the area of the
naskﬂy@!lghrmesonfrcgﬁﬁé!sa(rfseoxfg 8 S viee shgheh s fﬁét m%aﬁnagw whi ch
has i f i ek Qe ints of the
I ensg’s{gkﬁ%@&ig;ﬂ%ﬁgrﬁi fgﬂﬁg& géd;?ggﬁggfk&e%}mggl %ﬁ%ﬂfl %g:?b 1“%%? L P of the lens
10 aplendmeendndsemdesiobld, bisdnepialigyoa® Be compémsatet diyl changingahe idngthaogl e of
aperture 26 of. the el ectron beamequals .1 nrad, .?Q Fig. 1 shqus t beam
ot e 7aiin BF he G BoIFT SHe] tehes it DAY HHSo RIS Mes) - and
that rofdily i@nk FHREMNRE RERBHRL: Sipiaufesidde AR tebibR@Edy nied8d of QQHH[?utteHeso

irradiating beam and the 1magi ng beam are’not Separate beans but form pan
of t Mt Bearhwaiged rativroan deesimphyt takgn fimoraccduntsource 2, a distinction is nmade

bet ween the two i i nary be 28 and 30 so as to.el uci e di.f.ferent
functions (irradi ;5? iq%f‘f’ é%&"ieﬁggii%%?‘.n J%ﬁgnﬁsgygtegLaqﬂl1c hen g%ltﬁgaégtﬂ“gbs%gam 28
arse bRO2AHY5 (el 6.2l 930 pubBRcARRKNG 47M4a3 18)€it GO RAGVE Per §¢ & Edlinforac®. The
paral l el rays are focused, via the lens 10) in the common focal plane of

t hi s thecheulomb inkpsadtionsinian elggtren begm draversing & lamp sy empypdiswirlieg a gtpss-n from
the lens 12 _so o trav L0t i { he | | rf.a 16. Via
the 8oHdanBerGE kR ki lBoL ML e bR Bl ¥ L BRSENP RSt o
t he taftmldtbédinatmoturpdaaingeln ¢rlarged befansogwentn , THehitnaddng®stenks i S
imaEed in _infinity bg the Iens 10) i.e. the rays emanating froma given

poi nkn¥n fiee Hieskitehdequmat.chaWeYAlt A isaded tp 2 SERtahpRs fsespqueniiel | ens

e n BRI af Ry (6 b scaitlh Aol o P68 Mfhoptibh et e el "D o 26
i s tAdgsortiimgaedhemethbe® destripetd gn 3be taAedk dddumdie tiwedssiret 8pdvghape setsainéd and

12) together constituting the telescopic  07/03/2003 7 system .a
cr osBY §Paging § heam}-HiHHpg §RP PRI 2 5eRondfbeamalinying S2peamd oA iRt s of t he

t wo g t i : j tit QL ween
the TSAREY ipg s Skn 03 G e gl B e B e B T he
aper maner off profeetioauittography hndy therefordi, aihcisegindd2zdmehi dbeshras offedaayrbines  of
]730 um Tg,e di nrensi on of the diaphra m&g is determ ned by the 5 required
gl & 1o WAGE SIRSETSTORHERS S 1y THULA (0 FSLFSOpiG Matlsy VSR AT EPPES &Y | <

I MpogRAdlY ptdjecdsd mt irﬁﬂh‘?.i magi ng defects, so by the desired resolution of
the 1mage. Fi'g. 2 |sh%§ lagrammmatic representation of a nodification of the
i magi ng syst efihsHowention iFibgsedlon Tie secapuitibn oftheofact that,i when quadntpotes syt em

f Fig. 1.1 tended with t d i f i, t ith.th
v eitiedntoe FHES ORI 2amtn oF i BerbiEs BRI PR SRR G ah R iBhees 10 and
12, riadlcd, I't"aneée;(/ ﬁf;e%ecﬁ'@@tonif'ﬁ the rfﬁﬁgéd%{iﬁfepo?é"ﬁ suBftEntdly"@in A Raihi thy

i ncreased slightl the strength ens 12 has decreased slightly

i3 ofiest fenamed tthe sexpmdt quadoypole & subgiaptigliyheoircidens|veitke Jhe sehendelens.i The he pl ane
t hrough the tic axi s .perpendi cul ar,.thereto the strength,of the |ens 10
s navanef Bt uB e BRORRIRYShe P UtREL i fich Armaite R f imid s

incrg cSifl @BtdrigindiNAsthie: BHIREEN BR) R%atnglIP FmMeRida 1dnses Bhowe. in Fig. 2,

but 15 their presence is indicated by a larger or snaller curvature of the
t wo Ineintassed] thenxcitaRioniafdhe ae¢ang nomad ilensr(being dherlets giseated seatesittp byt h)

por pEBFL B o Wi biBuBL S TREG R of AEaR o HHRRE RS US| ¥

cross-over 18 in Fig. 1. Accordingly) the originally round di aphragm 24 of
Fig. 1 is replaced in Fig. 2 by two nutually perpendi cul ar gaps whi ch have
the same direction as the 20 associated focal lines, i.e, the gap 32 for




