20 Jul'y 2005 Process for Electron Beam Lithography, and El ectron-Opti cal
Li t hography System Two different nethods are used in el echphoy n

| it hography, nanely electron beamwiting and el ectron beam gr oj ection
lithography. 1In electron beamwiting, the substrate is sequentially

exposed by means of a focused el ectron be am wherein the beam eit her
scans in the formof |ines over the whol e specinen and the desired
structure is witten on the object by correspondi ng stopping-out of the
beanor as , in the vector scan nethod, the focused el ectron beamis guided

only over the regions to be exposed. El ectron beamwiting is
di sti ngui sﬁ% . SI nce the circuit geonetries are stored
i n the conputer 2 Furt hernore, very high

resol uti orEle6ABnbOR on beamwiting, since electron foci
wi th di ametérs Sme Frean already be attained with sinple

el ectron-optical imging syst em; However, it is disadvantageous that the
process is very, tinme- consum ng, due to t he sequential, pointwi se witing.

El ectron beam 1Wfe differend meﬁmd‘sc&m ﬁedﬁi@@%aﬁ%é&hﬁ g-r ﬁ%}’t hte ]
ogr ap ‘ectron beam

ed in pro ection |1

productio
wWiters a?le?% Iylﬁeggéiﬁ@ éﬂ&%ﬁkc @@I‘bﬂﬂmqy@jeﬂﬁomh thograglel, ect ron
m croscopes, Wi &} r,ab si npl er, .t han transm ssi on
el ectron micr osco:oéggrcellﬁémﬂﬁ @9?@3 %@45%/\’19 5¢d expeiedabgcanni ng
el ect ron Meanssafopfocused dlbetroh bekts WREriAMEWm either scans in the

form of lines over the whole specimen and the desired structure is written

on the object by corresponding stopping-out of the beam, or, as in the

vector scan method, the focused electron beam is guided only over the
regions to be exposed. Electron beam writing is distinguished by high
flexibility, since the circuit geometries are stored in the computer and can
be optionally varied, Furthermore, very high resolutions can be attained
by electron beam writing, since electron foci with diameters smaller than
| 100 nm can already be attained with simple electron-optical imaging |
- -Systems, However, it is disadvantageous that the process is very time-
-consuming, due to the sequential, pointwise writing. Electron beam
writing is therefore at present mainly used for the production of the masks
required in projection lithography.
Electron bearn writers are based, as regards equipment technology,
| on scanning electron microscopes, which are as a rule considerably simpler
than transmission electron microscopes. In addition to the usual
- components for a scanning electron microgcope, all that is further required
15 a so-called beam-blanker, by means of which the electron beani can be




is a so-called beam bl anker, by neans of which the el ectron beam can be 20

July 2005 -2 deflected onto a diaphragmIn order to swtel fRegkect ron
beam "of f" at the places which are not to be exposed. In electron beam
projection |ithography, anal ogously to optical |ithography, a |arger
portion of a mask is illum nated simultaneously and is inmaged on a reduced
scale on a wafer by neans of a projectidn optics. Since a whole field is

i maged si Eul taneously in electron beam projection |ithography, the

at t ai nabl deflgrindyonin 8 disphtagminkardey thisghtth iHe eleemon begh "W arahect r on

beamvvritg, . Howe er, due to the lens errors of uncorrected
el ectron- ﬁﬁe&}]" AEROt g exhesedl ds of the mask, of size about 1 mm x

the exposure ot SesAaRaait pPTLFor Rtk aaaliasmels th opsLcet agal nst
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and in ElUnePrEectedgdectronioptined syatrme oy euibfivlds e the mekslS (dfeize
1 thogr ARl S 1 $am, can be simultaneously imaged on a reduced scale on
the wafer. For the exposure of a whole circuit, these subfields have to be
placed against each other by an electron-optical or mechanical
displacement, or by a combination of the two displacement methods,
A corresponding electron beam projection lithography systern is
known, for example, from U.S, Patent 3,876,883, It is already described .
there that for adjusting the mask and wafer relative to each other, the
~ excitation of the condenser ahead of the mask can be varied such that the
electron beam is focused on the mask. The subsequent projection system
t_hen Images onto the wafer the electron focus arising in the mask plane.
Further similar electron beam projection lithography systems are de-
scribed, for example, in U.S. Patent 4,140,913 and in EP 0 367 496.
A disadvantage of electron beam projection lithography systems is
that a corresponding mask i necessary for each structure to be exposed.
The preparation of customer-specific cireutits in small numbers is not |
economic, because of the high costs associated w1th mask production.
A known intermediate form between electron beam writing and




that a corresponding mask i s necessary for each structure to be exposed.
The preparation of custoner-specific circuits in snall nugaggﬁziﬁ not
econoni ¢, because of the high costs associated with mask produaction. A
known i nternedi ate form between el ectron beamwiting and 20 July 2005 -3
el ectron beam projection lithography is witing with a shaped el ectron
beam Instead of a focused el ectron beam the profile of the el ectron beam
i s shaped using a diaphragm and the giaphragnl is projected onto the
substrate to be exposed. The di aphragm apertures have standard geonetric
shapes, the overall patfern to be produged on the substrate then being
conbi necEleesont heam @Wmﬂﬁm an apsdingrivish ashaped; ﬁfﬁ&ﬁ%nages
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f ocused with a Tocused electron beam, and is markedly siower than electron

projection lithography.

Embodiments of the present invention provide a method and an
electron beam projection lithography system with which customer-specific
circuits can be produced very economically, even in small numbers.

| Embodiments of the present invention are based on a combination of
electron beam projection lithography with electron beam writing in a single
‘apparatus.

