;N e3eY\ YYH6~T>B rcooo02 29 May 2002 Particl e-optical Apparatus and Process
for the Particle-optical Producti.on of Mcrostructures For the

particl.e- optrcal ' of m crostructures, for exanple, for

sem conduct or m @Eﬂmﬂ it is known to construct a mask which is to be
'rrg']ged on a re either as a sel f-supporting mad3® Mayw2003 hjn
menbrane Wi th stromgpy2*'scattering thicker structures. Wth self supporting
masks, however, no hollow structures are possible, i.e., ~ ~ structures
whi ch have no connection to the nmask edge. Since how ever the projection of
such hol I ow structures is often required in sem conductor Iithography, the
range of appPacticlenpiicad éhppanpipos andd racsks fos the Rartticleioptieal
Furthernore, particle absqrptjon . in the mask structure Ieads to
differential heating of tHe erOrﬁ;é(!sQQOIéé?ir rosétimeturgsi n a mask def or mati on.
These di sadvantages do not arise with transparent masks, in which a
strongly scattering structure is applied to a weakly scatteri ng nenbr ane.

Cont rast geRor AT EorRridReP el RFOIHERHRASE BlicfodtFlitys ¥, 1P eaRhale TP
Lakes pbAgentlkoRRRRoPTitABRABY TPk AP CHRL G hosll ophilavstd eam

of the mask, and which either"pérmts the transmssion only of particles

whi ch émeirgagédon bhedwmsd stale, bithee aScaitsélefrsu;gftuaf@h g rhaBksosapat thini al |y
corresponds to dark field contrast) or permts the transm ssion only of

part i clreenvipriagte erith gerangly merlsgahuéfelr@'rangmsr rWhthiselfrask (this
substantially, corre ds to a bri field cont rast). however, both
st rongSyt %Fﬂ@%&‘%&k’ﬁ? 39611(? ‘P%@P’P@ W?saléﬁ Raysl ka?ohﬁee | ar ge

S R R AT P i
ment i oGidbiection of such hollow structures is often required in semiconductor
lithography, the range of application of self-supporting masks is greatly
limited. Furthermore, particle absorption in the mask structure leads to
differential heating of the mask, easily resulting in a mask deformation.
These disadvantages do not arise with transparent masks, in which a
strongly scattering structure is applied to a weakly scattering membrane.
However, there is instead the disadvantage of a very low contrast, since
contrast generation, as is known from U.S. Patent 5,079,112, for example,

\ takes place by means of an aperture diaphragm which is located
downstream of the mask, and which either permits the transmission only
of particles which emerge from the mask at a large scattering angle (this
substantially corresponds to dark field contrast), or permits the
transmission only of particles which emerge at a small scattering angle
from the mask (this substantially corresponds to a bright field contrast).
Since, however, both strongly scattering and weakly scattering regions
always produce large ranges of scattering angles, which differ only in their
statistical distribution, there results the weak contrast which has already

been mentioned.
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29 May 2002 -2 The present invention therefore has as its object to provide
a particleoptical apparatus and a particle-optical process, with which

m crostructures applied to a thin nmenbrane can be inmaged with high
contrast. This object is attained with a particle-optical apparatus with
the freatures of claim1 and by a process with the feature®May 2002 1.
Advant ageous enbodi nents of the invention are given by the features of v J
t he dependent clains. The particle-optical apparatus according to the

i nvention has an imaging energy filter arranged after a mask which carries
the mcrostructure. Inelastically scattered particles of a predeterm ned
energy window are filtered out by mean2-of the energy filter. The inmaging
of the mask on a reduced scale in the imge plane or projection plane then
takes place Te pRasEnOhtioRThBgefOretess a@&&fbvg%ce%gfmﬁidéwg%ﬁem of
the energy filter. The invention i1s accordingly based on the idea of using
for thepdcerappamntols aedarpstticeseptical peoceds, vhithpwitichl es according to
their energy or according to their energy differences, after interaction
with t meiceskrugtiugas appliedto artdysanesinhrane kendre imagesk with high particl es
IS stroqg%¥ el enment-specific, a high imging contrast can be produced by
the usé& @Y ferent materials for the nenbrane on the one hand and the

e ane. and 15 wieCF S gk 4 Pafti bR AR EE R o°
ener 9y feRRSrSELEAP] AMPLORS BrLaLS: e thelfch i dPaPERAs 41d for the

m crostructure are sufficie rent, so t a separation of the

i nel astAdarlalmtagééus rAbodients of thedfvditionaragiiveal by thedehairs of
Jparticles, 29 May 202 -3 according to energy, 1s possible at the output

of the theedependenéclaidswever, it is preferable, in connection with the
appar atus accordin iﬂg the invention and the process according to the
i nvention, ik¥he parfgie-opticah appatasys areonding e thetnvendinn hesanft a