T~ M(1) CM25 in which Mis the angular magnification of the system and
C=0. In the present systemM= -4, In the nodified system of Fig0 ﬁ;ﬂg3
can no | onger be exactly equal to zero but) since C remains small) ? é

i mage quality on the imaging surface 16 is not noticeably influenced
thereby. The angul ar magnifications insthe x-z plane and the y-z plane 30
t hus becone slightly unequal, but this inequality can be conpensated by

changiopdert tbemaintiin the/ f2copic named bf tHe-s@ihthugtfom@f. the |ithographic
obj ect structure to be imaged in the sane ratio. In order to determ ne the

paranet ers hol di ng ¥o# preferred smbadismese! the ¥shggraphy devica gceprdingiéo thel | owi hg
quant i;{ i r ] ; f -] a t ns 10 and
tho. | dbieitioR e hiolF Paramerdi3'br h Bhfhe PaisBEAbnd Rl Fltbin By 45 9712”1 En
10; distatedi inhClatth Y. Bigwldtionroft che begn pailPin thid érabodiB@nNEveals tiae orlthe g~ and
g= are the focal ngt hs of the, quadrupol e coi nci di ngiwith the lens 10 and
0 1

| e . . . .

f 5t héntgryabdefiradctos sheparameternali-- 0408 Fedd hos 0-d) jrethis cmbodimantthe gatia ned
are t | st Ihgh t . AL LEdcat i in
he x0F i BEhircatodln RC Ybile 004 BB POy iR OEALNIREBbEDES bR
and t tss dntevvial the @¥o (deeiatdshioo anypshefsmathe Yrduef bfort eprawel pYrposest he x-z
pl ane and the quantity CY for the imaging in the ,%/-z pl ane. In the S}/stem
shown in Fig. 2, irMhferer prefeged eA0H T Of gk Hihography dyies agcgrding fymat i c
i magi ; : A S aZ < y as
ot O (o eftior U LARS! BfainBick: Bt e Ak E RpL AT SR 108 skl
i MAgestatednig Glejph 3i. Simeladsoafithe bearmpath imthls asbghmentdeeealStiaj &rtthd valudbese

T A ko e § BT o e A,
) 58 Y b b i T g el
dz ql ap incretise df the throughpat &9 the gamd factordl (dl +dZ+ql) Y d2 gl (2) (3) (4)

(5) (6)

15 other Claims. !

07703/ 20%nher advantageous embodiments of the invention are disclosed in the

The invention will be described in detail hereinafter with reference to the
Figures in which corresponding reference numerals denote corresponding elements. Therein:

Fig. 1 is a diagrammatic representation of an imaging particle-optical
system for the imaging of a lithographic object structure on a lithographic imaging surface

20 according to the present state of the art;

Fig. 2 is a diagrammatic representation of an imaging particle-optical
system as shown in Fig. 1 which is provided with quadrupole means according to the
invention;

Fig. 3 is a diagrammatic representation of the particle-optical system of

25 Fig. 2 which shows the arrangement of the quadrupoles in the round lenses;

Fig. 4 is a diagrammatic representation of a round lens of the particle-
optical system of Fig. 2 which shows an alternative arrangement of the quadrupole.

Fig. 1 is a diagrammatic representation of a state of the art imaging
particle-optical system for imaging a lithographic object structure on a lithographic imaging

30 surface. In this Figure an electron beam is produced by an electron source 2. The electron
beam travels through the lens system along an optical axis 4. The system shown also consists
of two round (i.e. rotationally symmetrical) lenses 8 and 10 whose axes coincide with the _
optical axis of the system. Even though this Figure shows these round lenses in the form of

gap lenses, they may also be constructed as immersion lenses or so-called VAL lenses
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Wien d, = 160 nm d~ = 40 nmmand ¢, = 1600 mm are chosen, the val ygg:2fos he
various paraneters will be as stated in the followng Table I: '

07i 03i 2003 10 Table I 5 QuantityVal ue@ vend, 160 mmd, 40 mmf, 160 mq, 1600
mrResul tfz40.13 my, 1575 mmik- 3. 5Cx0. ®022 nrri' MY-4.5CY-0.0024 nrri' |t
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of integrated circuits can also increase by a simlar factor.
the stated values of the focal length f, of the lens 10 and the diameter of the diaphragm 24 it

also follows that the angle of aperture 26 of the electron beam equals 1 mrad.