~ Inaccordance with a first aspect of the invention, there is
provided a method of electron beam lithography, in which in a first
step a mask is electron-optically imaged by means of a projective
system on a substrate to be exposed, and in a second step a focused
electron beam or an electron beam with a shaped profile is guided
over a substrate arranged in the substrate plane by focusing the
electron beam in the plane of the mask or shaping the beam profile of
the electron beam before the plane of the mask and deflection of the
electron focus or of the shaped electron beam by means of a
deflection system.




el ectron beam or an el ectron beamwith a shaped profile is guided over a
substrate arranged in the substrate plane by focusing thezoﬁhggbbgn beamin
t he plane of the nmask or shaping the beam profile of the electron beam
before the plane of the mask and deflection of the electron focus or of

t he shaped el ectron beam by neans of a deflection system 20 July 2005 -4
El ectron beamwiting takes place, according to a first enbodi nent of the
i nvention, by nmeans of an el ectron beamwhich is focused in the substrate
pl ane. In a second enbodi nent, the eldeetron beamwiting takes place with
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fields gobstrgtesphaio. dhea sécone drabbdihens, thieeeleatroneBeamt writin, ¢epl e
succession with the sanme apparatus, nQ readjustnent of the substrate

rel ati vlaee with s elestroax beant shaped ppanadiaphragme dhe rdiapbeagiethen he two
steps. kn _accordance wth a second aspect, of the jnvention .thereg.is
ot v ael G EEAPES. Which ShaFE LHapRRRR Shdhes A AEHABPmisER L ce, o
condens@lecidsiisem a mask plane provided behind the condenser system and a
projective system which follows the mask plane and can be excited such

that the masBoih asteps asf Hlee | comabingtionr dcdrdatt toatite iinventiohstantef
course be carried out one after another with multiple iterations, for the

exposure of larger fields on the substrate. Since both steps are carried out in
multiple succession with the same apparatus, no readjustment of the
substrate relative to the optical axis of the apparatus is required between
the two steps.

In accordance with a second aspect of the invention, there is
provided an electron-optical lithography system with an electron source, a
- condenser system, a mask plane provided behind the condenser system,
- and a projective system which follows the mask plane and can be excited
such that the mask plane can be imaged on a reduced scale in a substrate
plane, wherein it is possible by means of a control system to change over
the condenser excitation and/or deflection such that a small focused or
shaped beam profile is produced in the mask plane, wherein a deflection
system in or before the projective system can be driven such that a
focused or shaped electron beam with a small beam profile is movable in
the substrate plane along stored or computed paths, and wherein a mask
table arranged in the mask plane is operable to displace a mask arranged
on the mask plane in mutually perpendicular directions.




pl ane, wherein it is possible by means of a control systemto change over
t he condenser excitation and/or deflection such that a snabbuﬁggpged or
shaped beam profile is produced in the mask plane, wherein a detflection
systemin or before the projective systemcan be driven such that a
focused or shaped el ectron beamw th a small beam profile is novable in
the substrate plane along stored or conputed paths, and wherein a mask
tabl e arranged in the mask plane is operable to displace a mask arranged
on the mask plane in nutually perpendicular directions. 20 July 2005 -5
Differing fromthe lithography systemknown fromU.S. Patent 3,876,883, in
the lithography system according to efhodi nents of the invention, with the
el ectron beam focused in the mask plane, the el ectron beamis scanned with

the proj ect Diffesngdrom thedithagraphy aystoseknewn fromtld8. iRatentch 876,888 s
coupl ed .to, a,. pattern geperator ich produces the structures ft. e
CorPL o inhe liBokRhy, SSHEr Peaordine 20 SPUdigesof 13t i ahopeR i i s node
of writi c 2 mask.
Ph o pctioh bodh fobtedt FObhEfasid BRes Bt BBCRoh B Salificd wih e
condens grojegtivenstanaer. Bpethigr ﬁmﬁo@ph tleg protective vicdatdemis douptedats anged,
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seen in the beam direction, d_of the mask plane. The_plane in which
this cdftensgenarsder whickyprpdvegsnthesststrascto bs WRiian; d heopondanseny t h

proj ect coocbing s RbensBRay Uil AR HoRR S HiBe OB B, Thi s
condens@eaﬁp@mpagthﬁ&@mngm mqhbhﬁggkm thout inportance in the prpj ect I on
node, and serves in the witing node sinultaneously for the definition of
the illum nalii @n ageantageoum@mbodiment of the invention with a multi-stage
condenser, a condenser aperture diaphragm is provided which is arranged, seen
in the beam direction, ahead of the mask plane. The plane in which this
- condenser aperture diaphragm is arranged is then to coincide with that plane in
which an image of the electron source arises in the projection mode and thus
with uniform illumination of the mask plane. This condenser aperture
diaphragm is then without importance in the projection mode, and serves in the
~writing mode simultaneously for the definition of the illumination aperture and
also as a dark scanning diaphragm through the deflection, by means of a
condenser deflection system, of the electron beam onto the diaphragm at places

which are not to be exposed.
A further diaphragm, a field diaphragm in the projection mode, is

furthermore preferably provided between the condenser lenses. This field
diaphragm is then arranged in a plane which corresponds to the source-
- side object plane of the last condenser lens and consequently is sharply

imaged in the mask plane by the last condenser lens.




al so as a dark scanni ng di aphragm t hrough the deflection, by neans of a
condenser deflection system of the electron beam onto thgogpﬁeﬁgggnlat

pl aces which are not to be exposed. A further diaphragm "afreé di aphr agm
in the projection node, is furthernore preferably provided between the
condenser lenses. This field diaphragmis then arranged in a plane which
corresponds to the source- side object plane of the |ast condenser |ens and
consequently is sharply imaged in the mask plane by the |ast condenser
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axial error coefficients, 1n particular color error-coefficiéents, known for
condens of thojast condensemlensfare fikddnsbetlcarodss. real i zed. Since in the

system accordi ng to enbodi nents of the invention the protective systemis
al so not changed, as regards its excitation, on changing over between

wri ting modepAnds Pl eLh MiagRfs dfifolfhbnt R Mst'Whdenser lens and

the first projective lens are formed by a single, so-called condenser-
objective single field lens, with the mask plane situated in the gap center of
the condenser-objective single field lens. By this means, the known small
axial error coefficients, in particular color error coefficients, known for
condenser-objective single field lenses can be realized.

Since in the system according to embodiments of the invention the
protective system is also not changed, as regards its excitation, on changing
‘over between writing mode and projection mode, the last lens of the
protective system can furthermore also be constituted as a condenser-
objective single field lens, only the effect of the entry-side field of this lens
being used for the imaging of the electron beam. Although this may appear
at first sight to be over-dimensioned, since only the entry-side partial field
of this second condenser-objective lens is used, some advantages
nevertheless accrue. Since the overall system, in spite of its high flexibility,
needs only two condenser lenses and two condenser-objective single field
lenses, and both condenser-objective single field lenses can have a
substantially identical construction and are to differ only as regards a linear
scaling factor which corresponds to the imaging scale between the mask
plane and the substrate plane, an advantage results in the first place as




protective systemcan furthernore also be constituted as a condenser -
objective single field lens, only the effect of the entryzahﬁﬁéﬁbgld of
this lens being used for the imaging of the el ectron beam tHough this
may appear at first sight to be over-dinensioned, since only the
entry-side partial field of this second condenser-objective lens is used,
sone advant ages neverthel ess accrue. Since the overall system in spite of
its high flexibility, needs only two condenser |enses and two
condenser -obj ective single field |enges, and both condenser-objective

single field | enses can have .a s antially identical, construction and
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condenser-gbjective single field lens is the good detectability of
seconda Cé@ﬂﬂgma@@i@ﬁ@ld&romthe substrate to be exposed, since the
substrate is arranged in the focusing magnetic field of the
condenser-obj ective single field lens, and the