t. foil which t th ticl lastical |y, with
i 01 os LFUSBUIECRRIBY [0kch ppueebatict Aok WhickTertiesdlies, * e

i nel ast.i G er i ref er i it ut put
7l RSl AR BRI €50 AL Fe R RHEANL Ky B b A el o 0P
cont ri biRdbev hie filmeid\euPbyti@amasks t1id BA6r Qﬂ@eﬂ)ametimagﬁ@gqbﬁhe _
spectral distribution. The ifmmagi ng of the mask plane in the Trnage plane is

t o t akemplskaen auaduded stdle inthgeirnbgehslamneshr pmo{émio'm?@anpltheﬂ takest nost
half as |arge as the nmask (scale or reduction smaller than 0.5). The energy
filter Rleceiky pnedns gblan invaging systaradwidch is aranged dowgistkgaaneefythe
filter, which_.imges a first plane on the input side (the input inage

pl ane) SREH&MHLTCally into a first plane on the output side (output inage

| g st . . ut st o o
bl ane’ on’ 1 het Boapae SRR R RptiBel TBEsaH olf ek 3B/ Puing RUPUR: FETOTC e
arr angggeﬁ@rdﬂ@n fdfrﬁn@éﬁ%s@?afmoh%éggﬁbid% é&oﬁ’ﬁiﬁgﬁ@%e@f/ an

i magi ng-stage, which follows the nmask, into this first plane on the input

si de of ehémzyf bh'ta@tordin% epaheir el défferevides) afeareintesadtien waitdy the be
structured, is preferably arranged i'n or behind the inage plane of the

appar at omskiwihichriegartx imaghdl diindestheoehergioless of tye particlésis wo

nmut ual | y perpendi cul ar di r_éct i ons, which are perpendi ‘gul a& O#E opti cal

axis of SERBEMMElementoiRecitic, a pghdmaging kenteast carpbe REct s Ry

i O e SR AR s 8 TRY B PLA td ohhdR Yild e
microstructure on the other hand. There is then no problem if both the
membrane and the microstructure scatter inelastically, as long as the
energy loss spectra of the materials used for the membrane and for the
microstructure are sufficiently different, so that a separation of the

inelastically scattered particles from the inelastically scattered particles,



di rections, which are again perpendicular to the optical axis of the
particl eoptical apparatus, is to be arranged in the mask plane. By neans of
correspondi ng coupling of the novenent of the preparation holder in the
mask plane with the novenent of the preparation holder in the inmge pl ane,
different regions of the mask can be successively inmaged, 294May 20¢£ered,
on different regions of the wafer to be arranged in the inmage plane, so
that mask fields which are larger than the respectively transmtted inage
field can be imaged by successive projections. A condenser system can be
arranged between the particle source and the mask plane. Such a condenser
system nakes it possible to provide a 80llimted beam path in the mask

pl ane. Furthernore, there can be provided a first deflecting system between

t he pari/d : . , i yst em bet ween
t he msidcg:rgﬁéggéﬁ%é%ﬁgw Fltoal gﬁﬁ%a%@t@?fﬁ?%gggﬁ?ggﬁﬁsisyst em behi nd
the enegfaywévét gt is basferabld, hﬁ%ﬂﬁ%&%ﬂ%tﬁ%@%gﬁféﬁf@a@@&dﬁ to

constructed in a known nanner as a doubl e deflection system The™irst and

second tihef iracmtign syt éhe proeeshaccardihgr abtlye eneentidns df the masla whidh cl e
beam entering the first deflecting systemparallel to the optical axis is
def | ecte@drias Qi BUcrestrugiwre eonsiftoal amaippert fsibmaichner sridhea he nask

D ane | Sadeperieback SopLn Lo, the direct oo ! overd 1N eoLical, 8, A
reene s L hOSlLBCH sk AN AeSerBetsPRra A of
sk, Pl REo PerIMBGR(rRY S USBlaf SALPRSe pladdIIpLE IR A e be

successtorfribhte getheistagingi siithechinsle sin@g tidestnhhie thef ahallest
el ectron-optically, i.e.,” wthout 29 May 2002 -5 nechani cal novenent of

t he nmaskpeattdaldistrilgioni ve to each other. However, it is particularly
ion if_ the payticleoptical . deflectiaon and the

d ' hi

rechant cal nBUGHBMEREEOL bRk Plaee frethedmage plangys kedaked?lasgi t abl e
machi ne respectivaly t or re parti,cl e-.opticall oduced i mage
i spl acorantadt thE FREELOY i itk S FBUmBEF RigpR Seamesh b dSeres or
tlthrrg(s:gs el dessk I(‘SINDQ d;l%ﬂ%t%ﬁsrﬂpgjl%oﬁ%@%)ﬁ he preparation hol der i(r)1