20 Fig. 1 shows two beam paths: the beam path of the irradiating beam 28
(shown in solid lines) and that of the imaging beam 30 (shown in dashed lines). Even though
the irradiating beam and the imaging beam are not separate beams but form part of the beam
of electrons emanating from the source 2, a distinction is made between the two imaginary

beams 28 and 30 so as to elucidate the different functions (irradiation and imaging). The rays

I~
wn

of the irradiating beam 28 are incident in parallel on the mask 14 via the condensor system
6, 8. The parallel rays are focused, via the lens 10, in the common focal plane of this lens
and the lens 12, after which they emanate in parallel again from the lens 12 so as to travel in
the direction of the imaging surface 16. Via the condensor system 6, 8, the rays of the
imaging beam 30 are incident on the mask 14 in a non-parallel manner. Consequently, the
30 mask 14 is imaged in infinity by the lens 10, i.e. the rays emanating from a given point of
the mask 14 emanate from the lens 10 as a parallel beam. The lens 12 focuses this parallel
beam on the imaging surface 16 which coincides with the rear focus of the lens 12. The
mask 14 irradiated by the beam 28 is thus imaged on the imaging surface 16.

Between the two lenses 10 and 12, together constituting the telescopic



Fig. 3 shows the panicle-optical systemof Fig. 2 so as to illustrate the
arrangenent of the quadrupoles in the round | enses. The first rOUﬂ@ygﬁﬂm310
consists of an iron circuit 10-2 for concentrating the magnetic fi el
generated by the coil 10-4 in the 15 vinicity of the optical axis. Wthin
this round Iens there are also arrangéd the quadrupol e means, in this

Fi gure being diagrammatically represented by a coil 10-6. The second round
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respecti vely,

The original projection system of Fig. 1 is telescopic, i.e. the transfer

matrix T of this system has the following form:

1

25 in which M is the angular magnification of the system and
C = 0. In the present system M = -4,
In the modified system of Fig. 2, C can no longer be exactly equal to
zero but, since C remains small, the image quality on the imaging surface 16 is not
noticeably influenced thereby. The angular magnifications in the x-z plane and the y-z plane

30 thus become slightly unequal, but this inequality can be compensated by changing the



the converging effects of said quadrupole fields on the beamintersecting
one another at substantially right angles, 15 said first and secongh/3/2003
guadrupol e fields being substantially coincident with the first and the
second rotationally symetrical lens field, respectively, the strength of
t he quadrupol e fields being such that g he |ithographic object structure to
be imaged is stigmatically imged on the |ithographic inmging surface: 20
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0258 safiesfing Sihvifes aek RRBRTTH S0 A LB oY Totertf b Bedere A& BRa 17 -
the fpgah2| Regchval; a?es,_ SR ChstandeCot hamhask! Bt 1oehe -less 100 d,ii6 BROdisRive device
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lens. 4. A lithography device as clainmed in any one of the preceding

d ai ez planevaind dhe apgulal megnificatiomin oA dlanes despsetielyreandsthe guantityé,

mut ual | erpendi ar focal l.ines.,(36, nd i n_whi.cht aps. (.32, 34)
e prt B OPRRTRE N foraRE Tpasipl T izl 395 i ol c, 1R 3R BRafite i, o0
who c hthg gpsplamy, gnaths ufm&mmﬂoaﬂnl ¥ EigN3} aniwheenf, W= i, His Qﬂ@sfenta?ﬁinL eodith Bffof he
gap, the | ongitudinal directions of the gaps being nutual 'y perpendicular.
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surface ( 16) form ng pan of the integrated electronic circuit by neans of
a bedR oF dsHXeGEN A i%k] es) which image is realized by neans of a
substantially tel escopi particl'e-optical system which includes ~a first and
a second rotationally symetri ga{ql end.H. el d2¢c acterized in that the

i fgi ng beam i s subjected £p=t 9‘21 dotel h%?r) t and a second quadfupol e
field) respectively) the conver ﬁln+g3gi¢i:e6tzsd20T 9sai d quadrupol e fields on
the beamintersecting one another at substantially right angles, said first
and second quadrupol e fields being substantially coincident with the first
and the second rotationally symretrical lens field, respectively) the
strength of the quadrupole fields being adjusted so that the |ithographic
obje@Pdstructure t be imuged is stigmatically inmged on the lithographic