A further advantage of a second condenser-objective single field lens
is the good detectability of secondary electrons emergent from the
 substrate to be exposed, since the substrate is arranged in the focusing
magnetic field of the condenser-objective single field lens, and the
secondary electrons are collected by this magnetic field in a known
manner.
In the method and system according to embodiments of the invention ,
a mask is preferably used which has subfields separated from each other by
webs. Successive different subfields can then be uniformly illuminated by
the deflection of the electron beam by means of the deflecting system
provided in the condenser, and can be successively projected, spatially
adjoining each other, by suitable return deflection of the electron beam by
the deflection |




secondary el ectrons are collected by this magnetic field in a known

manner. In the method and system according to enbodi ments -gf i l=nventi on,
a mask is preferably used which has subfields separated from €ach ot her by
webs. Successive different subfields can then be uniformy illum nated by

t he deflection of the electron beam by nmeans of the deflecting system
provided in the condenser, and can be s@ccessively projected, spatially
adj oi ning each other, by suitable return deflection of the el ectron beam by

the defl eg stemin the projective system The mask
furtherrmrgbpref%félrag ﬁ& hoﬁ esélﬁn the webs, having a dianeter greater

than the di amreThe mﬁslt fertheasiore préfaabl Bwndlewntthe websdeawieig a The
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relative to_.the subsirate to be exposed, as is described in the abovecited
U S. Pat eRtjustonanigdshe mask ke theelectrorebeamet r on beam focused in the mask
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customer-specific structures, the electron beam focused in the mask plane -
- or shaped ahead of the mask plane -- can of course also serve for the
adjustment of the subfields of the mask relative to the substrate to be
exposed, as is described in the abovecited U.S, Patent 3,876,883,
Furthermore, the electron beam focused in the mask plane — or shaped
ahead of the mask plane - can also be used for post-exposure of erroneous
mask structures or for the elimination of holes in the mask by electron
beam stimulated metal deposition, and can thus be used for mask repair.

- The system according to the invention is thus distinguished as a whole by
very flexible possibilities of use.
| The invention is explained in more detail hereinafter, with reference
to the embodiment examples shown in the accompanying Figures. In
detail: '

Fig. 1shows a schematic diagram of a first embodiment example of
the electron-optical lithography systeny,

Fig. 2shows an embodiment example of a mask used in the mask
plane in connection with the lithography system of Fig. 1;




mask structures or for the elimnation of -holes in the mask by el ectron
beam stimul ated netal deposition, and can thus be used fok qg@@obgpair

The system according to the invention is thus distinguisheg as a whol e by
very flexible possibilities of use. The invention is explained in nore
detail hereinafter, with reference to the enbodi nrent exanples shown in the
acconpanying Figures. In detail: Figal shows a schematic di agram of a
first enmbodi nent exanple of the eIeEPan-opticaI | it hography system Fig.
2 shows an enbodi nent exanple of ,a mask used.in the

annecti on wi Hig, 8?howamd§ﬁgpm0§yheéwsﬁedmﬂﬁe %5%@0%%18 Fig. 3
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schematic di agpe hhératl E%ﬁhgfmﬁidfetheanunﬁnaﬁbnasideqmmﬂmﬁai ment
exanpl e of aaﬂf&g‘?%]ggp%%sg@éstem ac-"cording to the inven%\iw?pr)\(; and Fig. 5

shows a view of a fi el geatirapembgdimesd exampled § LthagieRr SEI0 &G
according to Fig. 4. The enbodi t ex le qf a |ithography system shown
in Fig.1 has an el ectﬁ@\?diﬁélﬁﬂ eamy,en 8 ;@grrple in the formof a thermal
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| ar ge-surface em ssion “at

The embodiment example of a lithography system shown in Fig. 1

has an electron source (1), for example in the form of a thermal emitter
such as a LaBs cathode, and a multi-stage condenser system following the
electron source. The electron source can in its turn ideally be changed over
between a first mode of operation with relatively large-surface emission at
high current (for the projection mode) and a second mode with a high
directional beam value (for the writing mode). The multi-stage condenser
system contains two source-side magnetic lenses (2a, 2b), and also,
following these, the source-side pre-field (7) of condenser-objective single
field lens (7,12). A field diaphragm (3) is arranged in the source-side object
plane of the pre-field (7) of the condenser-objective single field lens, and an
aperture diaphragm (5) is arranged in the source-side focal plane of the
condenser-objective single field lens (7, 12). A rapid electrostatic deflection
system (4), a so-called beam blanker, is provided between these two
-diaphragms, and serves to deflect the ele&ron beam onto the electron-
impermeable regions of the aperture diaphragm (5), to switch the electron
beam off. Furthermore, a condenser deflection system (6) is provided in
the source-side focal plane of the condenser-objective single field lens (7,




hi gh current (for the projection node) and a second node with a high
directional beamvalue (for the witing node). The nulti §b8%® %‘oggdenser
system contai ns two source-side magnetic |enses (2a, 2b), and~’also,

foll owi ng these, the source-side pre-field (7) of a condenser-objective
single field lens (7,12). Afield diaphragm(3) is arranged in the
source-si de object plane of the pre-fiig@l.d (7) of the condenser-objective
single field lens, and an aperture diaphragm (5) is arranged in the
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(7,12). Arapid electrostatic deflection system (4), a so-called beam
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def | ect i odleflpctiemsysternr dntpmetice,hibds defleetion eystemcarnalsobal so be
~ constituted as a double deflection system, which makes possible a

_deflection of the electron beam in two mutually perpendicular directions

with a virtual transition point which coincides with the source-side focal

point of the condenser-objective single field fens (7,12).