t he i magi ng pl ane. e particles use r mask 4'magi ng in connection with

the inventi ofheahdrgyefiRet 6hoaldprcferablitse Bsastitu @ ak85-dadiety
preferred since the Conponents required for the invention are basically

known fimagingesvwirgyifilies|whicl imzgesces tiogeplane accthalimgut sidei(theer aspect
of the present invention, there is_provided particle- 2gti cal apparatus with

a mask Hypabimage pleae)wshaomalically intaadirsyiplane@n 158 AP wrsideagi ng
ilt 5,19) 4f ol i th hol d wherei n i he. k. pl [
‘maged HPTCTREE Rlefel T &P RabE BRRR T e Bapen s o R ener gy
filter.; j t j . et i i
s pr o IR SPEORd PR (RO CSBE T Spol e IBREY, T ARIEH T s,
wher ei NneRhBRYE HBBirakidddl imehasirse g)léuxe %ﬁﬁﬁﬁ@iﬁ?ﬁt Bid¢ 05t toIBleliiRaged Dy i s
used and is imged on a reduced scale on a wafer by means of an energy
filter @h;ihQgirenstagesnehictpfoliowisetheomaskpirtiethisnfirstdplarer gn thesinpaxe

selected with the energy filter (5,19). 29 May 2002 - J q y Details of
t he i nveidg @ﬁtlaeéﬂteqol ai ned hereinbelow with reference to the enbodi nent

SLam! s, SOl 1S SSSOTREDA Lt o B0 P 0N BRI 0
I nventi Qleferably arranged in or behind the image plane of the apparatus. This
preparation holder is to be movable by motor in two mutually
perpendicular directions, which are perpendicular to the optical axis of the
particle-optical apparatus. Likewise, a preparation holder which receives

the mask and is movable by motor in two mutually perpendicular



Fig. 2 shows a perspective view of a section of a mask used in connection
with the invention; and Fig. .3 shows a sketch of the principles of an
enbodi nent exanpl e of the invention with a particle-optical region
selection in the mask plane. The crossover of a particle source, for
exanpl e, an electron source, is denoted by (1) in Fig.1. /A29May2Q022)
forms a real inage of this crossover plane (1) in a crossover plane (3).
Seen in the direction of propagation of the particles, the mask plane (4)
is situated behind the 29 May 2002 -6 crossover plane (3), so that a mask
arranged in the mask plane (4) is uniformy illumnated over a w de area.
The mask plane (4) is arranged before-4n energy filter (5) in the beam
direction. This energy filter is constituted as a so-called i mgi ng energy

ol ane, “SERt Eonb RARFD AR AR petFeiculRn HRME SR A8 IS paPBER:
out put. dppEea Ahpaeat)ds fo LRAAMANRLAN B kifsk Plaftes Biemddits bRpUL

di ffraction pla di spersively iiito a second p on“t he out put side, the

sel ect iamrespording dosing \of theam@vemenypf fthet arhtion hokdediratkeknown
for electrons, for exanple fromU. S. Patent 4,740,704, U S. Patent

4, 760, 2Baskgplavesyitmthemeyensaf tiehprepasatianrheslsier incthesmage go nor e
closely jnto ails here cog&\erni ng their construction. In the sinplified

appar atRIETén SiHerenEregions ohthermastsrandq aycesssheeliedmages, eRErgyput

i mge p f i r, and t crossover, plane (3).w,th.the ingut

o 1 1 adiiteredi o iferehE et OF Phd WARRIERERRETSY il'thR dhiSes Hlibe. (5,
inmages ARSI EF}H e‘?h% i i Irlga[gml.t ane (b),
and theé(;(;rﬂ?)ssovesgll p ans(e éﬁﬁllségg?gléélg\%nitﬁ{ege%%gcgyg%%g on p gﬁe (7); the
scal e dimagadicid caiobb ihtgdddy s@&e3givd prbfedtiumy. | mage plane and for the
i magi ng of "the input diffraction plane, therefore has to be 1:1, so that as
symmet ri cal As:qmgexmﬁresyestenucan lf atrangeat betiveepahesparticlesscumraegandi | t er

is insured, whereby imagjng errors in the filter are fyrthernore prevented.
A slit theamaskopiansy hasha epndrnear pustam makesdt pessthledoprevidese

d ; t ' . I i d in the di [ I
(7. TlTeRt Poeu pte AR Cehask laRed by the slit di aphragm (7) can
th b t - iyf I ' f
the sk ¢ o er T aTEh Teid SR B PropEIcd o AR atiinB syt HehHeeny
pr OPagaﬁH@ﬁaﬂﬁéMd@x‘&:eoin& I’tﬁe%"abk%l%%e, a éHc@rﬁineﬂfécﬁ“f% te®n bdtwedrl ows
behind the slit diaphragm (7), and by neans of it the o ut i mage pl ane
(6) of theenemsde plarie hheltHebenergy fidgad aonl a thadlidefestingesystenhdehinge

plane (10). The scale of imaging of the projection systemis then about
0. 25, stha energnéiltaryi backhbftthesedbregpdeflecting systesns candagonatrusiedgy