i mging surface. 7. A nethod as clained i.n claim®6, in which such a

strength is inparted to the rotagfonahly, syinegfical lens fields and the
quadrupol e fields that q, =% 3= = =—25a/16)}f, and fz = (3)
{(16-25a2) 1(64-120az)}f,) where q, = the focal length of the first

gquadrupol e field, f, = the focal length of the first rotationally
symmetrical lens field, a = a paraneter_whose absol ute value |ies between
0. 01 FaR&hese sattipgs it holds fosche quamiigien M. GndMgardfhg thttadr upol e fiel d, and
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_d,(d, +d, - q)

20 M, 4
'« aa, 4)
c, = (d, +d,) (df + d, (d; -q,) + d,qy) (5)
x d,d,q, (d; +d, - q;)
M= - d, (d, +d, +q,) 6)

y d,a,



15 f2 = the focal length of the second rotationally symetrical lens field.
8. Anmethod as clained in aim7, in which the distances between01/0%2003
elements to be ~ inmaged and the inmaging el enents are such that s = 1.25f,)
d =f,) dZz =1,/4, q, = 10f1 and a = 0.1) where s = the distance between
the center of the first rotationally Symetrical lens field and the center
of the second rotationally symetrical lens field) d, = the distance

bet ween the |ithographi-c object rugture and the center of the first
rotational ly symetrical =I_er{§c1f"i‘zzlt)cf 190y héh it Qn{])n bet ween the (7) .

| i t hographic i magi ng su¥face and dida;éa: erd;of@dhe second rotational Iy’
symmetrical lens field. 9. A nethod as clainmed in any one of Clains 6-8, in
which the first and the second quadrupole nmeans formtwo nutually

per pendi cul ar focal lines (36, 38) and in which two gaps (32, 34) are

provi ded between the two rotationally symetrical lens fields at the t area
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It follows from the above Table I that the focal length f, of the lens 12 must be
10 approximately 0.3% larger. It also appears that the magnifications in the x-z plane and in the
y-z plane deviate 12.5% from the nominal value M = 4.

Even though Fig. 2 shows the beam 28 behind the condensor lens 8 (so in
the region of the mask 14 and the lenses 10 and 12) as a parallel beam, due to the desired
angle of aperture this beam in reality exhibits the angular spread associated with the relevant

15 angle of aperture, said spread amounting to 1 mrad in a practical situation. For the cross-
over 18 this results in a dimension of 160 um, which is also the transverse dimension of each
of the gaps 32 and 34. The main function of these two gaps is the interception of electrons
which have been scattered in the optical path over these gaps, so that they would actually
miss the actual crossover and reduce the resolution because of their imaging defects.

20 It will be evident that, due to the occurrence of the focal lines 36 and 38,
the smallest cross-section of the electron beam will be situated approximately halfway —

between the two focal lines. The enlargement of the beam cross-section due to the
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in which d is the diameter of approximately 1 mm of the beam in the vicinity of the mask
5 14. Using the values stated in the Table, it follows that D = 100 um. Because the angular
spread of the beam already causes a dimension of the focal lines of approximately 160 pm,
the total diameter of the beam between the two focal lines 36 and 38 becomes equal to 260
wm. Because the original crossover 18 in Fig. 1 amounted to 160 um, the surface area of the
cross-section 6f the beam has thus increased by a factor of (260/160f = 2.65. The
10 permissible current in the beam, therefore, can increase by the same factor, so that the
throughput during the production of integrated circuits can also increase by a similar factor.
Fig. 3 shows the particle-optical system of Fig. 2 so as to illustrate the
arrangement of the quadrupoles in the round lenses. The first round lens 10 consists of an
iron circuit 10-2 for concentrating the magnetic field generated by the coil 10-4 in the
15 vinicity of the optical axis. Within this round lens there are also arranged the quadrupole
means, in this Figure being diagrammatically represented by a coil 10-6. The second round
lens 12 has the same structure as the first round lens 10 and consists of an iron circuit 12-2.
The quadrupole means, again diagrammatically represented by a coil 12-6, are alsé arranged
within this round lens. The quadrupole means 10-6 and 12-6 may each have a known shape.
20 They may be constructed so as to include four physical poles for generating the desired
quadrupole field, but may also be constructed in the form of multipoles, for example eight-
poles, ten-poles or twelve-poles which, using a suitably chosen excitation, can generate the
desired quadrupole fields as well as higher-order fields for the correction of imperfections in
the quadrupole fields. When the quadrupole fields are generated by physical ten-poles or
25 twelve-poles, it is possible to shift the optical axis of said element parallel to itself. In that
case the quadrupole can be advantageously used in combination with the VAL lens mentioned
with reference to Fig. 1. It is thus possible to shift the optical axis of the quadrupole simply
with that of the VAL lens.
Fig. 4 shows an alternative in respect of the arrangement of the
30 quadrupole in the round lens. The quadrupole in this embodiment is split into two equal parts
10-8 and 10-10 in the direction of the optical axis. These two parts can be identically excited