On the projective side, a projector deflectlon system (14) follows the
| after-field (12), remote from the source (1), of the condenser-objective single

field lens (7, 12), and likewise makes possible a deflection of the electron

beam out of the optical axis in two mutually perpendicular directions (and

likewise can be constituted as a double deflection system), and a last

projection stage (15). This last projection stage (15) can then in its turn be

the pre-field of a second condenser-objective single field lens which has the

Same.geometry as the first condenser-objective single fleld lens (7, 12), but

which is however made smaller by a linear scaling factor corresponding to

the imaging scale of the electron beam pencil in both condenser-objective

- single field lenses. The magnetic field direction in the pre-field of the
second condenser-objective single field lens (15) is inverse to the magnetic




constituted as a doubl e deflection system which makes possible a

deflection of the electron beamin two mutual Iy perpendi cyhg(, HgpgCtions
with a virtual transition point which coincides with the Sourdé-side focal
poi nt of the condenser-objective single field lens (7,12). On the
projective side, a projector deflection system (14) follows the

after-field (12), renote fromthe sourdd-(1), of the condenser-objective
single field lens (7, 12), and |li kew se makes possible a deflection of the
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can then i.Q.l shd be the pre-field of a second condenser-objective
single figpg{l%enslﬂé ich has the sane geonetry as the first
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the el ect Hantwoulifferent mddmmpr@aadﬁrzﬁ%e%&%ﬁs@ﬁ@u agherh! el d | enses.

The magnetic field direction in“the pre-field of t sec
condenser - obj &8t fhePEjectian made) thehwo ssyrcessidecondenser lenses{@meatic 20

Jul'y 2005, dud-ifd ' {i ip t fter-field (12) of the fifst

c (l; née nser %%Jé%c&ﬁ&\?é#g&h&?@n |38 %hgaﬂgﬁ?%es‘ggﬂ‘ﬁge@f éﬁ ﬁ%)Pg'ﬁﬁ msemegl}if f-axis
error coes$peakin ' ed._ - _ h hown in
Fig.1 i ndi_%eat e hgf ?‘%‘5‘?32%?‘3% %%&Cﬁﬁmﬁﬁeé‘% ﬁséﬁﬁ%ﬁﬁw@i’% |
oper at i orFige foral plasetatdhedast aomidengst tans (7) andetisoiretid fKurdRdidet he two

g of ohet BPEOE BBt Eontiehuen objciive sinle fld lns 7,1, A
substantially parallel illumination is thereby attained in the magk plane (8).
In this mode of operation, the mask plane (8) is imaged in the substrate
plane (16) on a reduced scale by the after-field (12) of the first condenser-
objective single field lens together with the pre-field (15) of the second
“condenser-objective single field lens. The wafer to be exposed is provided
~ Inthis substrate plane (16) and is positioned in a known manner-on a wafer
~ table (not shown). The wafer table then makes it possible to mechanically
displace the wafer perpendicularly to the optical axis of the electron-optical
system, in ordet to thereby make possible tHe exposure of larger flelds.
The two partial fields (12, 15) of the condenser-objective single field lenses
which form the projective system form a telecentric system, whose forward
focal plane coincides with the mask plane (8), and whose rear focal plane
coincides with the substrate plane (16). |
‘ The size of the field illuminated in the mask plane (8) is then
determined by the size of the aperture of the field diaphragm (3). The
llumination aperture 16 adjustable in this mode of operation by a change of




speaki ng, of the crossover of the electron source -- is inmaged in the
source- side focal plane of the |ast condenser lens (7) a@%‘hg%ﬁo'n t he
l'e

source-side focal plane of the first condenser-objective sin ield | ens
(7,12). A substantially parallel illumnation is thereby attained in the
mask plane (8). In this node of operation, the nmask plane (8) is imaged in

the substrate plane (16) on a reduced scale by the after-field (12) of the
first condenser- objective single field lens together with the pre-field
(15) of the second condenser-objective single field |ens. The wafer to be
exposed is .provided in this substratejpl-ane (16) and is positioned in a
known nmanner on a wafer table (not shown). The wafer table then nmakes it

possible t 4 JYEehaNl £ it ohtl Gl o YR ELoREERGAERLLE (b, 219, Wielchit i cal

axis of th P system 1n order to thereby make possible the

exposur e Oéogeﬂﬁ&?form al Aom Bystde WA hahahipel sithetiflurhination apesture
condenser-obj ective single fireld | enses whi formthe projective system
form a t el #zeoiconsegushiimtakes plicerawhange of dhe pndird dswil excdasionstgidhne
mask plane (8), and whose rear focal plane | nci des with the 'substyate

pl ane ( 16)thatibothicoadensendenses|(da Ebhtﬂgﬁheégivﬁﬂ?ﬁgnﬁﬁm ap EREIS OF s t hen

determ ned, by the e of.the aperture of the fi i e
i 11 um nat i 31 Q3% Jllﬁ Qrof s (LQ ‘legrfiw&}ﬁio%géﬁg‘g tgﬁgﬁﬁaﬁg}%}bg@%l}gﬁange
of 20 Jul yg A TRV : [ [ thaAwo first condenser
| enses (Za{ﬁ@g@ %ﬁ%;ﬁ%{d&%ﬁ?w&ﬁ(%h oofni?géﬂsrrgm\?\v h a change of the
i 'lum nation aggf Tchaﬁgm%@ver eens drraniting tmide, phbr theextisajend! thee

S

i ndi vi dual excitation ch that both cohdenser |enses (2 2b) toget her
al ways enstwe saurdemsigiencprdenser lenses (2a, 2b) is changed, and in fact stch Hat
both condenser lenses together produce an image of the source (1) in the
plane of the field diaphragm (3). The subsequent condenser lens (7) and
the imaging stages of the projective gystem remain unchanged in this
changeover. It is thereby ensured that the pre-field (7) of the condenser-
objective single field lens (7, 12) images the electron focus arising in the
field diaphragm plane (3) into the mask plane (8), and the subsequent
- projective system images this electron focus on a reduced scale into the
subsirate plane, ,

The control system for the electron-optical system is schematically
shown on the right-hand side of Fig. 1. The control of the electron-optical
components and of the associated control units takes place by means of a

- host computer (20). This host computer (20) controls the control system

~ (21) for the source-side condenser lenses (2a, 2b). The host computer (20)
furthermore controls the control system (22) for the condenser deflection
system (6), the control system (24) for the reticle table (not shown), the
control system (26) for the projective deflection system (14), the control
system (27) for the projective system (12, 15), including the last condenger

 lens which is formed by the pre-field (7) of the first condenser-objective




the source (1), or of its crossover, in the source-side focal plane of the
pre- field (7) of the condenser-objective single field 'eQ?JﬁﬁQObg)- On