It he &) RATVBGRARRRT # A CHBIRELSRHRR S5teny. The REt A4 Seranept i oh
o iﬁég@gﬂ%tgiﬁ'sf%és&%ﬂiseéf%ﬁi@% SRre RS R Shal B AR Beagh” 17!
T ange o A R TR g Sy R R P BUeRL hR BP0 e
i mage phamrittdBhaxisTiezioal 6n thieagRskssiane) agldbehond aheirwakkiplapecisi on

equi pment _(not_ however shown in Fig.” 1) can be used for the correspondi ng
novenendeflectek baaklagaid iof thehdingation tawerddheneptisabaxisheAnnrat-of- st age

{ oget neR X EFToONAheR ABART takies FISRe 1oRtiTS! FoR ENGrEY A thk o) TRATBHS

Vel S kA Bl i Bl rE L SRR dek bl RRb Mok BIoA L BER e
systems, different regions of the mask to be arranged in the mask plane can
be imaged on different regions of the wafer which is to be received in the
image plane behind the energy filter. In this manner, successively larger

mask regions can be imaged on the wafer electron-optically, i.e., without



et

In the enbodi nent exanple in Fig. 3, the particle source is denoted by
{11). Here also, a condenser |lens (12) produces a real imge (1lla) of the
source (11), a so-called crossover. A first deflecting system(13) is
arranged in the crossover plane. The deflecting system (13) is followed by
a second condenser |ens (14) which inages the crossover (2B.May 2002 njty.
The mas~C plane (15) is situated in the parallel beam path behind the
second condenser lens (14) in the beamdirection. The nask hol der to

recei ve the 29 May 2002 -g_ mask is arranged in the mask plane. In this
enbodi nent exanpl e al so, the mask hol der can be noved by notor in two

mut ual Iy perpendi cul ar directions, whigh are both directed perpendicularly
to the optical axis of the inmaging system in order thereby to bring

gl g sl inSketh (BE i Bnds aRERE A IS TR UBRY GHEH i cre, ana

i mages SRFK{ ' ' i h—&{gl%tﬁg ieNer gy
fil terI_%@l‘g) ) Ll'lhtggﬁg\% t%céﬁgglr}g%rﬂvfagﬁgggﬂg%ii‘l %ﬁgggn al so %f feﬁrﬁ)gg:f‘telgl%s a
so- cal bpticab ctfhation et they ensdghizal rAbYehedst aletontized begetiRingy
filter (19) concerned is an imaging energy filter, which achromatically

i magessuab thaply meeges of auitaplé machinecontynl; respectipelyntwo20) naore at t he
ane dispersively into a_se]ection

suaa : . ;
;?gﬁet bﬁg&&ﬁ%ﬁ%@% Eﬁé‘égr.'aé. irn;‘gé%? i_SEL%ﬁﬂmﬁaﬁﬁ fake place peswectdvelh t he
of 11 b8RBERO SRR AR A E R BF e d BRI R T s e BtaF ane

e 11 naR S 40e b pata 6Bk Roller i ML BB BBRREC Oy et em (25, 24),

According tThe ek aidedfef midyk ﬁﬁbgﬁggfigccﬁyﬁé&%n@vﬁﬁ tiec iheentor he

particle beam perpendicularly to the o axi s can take place in the

pl ane ocanthecelectissoy or i0hs, e usefoforlectfonishbeirgs brpfawed(sibreltheneans of
the first deflecting system (13), so that according to the excitation of
the defPEyPoRgNEsrequiredFor the myremtionarerbasicallydmowrsfromh, 15¢) in the

mask p aneééilS C%E be illunm nated. The particle beam which runs
tel ecel:ﬁaﬂsi SI%O% e ORINCTOSARESask pl ane (15) is defl ected back again
toward the opAtedtding28 fitbshetds$pecd ofithe preséheinventibrgaideaser | ens (16).