in such a2 manner that the overall quadrupole strength of the two parts together equals that of
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1. A lithography device for carrying out projection lithography by means of
a beam of charged particles,

which device includes an imaging particle-optical system for imaging a
lithographic object s@cmre (14) on a lithographic imaging surface (16) by means of said

5 beam,

said particle-optical system including 2 substantially telescopic system with
a first and a second round particle lens (10, 12) which are arranged to produce a first and a
second rotationally symmetrical dens field, respectively,

characterized in that
10 the particle-opticai system includes first quadrupole means (10-6) and
second quadrupole means (12-6) which are arranged to produce a first and a second
quadrupole field, respectively,
the converging effects of said quadrupole fields on the beam intersecting
one another at substantially right angles,
15 said first and second quadrupole fields being substantially coincident with
the first and the second rotationally symmetrical lens field, respectively,
the strength of the quadrupole fields being such that the lithographic

object structure to be imaged is stigmatically imaged on the lithographic imaging surface.

20 2. A lithography device as claimed in Claim 1, in which q, = f|/a, q, =
{(1/a)-(252/16)}f, and f, = {(16-25a%)/(64-120a%)}f,, where
q, = the focal length of the first quadrupole means,
f, = the focal length of the first round particle lens,
a = a parameter whose absolute value lies between 0.01 and 0.5,
25 q, = the focal length of the second quadrupole means, and

f, = the focal length of the second round particle lens.

3. A lithography device as claimed in Claim 2, in which s = 1.25f;, d, =
f,, d, = fi/4, q, = 10f, and a = 0.1, where
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gap, the longitudinal directions of the gaps being mutually perpendicular.

5. A lithography device as claimed in Claim 4, in which the width of each o
the gaps lies between 100 and 200 pm. ‘

6. A method of manufacturing an integrated electronic circuit in which a
projection lithographic image of a Iiithographic object structure (14) is formed on a
lithographic imaging surface (16) forming part of the integrated electronic circuit by means
of a beam of charged particles, which image is realized by means of a substantially telescopi
particle-optical system which includes a first and a second rotationally symmetrical lens field
characterized in that

the imaging beam is subjected to the effects of a first and a second quadrupole field,
respectively, the converging effects of said quadrupole fields on the beam intersecting one
another at substantially right angles,

said first and second quadrupole fields being substantially coincident with the first and the
second }otationally symmetrical lens field, respectively,

the strength of the quadrupole fields being adjusted so that the lithographic object structure t

be imaged is stigmatically imaged on the lithographic imaging surface.

7. A method as claimed in claim 6, in which such a strength is imparted to the
rotationally symmetrical lens fields and the quadrupole fields that q, = fi/a, q, =
{(1/2)-(25a/16)}f, and f, = {(16-25a%)/(64-120a%)}f,, where

q, = the focal length of the first quadrupole field,

f, = the focal length of the first rotationally symmetrical lens field,

a = a parameter whose absolute value lies between 0.01 and 0.5,

q, = the focal iength of the second quadrupole field, and
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to be imaged and the imaging elements are such that
s = 1.25f,, d, = f, d, = /4, q; = 10f; and a = 0.1, where
s = the distance berween the center of the first rotationally symmetrical lens field and the
center of the second rotationally symmetrical lens field,
d, = the distance between the lithographic object structure and the center of the first
rotationally symmetrical lens field,
d, = the distance between the lithographic imaging surface and the center of the second

rotationally symmetrical lens field.

9. A method as claimed in any one of Claims 6-8, in which the first and the
second quadrupole means form Iwo mutually perpendicular focal lines (36, 38) and in which
two gaps (32, 34) are provided between the two rotationally symmetrical lens fields at the
area of said focal lines, which gaps h;.ve a substantially constant gap width over the length of

the gap, the longitudinal directions of the gaps being mutually perpendicular.

10. A method as claimed in Claim 9, in which the width of each of the gaps lies

between 100 and 200 pm.