. changing over into the witing node, only the excitation of the two

sour ce-si.de condenser |enses (2a, 2b) is changed, and in fact such that
bot h condenser |enses together produce an i mage of the source (1) in the
pl ane of the field diaphragm (3). The Kubsequent condenser lens (7) and
the i magi ng stages of the projective systemremain unchanged in this

changeovegingld fiekl loher ahul th@%@h%zltsﬁrgferﬁ t28)fop the ’bafet Tablef(ridte condenser -

objective single field lens (7, 1 | mages ‘the el ectron focus arising in
the fielgshawaphThghqgst sompderi ermorewortiolaa ehaggeouar denices(283 equent

projectiv stemimages, this electron fqQcus.on a teduced scale into the
Subst r at SO5IHIRCDAREECYer, Prrear the iivP Srofs OE PPETAAR BPAI A BRECT) s o i o

scherraticgéﬂéfatm on the right-hand side of Fig. 1. The control of the
el ectron-optica conponents and of the associated control units takes

pl ace by meaniefpatelipgen@enor(2s) if dBhctividted iAahe midd8, Thetrols

the control system (21) for the Source-side condenser |enses (2a, 2b). The

host conpardrOl enits forthaeleaton-aptical domporentsihen genpsetenthexaontrel t he
Comeno gL, YR Y R sy ARy Sk ARt oL oL
el o e PRS0 con SRRt i A SR IR AR 05,
the firstopticedeternentguech ay ferdRs dndyd @0&%ors. 1Bhe opelratién @fdheeablesand t he
control r ttﬁg] n‘(mzs% Jnoc{ ﬂtlehara%gf, %.I;‘!.Cf s?lgqlo etht(airzl-(i;oéition control, are regulated
by the respective table control units (24, 28). |
| The exposure of the wafer takes place in two steps in the method
according to the invention. After positioning of the mask and watfer, one or
mare subfields of the mask are first imaged by parallel projection on the
wafer and the wafer is correspondingly exposed, an axially-parallel
illumination in the mask plane (8) being ensured by corresponding control
~ signals for the two source-side condenser lenses (2a, 2b). After the
completion of the mask exposure, the control unit (21) for the two source-
side condenser lenses (22, 2b) and the control unit (22) for the condenser
deflection system (6) are set by a control signal of the host corﬂputer (20)s0
that an image of the electron source (1) arlses in a free opening of the mask.
‘The pattern generator (25) and the mode switch (23) are simultaneously
activated. The activation of the mode switch (23) then has the effect that
- successively in this mode of operation, the writing mode, the driving of the
‘rapid deflection system (4) in the condenser, and thus of the beam blanker,
and the driving of the control unit (26) for the projector deflection system




shown). The host conputer furthernore controls a changeover device (23)

for the changeover between the two nodes of .operation andzgﬁgtzto%,gn
generator (25), The pattern generator (25) is deactivated in the projection
node. The <control units for the electron-optical conmponents then generate
the control and regulating signals for the individual current and voltage
supplies which produce the correspondipg currents and vol tages for the

el ectron- optical elenents such as |enses and defl ectors. The operation of

the table f t he sks _and e fer. _an hei les rol,

are regul Z]r%otgkﬁyqu‘?fgg)'égﬁw ?f/&‘e[ ﬁ%ﬁé’%ﬁ?&ﬁ%ﬁ%sqﬁw aa%ég?@posur e
£ th I | . : .

?nven?i \gﬁiﬁiﬂer posﬁ?%lrﬂ %%’ﬁ%ﬂpg%%?w%ﬁgﬁ? %g@gjﬁfi el ds
of the mapla@ssofthesubisttge sviirhpae ablbel exposeds andrtherbering blawiter (4368 ¢ he

waf er is correspondingly exposed, an axially-parallel illum naltﬁigé)c? in the

mask pl andQ@ensaniipydeactivatad for exposarsoniilian theexpRsureiisLamp st he two
sour ce- si enser. Len . ARt | e mask
exposure, gﬁ%@%&@l"hﬁﬂ q?é? ?&%ﬁ%ﬁa ﬂﬁfﬁiﬁ@%ﬁ?ﬁé&%ﬁg’t&c‘gﬂ@ﬁs@? | enses
2a, 2b ‘ﬂ“‘f” 'tiF(ﬂﬁ), 3 ‘ ' Fricald ¢ system (6
gare set)bgﬁgsc ntro %‘?’Jélr{g:&o eg%&é?%ﬁ?pﬁ?@fﬂ@%%{fﬂg thaqtakg?] iymage (()f)
the el ect placesource (1) arises in a free opening of the mask. The pattern

O o 20 A en e st W LB e o]
B A AT R e S
the drivi 8goatatéd erdiBHach othet bywEbs (1) sififated Bebieeh tHesubbiel @ (Fystem
| The individual subfields (9) respectively have a relevant section of the

structure to be exposed. Between a respective four subfields (9), the

separating webs (10) have through holes (11), the diameter of which is

chosen so that it is greater than the diameter of the electron focus in the

magk plane (8) for the focused electron beam. For electron beam projection

lithography, the two source-side condenser lenses (2a, 2b) produce an

. image of the crossover of the electron source (1) in the front focal plane of
the last condenser lens (7) so that an axially-parallel illumination of the

magk (8) is ensured in a respective square subfleld. By means of the
illumination deflection system (6), the image of the ittuminating field
diaphragm (3)can be deflected onto the respective subfield (9) to be
exposed. The projection lens system (12, 15) images the successively
illuminated sub-fields (9) on a reduced scale in the magk plane (16) and
thus on the wafer. With the projection-deflection system (14), the
individual subfields are thus seamlessly placed one against another in the -
substrate plane. This result in the substrate plane is shown in Fig. 3.




20 July 2005 -14 (14) take place by nmeans of the pattern generator (25).
The focused electron beamis now serially guided, using tQB‘?JuB/r;fUQQCt Ive
defl ection system to the places of the substrate which are e
exposed,. and the beam bl anker (4) is nonentarily deactivated for
exposure. \Wen the exposure is conpleted, the nmask and the wafer are
further noved relative to each other ayy the subsequent exposure or

i magi ng of the next subfield of the mask takes place. A view of an

exenpl ary nmas 0 in Fig. Thi.s._mask ha f square
subfields (9), Ifé"ka@ éﬁ"qrﬁ@léﬁﬁﬁ &5‘5 Ag @}%9#%8{@'2 %d from each
ot her by ' ndi vi dual

subfi el ds&?§§' respec?&%ﬁ%@%ﬁ&t%\%ﬁ@éﬂé‘ﬂ% r?((%%etcﬂéhgg?ructure to be
exposed. B&hWn of tles peotsovecd-side cortdéraded deriss, (2ah2b), fhe prajactignnebs (10)

have t hrough h 11 t he di_aneter of whic chosnsoth it is
gr eat er t‘PIIg’ﬂCQ Egﬁ@%duceﬁmﬂw sikatrate plane Z%é)l% r‘PA@WﬁFQ??@I@S) f or

e 283?@@@%@%&&1@@” PEREE ey AELRffh SRR (AL AAE lt e
condonser” LKHR, BPEL(RE of Bk irichnidl ARAI@PoslRSs bf ?ﬁé"ﬁ‘#‘@{*ﬁlfshﬁas?“
(8) is en@ Forithisapurseses the elestroar besulis ideflectadl byraneans bf th@

|IIumnat|on deflect on system(Gi the image of the illum ngt field
di aphr agreqreiensgy deflegionasgstemdf @%‘FPUMH%P‘?F be