By neans of ,a second, deflecting system (1 ~ whi gg is arranged in the rear
focal plpivided pasticle-ppticahrppaitusaritha gyask helden 4@ aeceiva @masket ur n

def | ecti.on Ll gl f t:] j St @li ctly in
oppos ¢ ne aetk P40 (218 Shd AR RRiErel IR (S LB6LEA THET. Y 15,
so that magkfholdee) whedginodic nraslf plaie isdntagddohennedwddd dcalednsacond
defl ecting system&g i.s. i ndependent of the ~ deflection produced by the
first defiegs phns(lQ.enl bx&@@%ﬁﬁgltb,e eneeY filtgpagati on of the particle
beamwi thin t ﬁ-‘&gﬁ oyt rar{?&ﬂ ' ' NhvehtibAe th&ans

defl ection at'?g? ne g)réotalfégh?ras p%g!ﬁ%p@%@%%ﬁde I ect ivng system (22),

whi ch efpreniided pbecessifol | thet panticle-optital prodpctionl ofamicrostrudtares| ect i on
pl ane (21), furthermnore produces a,final beam def) ection, whi i,s coupl ed
o the. ubkreiBia Beatio ) ithdneIastioE, RoalRng FRicTosgrahares 82 62

adj acentl y. i d@% j I SOAR Rpepdy Uat ed
adj acent']1§ec|l %n%i;ig 1%@?’ %ﬁa%ﬁléé{lg%é) grog*’%’%%%'rr;cgﬁ}%sd regi oﬁsé}iﬁ n the
mask pl dfieex (55} 9 amdeliaraiyepartclesed s petdetenmined enetrgy baks are t he i mage
pl ane (25) by .neaps.of this partjcle-optical beam defl ection. However, in
or der tos‘%l?‘éi%grﬁ’{tgém#m%?@ e LS}'i el ds fromthe mask plane (15) into
the i mage plane (25), the preparation hol der, which holds the preparation
to be structured, as a rule a wafer, in the inmage plane (25), had also in
this enbodi nent exanple to be constituted as a notorized wafer stage, so
that the desired |large imge fields can be transmtted by nmeans of
correspondi ng nutually coupl ed novenent, both of the nmask to be recorded,
in the mask plane (15), and also of the wafer to be held in the inmge
plane. It is then of course appropriate to produce, between the nechani cal

novenents of the mask and of the wafer, respectively conposed | arger
partial image fields by particle-optical beam defl ection by



“which are e

29 May 202 -10 neans of correspondi ng changes of the excitations of the
defl ecting systens (13,17 and 22). The individual particle-optical
conponents are shown in a sinplified manner in the enbodi nent exanple of
Fig. 3 also. Thus it is not absolutely necessary for the deflecting systens
(13,17, 22) to be arranged in the said respective crossovidd Man@002t is
nore i nportant that the deflecting systens produce at |east virtual beam
defl ections around the crossover planes. To the extent that the crossover

pl anes are, for reasons of space, not accessible for a sinple beam

defl ection system the deflecting systens can also be constituted in a
known manner, |ike the deflecting systBg-22) behind the projection system
(23, 24), as double deflecting systens which produce only a virtual tilting

in the sai d[ﬂt&ﬂ§%&ﬁ@§ﬁoﬁ%&:§x iRBH d}}é}%tin BRowaWi s kFeferBage to

out - of -axi s through the condenser ses and/or the projection |lenses, due
to t hetliebingbbdimentrecinpledyhbben daftheciddmpasiying, Figidegcusi ng of the
| enses concerned can be necessary, as can al so a change of the stigmators
and of the adjusting and correcting elenents (not shown in the Figures), in

dependence gn the deflection effected by the deflecting systens. The
current andlgkgyl 1 ﬁb‘é‘@n@ﬁ&éﬁ’h&ﬁdis&@&ck\ o the Brmpfﬁﬁ@tg aParitplepptial

changes of the stigmators and adj ust.in agﬂ correcting elenents are stored

as data tables in theaBBﬁf?gF;egﬁﬁﬁﬁé%?Fﬁ € IMYGRHOWhe respective

/ . . . . | .
associ ated it rEoloQks Y P BBECAIRNIRRY DTN GoAAGH £ Al B JlS] | ect i ons

n of the mask us I'n connection wth the
apparatus i s schematigghh¥cabovith the nvéntibie dfegk (30) consists of a
thin menbrane (31), for exanple of silicon oxi de, on which the desired

mi crost r uct Bigs3 §R@vs a 3kebtly cfGhe prihciplesdefoaniembodiireent exasipleafur es
(32) then have a material other than that of the nepbrane (31), so_that the
particles interactingthe imventiom with erparticlesoptigal regioryselection ément
energy |l oss than that _of thqgse.particles which have been transmtted

t hrough the mask (SO)HH%P@F§%F%%%en1crostructures (32). By the use
according to the invention of an energy filtering in the inmaging of the
mask, there are obtained higher contrast and furthernore smaller color
abber at i onsTherre28B%et i P’a&ﬁc}@%ﬁf@)ﬁo@@ﬁdrﬁ e, 98R 1&dtreA k@ tseri ng
absorption. Because only a telatively narrow-energetic region of the