1 Tom nat S o BchEh b?ﬁérﬁﬁgﬁif( é@%ﬁ%%ga%f@# &%#ﬁé&p?’;ﬁd; (18 and
through holes (11} in the mask (8) is only insignificantly greater than the
diameter of the focused electron beam, or if a suitable arrangement of the
holes is provided as a hole code, for example analogous to a bar code, the
signal passing through the holes can also be used for adjustment of the
mask relative to the optical axis of the electron beam, for example by
scanning over the hole edges.

Respective four mutually neighboring subfields in Figs. 2 and 3 have
a respective through hole (11) provided in their center, and are given the
same hatching. A respective four subfields with the same hatching are
 successively imaged by means of a purely electron-optical relative
displacement, using the two deflection systems (6, 14), without an
intermediate mechanical displacement of the mask and wafer taking place.
After a respective four subfields (9a-9d) with the same hatching have been
projected, the production of the fine structure takes place by electron beam
writing, in which the electron beam is focused on the through hole (11)
between the four subfields. A mutual displacement of the wafer and mask
takes place thereafter, so that the next four subfields can be sequentially




thus an the wafer. Wth the projection-deflection system (14), the

i ndividual subfields are thus seam essly placed one agai ngh gpaigagr i n the
substrate plane. This result in the substrate plane is shown rn Fig.. 3. 20
July 2005 -15If on the other hand, in the witing node, the crossover of
the electron source (1) is imaged in the mask plane (.8) -by the changed
excitation of the two source-side.conq§§ser | enses (2a, 2b), the projection
optics (12, 15) produces in the substrate plane (16) a focused el ectron
beam which can be guided with the condenser deflection system (14) for the
sequentiapnﬁﬁﬁﬁgure of fine structures at defined positions in the

subfields (9 I r .he..el ect [ y neans
of the conde?ggf&é‘g%pgﬁ\eﬁgﬁwgw(?g' ‘ggla‘ll:’ %ﬁﬁ%%e%ﬁ%ﬁg@gﬁ?passes
through corestaictdietd mmaférﬁﬁoﬂﬁﬁﬁnt é‘xéﬂ@l@ﬁﬁ Fig).'l@ﬂ@onhé%ﬁéwﬂ i anet er

of the through holes (11) in the mask (8) 1S only TnsignificCantly greater
than the thtisacereponéntstia Higcd vehichl@rtespondtothose infthe embodiinent
arrangenent of the holes is provided as a hol e code, for xanp]? anal ogous
to a bar %’@é’é?lec%émgsilgﬂiélgiﬁﬁ%@ﬁgam@r@ﬁ@}eﬂcﬁé‘%ﬂ@scfhSuggﬁl'&ﬂ used for

o oxanmiitfireh € botiBedh B bbb airEnl AR Bles ity a Bt oREHiR R 0o
nei ghbor i fogratiogd ebRdehderi gFrovd@Dds & ra3iR ofthe §RPeSibYe R D fhbr hol e (11)

provided in their_center, and are given the sanme hatching. A respective

four subfGadenser lens Re) bamemthmwg_mce-sidasmdme; lensgre(222bleans of
2 purely GleBld i SBLeAler eh 2 Gor bl S B el oPnd MoniRsde! oot on
objective single field lens (7, 12)). A modified field diaphragm (3) is
arranged in thé main plane of this further condenser lens (2c), and has
further decentralized structures (17a, 17b, 17¢, 19), in addition to the central
opening which defines the field of the subfield (9) to be illuminated for
mask projection. The illumination in the illumination field diaphragm (3)
i8 limited by a suitable preceding diaphragm (20) such that only a region is
illuminated which is insignificantly larger than the central region (18) of
- the diaphragm (3). ' |
As regards its positioning along the optical axis of the electron-
optical system, the additional condenser lens (2¢) is arranged so that its
main plane coincides with the source-side object plane of the Jast
condenser lens (7), or with the pre-field of the condenser-objective single
field lens (7, 12). The field diaphragm (3) is theéreby imaged in the mask
plane (8) in the projection mode. - At the same Hme, differing from the
embodiment example of Fig. 1, in the projection mode the two source-side
condenser lenses (2a, 2b) are excited such that an image of the source Is
present in the plane of the electrostatic deflection system (4), and is




i nt er redi at e nechani cal di spl acenent of the mask and wafer taking place.
After a respective four subfields (9a-9d) with the same hapgplypobave been
proj ected, the production of the fine structure takes place by electron
beam witing, in which the electron beamis focused on the. through hol e
(11) between the four subfields. A nutual displacenent of the wafer and
mask takes place thereafter, so that ige next four subfields can be
sequentially 20 July 2005 -16 projected” The enbodi nent exanple in Fig. 4
has substantially a very simlar construction to that of the enbodi ment
exanpl e i fubsequentlyimagaddm the additional copdessesians Rrywith aniimaging

th i.,n_fhe enbodi ment le of. Fig. ' h
ref er shoe tleatateued Shisleably With apdr i steleht et D LHBAA hene
exanpl e ofsi I A r < [ rovided as a
CXAL €5  PHEUN Sokftol ok U h8TARRraRRIaISY. |5 provI dod as
sour ce- si de coldthis embedisgent Samply, theelbdtih beain, adieddhe eonktusion’)

(formed by the pre-field of the condenser- objective single field |ens

(7,12)). Affbaprojestionaxpasasnraybe deflerted by thegapid electrostatity pl ane of
(173, 170 eRsEA0H SR Eldnls B b Atedlingar g U A ARIFRATHEI nos he.
| o 138 OB et AU B8R JEb sk R ERAGTe
sui tabl e pack énlithe diieationagfthe2sptical elxis, laaid ontoytiee optitahaxis again by nat ed
which is insignificantly larger than the central region (18) of A _the
di aphr agnfli&syefracting power o{ t?\e additional condenser lens (2¢) together with a
double deflection system (6a, 6b). The electron beam, shaped as desired by
 the off-axis openings (172, 17b, 17¢), can subsequently pass unhindered |
through one of the through holes (11) of the mask (8). Analogously to the
procedure in projection exposure, the thus shaped electron beam is imaged
by the subsequent projective system, no longer shown in Fig. 4, into the
substrate plane and can be guided to the place to be exposed using the
projective deflection system. _
Differing from the embodiment example of Fig. 1, in this embodiment
example the excitation of all the lenses, and thus also that of the two
gource-side condenser lenses (2a, 2b), rernains unchanged on changing
- over from the projection mode to the writing mode. In the writing moede,
the beam crogs section is defined by the shape of the selected off-axis hole
(17a, 17b, 17¢) of the field diaphragm (3). The electron beam shaped by one
of the off-axis holes can pass unhindered through the through holes (11) of
the mask (8), since the images of the off-axis holes (17a, 17b, 17c) in the
mask plane are sufficiently small.
A position (19) without an opening can also be defined on the




As regards its positioning along the optical axis of the electron- optical
system the additional condenser lens (2c) is arranged SOzb%Fyédoﬁ mai n
pl ane coincides with the source-side object plane of the l'ast” condenser
lens (7), or with the pre-field of the condenser-objective single field
lens (7,12). The field diaphragm (3) is thereby inmaged in the mask plane
(8) in the projection node. At the sandgtine, differing fromthe

enbodi ment exanple of Fig. It in the projection node the two source-side

condenser illandaaioadiclatliaphagit(3) A Hilhé hbved to Byahediledtibs@eie’ ce |

present in the plane of th static defl-ection System (4), and is 20
Jul'y 2005 deﬂ_wt@atgtsmr(é) yheregetarkyscaheirggidf theoelettronibenmds desired: (2c)
betweon 0.5 - 1PBR3NSERON e av deisiiiech Haing ShePIHEGt ORETpIEs,
condenser [ ' X | e, the.el egtr.on be ter

t he concl llj{se?%'i?]\a th@%@gﬁmﬁ% ewr&g}\tp @t%&%‘ﬁ%ﬁ@a api d
el ect r ost g comsdn ot e(cﬁ')v ff-axi 1 : field
di aphragm ( 3). T];?eel eﬂ&r?ﬁg%trgﬁgﬁg@ﬁtigﬁgﬁ %ﬂe ?ﬁ?tlgél S Seni ng
is deflec lens; kKHonvever, dnraebtargagedud ambodinmait exanspleds dopgtmdde
optical axis. agajn,. the, refracting power, of ,the additjonal condenser

| ens (2c) ﬁF{)"ﬂg egﬁlﬁmﬂﬁpﬁl}'apo Hoﬁ?ﬂ lestepndensesilens {-and &he fissy ﬁ?nﬁﬁéf t&eect r on
beam sha ' fif + A%l j n
subseque n?le?egggg %ﬁﬁ (gie?l)ecd&r{] @ﬁ?o%egﬁég %gaggwt @#ﬁ ﬁ& ;rﬁf%ég’?é?ﬁﬁgf t he
mask- ( 8) . adyvstaigeudnidividual fensea! AUHE Weuld hBWaves ehedl] 8 Resllég the thus
shaped elg&alrpn heamis imaged by the subsequent projective system no

| onger shddfittionaliapst sinteno useds made of an independent setting of the two

lenses, and it leads to pooter imaging performance.




2771, in this enbodi nent : exanple the excitation of all the fens

- substrate plane and can be guided to the place to be exposed using the -

projective deflection.systemDiffering fromthe enbodi nen ogmgggbg of Fig.
nses, and thus

also that of the two source-side condenser |enses (2a, 2b), remains

unchanged on changing over fromthe projection node to the witing node.

In the witing node, the beamcross section is defined by the shape of the

selected off-axis hole (17a,17b, 17c) é_the field diaphragm (3). The

el ectron n shaped by one of the offZaxis holes can pass unhindered

t hr ough ‘hrough holes (11) of the mask (8), since the inmages of the

Bgs{ ?:Xi)ﬁl-?‘i'g? ?&%ﬁ%&g&éﬁmgﬁbﬁ"@%ﬁw&?E'sa%ﬂ‘ﬁ%ﬂé&%e(ai%I%?hg%%@%%ﬁéfyeﬁ?‘éhé' g
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el ectr o5t i ¢ Couebr e MeRPEORPE PelidReiRLng S EREBE AR ah B mosiesti 1 on
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(7 hnd t he- £ PRSI By magieergBobfll Biont R thahdle bler rfeiytdtRhr SRRABAZRGH N
reSpecti vel v Gnstif UL e 2,/ NEPETAER e A 1Shabhln BRIl LATSS

Thi s woul d however en a needl €ss a i ona NCE NO USE€ IS nmade

of an i ndepenﬂ%%a&eﬁléder}g),\ﬁgeréing oteﬁ\é)ctiorll g}}fe‘?r? (14?P|doribléfot'eef?lg%rc}jé%ﬁvpé)ws?eﬁl

i magi ng performance.
(12,15) can be driven such that a focused or shaped electron beam with a small

beam profile is movable in the substrate plane (16) along stored or computed paths,
and wherein a mask table arranged in the mask plane is operable to displace a

" mask arranged on tha mask plane in mutually perpendicular directions.

2. Electron-optical lithography system according to claim 1 wherein a condenser
aperture diaphragm (5) is amranged in the source-side focal plane of a last condenser

lens (7) remote from the electron source.

3. Electron-optical lithography system according to claim 1 or 2, wherein the

condenser has a deflection system (6).

4. Electron-optical lithography system according to one of claims 1-3, wherein an

illumination field diaphragm (3) is provided in a plane conjugate with the mask plane

(8).