par t i cdenoited el ) ior Fighel .i Fagondeniser {{2) fominsi anredleimaggefitldse, the col or
aberrations in the imaging systemhave a snaller effect, At the sane tineg,
the enciqfpoyrdgalaney(lgua a sressovern plare (3h deenhin therdirecionwfh each

ot her (Boersch effect) is also reduce ince the .elastjcall attered
par't1 cPESPRERBRTLPE Thb PATLEIST oS gk BT () s st Bohind e oy
filtering. 29 May 2002 -12 PATENT CLAIMS 1. Particle-optical apparatus
with a mask holder, to receive a mask, in a mask plane (4, 15) and an

i magi ng energy filter (5,19) follow ng the mask hol der, wherein the mask

pl ane is inmaged on a reduced scale in



an i mage plane (10, 25) by nmeans of the energy filter. 2. Particle-optical
apparatus according to claiml1l, wherein the imaging energy filter (5,19)

i mges.a first plane (4,18) on the input side achromatically into a first
pl ane (6, 20) on the output side and a second plane (3, 1~ on the input
side into a second plane (7, 21) dispersively on the outpu29dVay 2002
wherein the nmask plane is arranged in, or is imged into, the first plane
(4,18) on the input side. 3. Particle-optical apparatus according to claim
1 or 2, wherein a reducing imagi ng system (8, 9; 23, 24) is arranged
downstream of the energy filter. 4. Particle-optical apparatus according to
one of clains 1-3, wherein a preparatign holder is arranged in the imge

pl ane 10; 25) and is novable by nmotor in two nutually perpendicul ar

directi ' - ' I COr i |_aj s.wherein the
sk ol GEPOrET HABIE Y Hfict TRAE RE'HT Y ERARE WS RaflaH Wl is Tt L T
per pendg Ao Mg fIRGhINARPBYel A8IRY aPERL Of the mask hol der and the
novenent of thé preparation holder are coupl ed together. 6.
Parti cl e- optThelmaghplaheg4pisarding®d before ah eHeripysfilted (Syhetherbeam
condenser system (2; 12,14) is provided between the particle source (11)
and t hedireskiopl. ahbiq eneegy fitteraradnstiudediasat sepmdled imaging enexgy o one
of clai 1-6, wherein a _ 29 y 2002 -13 first deflecting systemis
pr ovi degftﬁélt %ﬂ’é\é\ﬂﬂw&% 2 ifirst plane e the ingud S%Ci% mmﬂhﬁ‘élagfﬁ?f,g%rsecond
defl ect syste 17) iscprovided hetween {he S l,ang,_and .t he .ener gy
il ter 108Gyt o BB RRER PlapEran the St Bahend bkl Erefe
ener gy r i £hes - - : erein
che £1 RiiEanda SOk pRuPbhHls FRRRERIAS, (5 BPLP A RaCy Sl 2
parti cl &id@ﬁwelzrim@ PSRN @ ?151% Tdiﬁtl?é’bh@ﬁht 3Xd s, ApsselecyrPpinadr
out-of axi § regi oh (15a,15c) in the mask plane (15), behind the mask pl ane
(15) i sdifgidrerteplaaek Bremgydiltees opthisakinakase kamdvheforreettroresnéogy
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In the simplified apparatus shown in Fig. 1, the mask plane (4)
coincides with the input image plane of the filter, and the crossover plane
(3) with the input diffraction plane of the energy filter. Accordingly, the
energy filter (5) images the mask plane (4) achromatically into the output
image plane (6), and the crossover plane (3) dispersively into the
dispersion plane (7); the scale of imaging, both for the imaging of the input
image plane and for the imaging of the input diffraction plane, therefore
has to be 1:1, so that as symmetrical as possible a course of the particle
paths in the energy filter is insured, whereby imaging errors in the filter are
furthermore prevented. A slit diaphragm, by means of which particles are
selected which have undergone a predetermined energy loss, is arranged in
the dispersion plane (7). The energy loss which is predetermined by the
slit diaphragm (7) can then be set to the element-specific energy loss of the

microstructure of the mask to be arranged in the mask plane (4).
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deflecting systens (13,17, 20). 10. Particle-optical apparatus according to
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energy loss are selected with the enerdy filter (5, 19). 12. Process
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energy filter (5) appears to be reduced to quarter size in the image plane
. (10).

In the simplified embodiment example shown in Fig. 1, no particle-
optical selection of different regions in the mask plane (4) is possible. In
order to image larger mask regions completely in the image plane (10), a
mechanical relative movement is required here, both of the mask to be
arranged in the mask plane (4) and also of the wafer to be arranged in the
image plane (10). The wafer stage used in electron-optical inspection
equipment (not however shown in Fig. 1) can be used for the
corresponding movement of the mask and of the wafer. The movements of
the wafer stage in the mask plane (4) and in the image plane (10) are then
to be coupled together so that the ratio of the movement stroke of the mask
and the movement stroke of the wafer corresponds to the scale of imaging
between the mask plane (4) and the image plane (10).

In the embodiment example in Fig. 3, the particle source is denoted
by (11). Here also, a condenser lens (12) produces a real image (11a) of the
source (11), a so-called crossover. A first deflecting system (13) is arranged
in the crossover plane. The deflecting system (13) is followed by a second
condenser lens (14) which images the crossover (11a) at infinity. The mask
plane (15) is situated in the parallel beam path behind the second

condenser lens (14) in the beam direction. The mask holder to receive the
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In this embodiment example also, the mask holder can be moved by
motor in two mutually perpendicular directions, which are both directed
perpendicularly to the optical axis of the imaging system, in order thereby
to bring different regions of the mask to be recorded into the particle-
optical imaging beam path.

A third condenser lens (16) follows the mask plane, and images the
mask plane (15) into the input image plane (16) of the energy filter (19).
The two condenser lenses (14, 16) can also be embodied as a so-called
condenser-objective single field lens.

Here also the energy filter (19) concerned is an imaging energy filter,
which achromatically images the input image plane (18) in the output
image plane (20) and at the same time images an input diffraction plane
dispersively into a selection plane (21) on the output side. A slit
diaphragm is again provided in the selection plane (21), and a
predetermined energy loss can be set by means of it. The image of the

\ mask plane (15) present in the output image plane (20) of the energy filter
(19) is once again imaged on a reduced scale in the final image plane (25)
by a following projection system (23, 24).

According to the excitation of the deflecting system, a deflection of
the particle beam perpendicularly to the optical axis can take place in the
plane of the crossover (11a) in front of the mask plane (15) by means of the
first deflecting system (13), so that according to the excitation of the
deflecting system (13), different lateral regions (15a, 15b, 15c) in the mask
plane (15) can be illuminated. The particle beam which runs telecentrically

out-of-axis in the mask plane (15) is deflected back again toward the optical
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axis by the third condenser lens (16). By means of a second deflecting
system (17) which is arranged in the rear focal plane of the third condenser
lens (16), there takes place a return deflection or tilting of the particle beam,
which is directed exactly in opposition to the deflection produced by the
first deflection system (13), so that the further propagation of the particle
beam behind the second deflecting system (17) is independent of the

) deflection produced by the first deflecting system. Accordingly, the
propagation of the particle beam within the energy filter (19) is also
independent of the beam deflection attained in the mask plane. A third
deflecting system (22), which effects a beam deflection around the optical
axis in the selection plane (21), furthermore produces a final beam
deflection, which is coupled to the beam deflection in the mask plane such
that regions situated adjacently in the mask plane are imaged successively
on regions situated adjacently in the image plane (25). Overall, larger field
regions in the mask plane (15) can be imaged, successively energy-filtered,
in the image plane (25) by means of this particle-optical beam deflection.
However, in order to transmit even larger image fields from the mask
plane (15) into the image plane (25), the preparation holder, which holds
the preparation to be structured, as a rule a wafer, in the image plane (25),
had also in this embodiment example to be constituted as a motorized
wafer stage, so that the desired large image fields can be transmitted by
means of corresponding mutually coupled movement, both of the mask to
be recorded, in the mask plane (15), and also of the wafer to be held in the
image plane. It is then of course appropriate to produce, between the
mechanical movements of the mask and of the wafer, respectively

composed larger partial image fields by particle-optical beam deflection by



y10%&' ()-3"910%& ()- 10 10986 &N&&&&ABMN/ | 10% 10%& ()- | 10%&' () -.
f10%8& ()-4 10%& ()-3 10%& ()-! 9$10% b: b& ()- &' k' "' """ bC 11098
10%m& () - F'MLO%T& ()- 10b 10b 10bFYs! 109%& ()- y# 109%& ()- ,!

109%8& ()-4'4(*..../}oPC 11098 F":10%& ()- 10mm 10mm 10mﬂ!&$iOWmT&'é)-!
(109%&' ()-!" (109%& ()-/014V46666z[ PE: 29 May 200

-10 -

means of corresponding changes of the excitations of the deflecting
systems (13, 17 and 22).

The individual particle-optical components are shown in a simplified
manner in the embodiment example of Fig. 3 also. Thus it is not
absolutely necessary for the deflecting systems (13, 17, 22) to be arranged in
the said respective crossover planes. Itis more important that the

, deflecting systems produce at least virtual beam deflections around the
crossover planes. To the extent that the crossover planes are, for reasons of
space, not accessible for a simple beam deflection system, the deflecting
systems can also be constituted in a known manner, like the deflecting
system (22) behind the projection system (23, 24), as double deflecting
systems which produce only a virtual tilting in the said crossover planes.

To the extent that the particles pass out-of-axis through the
condenser lenses and/or the projection lenses, due to the deflections
produced by the deflecting systems, re-focusing of the lenses concerned
can be necessary, as can also a change of the stigmators and of the
adjusting and correcting elements (not shown in the Figures), in
dependence on the deflection effected by the deflecting systems. The
current and voltage changes required for this re-focusing and/or the
changes of the stigmators and adjusting and correcting elements are stored
as data tables in the control computer (not shown), the respective
associated current or voltage changes being allocated to the deflections
which are effected.

A section of the mask used in connection with the apparatus is
schematically shown in Fig. 2. The mask (30) consists of a thin membrane

(31), for example of silicon oxide, on which the desired microstructures (32)
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are deposited. The microstructures (32) then have a material other than
that of the membrane (31), so that the particles interacting with the
microstructures (32) undergo a different energy loss than that of those
particles which have been transmitted through the mask (30) outside the
microstructures (32).

By the use according to the invention of an energy filtering in the
imaging of the mask, there are obtained higher contrast and furthermore
smaller color abberations, in comparison with the known contrast
generation by scattering absorption. Because only a relatively narrow
energetic region of the particles is used for the imaging of the mask in the
image plane, the color aberrations in the imaging system have a smaller
effect. At the same time, the energy spreading due to the interaction of the
particles with each other (Boersch effect) is also reduced, since the

elastically scattered particles which are not used for imaging are eliminated

by the energy filtering.
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PATENT CLAIMS

1.  Particle-optical apparatus with a mask holder, to receive a mask, in a
mask plane (4, 15) and an imaging energy filter (5,19) following the
mask holder, wherein the mask plane is imaged on a reduced scale in
an image plane (10, 25) by means of the energy filter.

2.  Particle-optical apparatus according to claim 1, wherein the imaging
energy filter (5, 19) images a first plane (4, 18) on the input side
achromatically into a first plane (6, 20) on the output side and a
second plane (3, 17) on the input side into a second plane (7, 21)
dispersively on the output side, and wherein the mask plane is
arranged in, or is imaged into, the first plane (4, 18) on the input side.

3.  Particle-optical apparatus according to claim 1 or 2, wherein a
reducing imaging system (8, 9; 23, 24) is arranged downstream of the
energy filter.

4.  Particle-optical apparatus according to one of claims 1-3, wherein a
preparation holder is arranged in the image plane 10; 25) and is
movable by motor in two mutually perpendicular directions.

5.  Particle-optical apparatus according to claim 4, wherein the mask
holder is movable by motor in the mask plane (4; 15) in two mutually
perpendicular directions and the movement of the mask holder and
the movement of the preparation holder are coupled together.

6. Particle-optical apparatus according to one of claims 1-5, wherein a
condenser system (2; 12, 14) is provided between the particle source
(11) and the mask plane (4; 15).

7. Particle-optical apparatus according to one of claims 1-6, wherein a
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first deflecting system is provided between the particle source (11)
and the mask plane (15), a second deflecting system (17) is provided
between the mask plane and the energy filter (19), and a third
deflecting system is provided downstream of the energy filter.

8.  Particle-optical apparatus according to claim 7, wherein the first and
second deflecting systems (13, 17) are excited such that a particle
beam running parallel to the optical axis passes through an out-of-
axis region (15a, 15¢) in the mask plane (15), behind the mask plane
(15) is deflected back toward the optical axis, and behind the energy
filter is deflected again by the third deflecting system (22) to an out-
of-axis region in the image plane (25).

9.  Particle-optical apparatus according to claim 8, wherein a change
takes place in the excitation of the condenser lenses (14, 16) and/or of
further elements such as stigmators and adjusting elements or
correcting elements when there is a change of the deflection effected
by the deflecting systems (13, 17, 20).

10.  Particle-optical apparatus according to one of claims 1-9, wherein the
mask plane (15) is situated in a collimated beam path.

11.  Process for the particle-optical production of microstructures,
wherein a mask (30) with inelastically scattering microstructures (32)
is used and is imaged on a reduced scale on a wafer by means of an
energy filter (5; 19), and wherein particles of a predetermined energy
loss are selected with the energy filter (5, 19).

12.  Process according to claim 11, wherein the mask consists of a thin

support foil (31) with inelastically scattering microstructures (32).
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13.  Process according to claim 11 or 12, wherein the support foil (31)

consists of an elastically scattering material.