.20 July 2005 -19 CLAIMS: 1. Electron-optical |ithography systemw th an
el ectron source (1), a condenser system (2a, 2b, 7), a nﬁﬁﬁu&: § (8)
provi ded behind the condenser system and a projective syste %ﬁ? , 15)

whi ch follows the mask plane (8) and can be excited such that the nmask

pl ane (8) can be inmaged on a reduced scale in a substrate plane (16),
wherein it is possible by means of a gpntrol systemto change over the
condenser excitation and/or deflection elenents such that a small focused
or shaped beam profile is produced in the mask plane (8),wherein a

defl ection system (14) in or before the projective system (12,15) can be

driven sugh t@bc&oh%?ﬁ@d lﬁho?hggtmﬁs Seh h@d&bﬁaﬁﬁgw’dﬁe &f slabnis 1-heam
profile is novable in the substrate plane (16) along stored or conputed
paths, and wiwhereindhedast ecrtdansar lensg) aind thefixsi gprojrciive hemdégfabl e to
di spl ace a mask ranged on the nask. pl.ane.i t I ey pendi cul ar

d: rgct i ons. Z.arﬁlfgmeggbﬁﬁtqo emﬁf'ﬂglﬁ%%ﬁfl’ég@t%%@@%r%‘%gﬁw im1
wherein a con I ' r i E%&@@ P tPQp- ce-side
focal plane oﬁgﬁﬁéggﬁggﬁéﬁej{r{gg@ gﬁgﬁgﬂ @3%%021 T omﬁ%&&e ec??lg# sour ce.

3. El ectron-offiglddent) t hography system according to claim1l or 2, wherein
the condenser has a deflection system (6). 4. Electron-optical |ithography
system according to one of clainms 1-3, wherein an illumnation field

di aphra 3) d rovided.in,a plane conjugate wi.th the k. pl an 8). 20
Suly 20085 - > IEcRpRe T 1EpOeBay sYHH AAFYE Ce TR ERAIRS 18 one o
claims 1-4,  wherein a second condenser-objective single field lens is provided

and forms the last projective lens (15).

7. Electron-optical lithography system according to ane of claims 1-6,
wherein the projective system (12, 15) is operated as a telecentric
‘system whose source-side focal plane coincides with the mask plane
and whose focal plane remote from the source coincides with the
specimen plane (16).

8. Electron-optical lithography system according to one of claims 1-7,
- wherein the excitation of the last condenser lens (7) and of the
projective system (12, 15) remains unchanged on changing over the
condenser excitation.

9. Electron-optical lithography system according to one of claims 1-8,
wherein, in the electron beam focused in the mask plane (8) or
shaped before the mask plahe, the deflection of the electron beam
takes place exclusively by means of the projector deflection system




wherein the | ast condenser lens (7) and the first projective lens (12) are
formed by a condenser-objective single field |l ens and thezp%§§2DBFane S
situated in the gap center of the condenser-objective single “field |ens.

6. Electron-optical |ithography system according to one of clainms 1-5,
wherein a second condenser-objective single field lens is provided and
forms the last projective lens (15). 721Electron-optical |ithography system
according to one of clainms 1-6, wherein the projective system (12,15) is

operated as a e ind Mnséé% - (& feopataril SRetatRirICi des
wi th the mask %Iqéine gﬁ%éova\%%{%e?g%a plan ?%?rlo(t%g rBoth\aérHsource ggi nci des

with the specinen plane (16). 8. Electron-optical |ithography system
accordi ng booeof clainms 1-7, erein the exgitation of the |ast
condenser Wen oxnapHcalliihogsaphy oypiesm agco e ang of € nchanged

Syst om accor oiperaRoyE ITHAERHCR hr e B) e B Liopsicam

focused in th ﬁﬁ@%; : 4Hahe
defl ection ofetfr e e %é??g%l(g%g@nbnggk@gf; acer@fe‘ggq.l ?ve y k%{y@#gatrl;% of the
proj ect or def I'smam@ro$ie b theBledtdon B&Gh, -21 (14), and the condenser

defl ection system (6) has constant excitation. 10. Electron-opti cal
| i t hography system according to one of clainms 4-9, -wherein the

1T um nat ypn Trgl de gh WRAASIpRcal At e Sy4tE8| 80%rding to one of
claims 1-10 for the repair of & faulty mask (8), wherein a focused or
shaped electron beam is deflected by a deflection system to the place
of the mask (8) to be repaired. ‘

12, Method of electron beam lithography, in which in a first step a mask
(8) is electron-optically imaged by means of a projective system (12,
15)ona substrate (16) to be exposed, and in a second step a focused
electron bearn or an electron beam with a shaped profile is guided
over a substrate arranged in the substrate plane (16) by focusing the

‘electron beam in the plane of the mask (8) or shaping the beam
profile of the electron beam before the plaﬁe of the mask (8) and
deflection of the electron focus or of the shaped electron beam by
means of a deflection system (14),

13.  Method according to claim 12, wherein the mask has subfields (9, 9,
- 9b, 9¢, 94d) separated from each other by webs (10), and wherein
different subfields (9, 9a, 9b, 9¢, 9d) are successively {lluminated by
deflection of the electron beam by means of a deflection gystem




transm ssive for electrons and of different shapes for shaping the beam
profile of the electron beam 11. Use of an el ectron-opti cgljylyidesgr aphy
system according to one of <clains 1-10 for the repair of a faulty nask
(8), wherein a focused or shaped electron beamis deflected by a

defl ection systemto the place of the mask (8) to be repaired. 12. Method
of electron beamlithography, in which2@n a first step a mask (8) is

el ectron-optically imged by neans of a projective system (12, 15) on a

bstrat 16 : j t ivel t b
substrate (10)phovioRaTHPSSHICAIS dybdmiPACRY Al Rdasbagiveadbivalyect T on beam

or an electron"beamwth a s I'S gulded over a subStrate

arranged in t hprojetted; avetyplhnepatid]y hgjdiningi ng the electron beamin the
pl ane of the mask (8) or shaping the beam profile of the el ectron beam
before the plane of the mask (8) and deflection of the electron focus or

Vet hod acadr di s beRFRe o aRE B S e By BB, 5 o,
9c, 9d) separated from each other by webs (10), and wherein different

subfi el ds g9, 9a, 9b, 9c, 9d) are successively illumnated by deflection
of the el 85t r cMethadh deyordingstootlaimdef, velneriean tisy dianneter fithe olgs is- 22

provided in a gcondepser system (2a, 2b, .7), apd arge successiyvely

proj ect ed, wt@ﬁg??ﬂmm%a?WSW(ﬂfﬁ%ﬁ@egﬂ?n %@?ﬁb 8@?%{ to claim13,
wher ei n the webshddndd) have holes. 15. Method according to claim 14,
wherein the dianeter of the holes is

16. Method according to claim 14, wherein the diameter of the holes is
larger than the greatest dimension of the beam profile of the electron
beam in the plane of the mask (8).




| arger than the diameter of the electron beam focused by the condenser.

16. Method according to claim 14, wherein the diameter of dghg/miogs is

| arger than the greatest dinension of the beamprofile of the el ectron
beamin the plane of the mask (8). ABSTRACT Process for El ectron Beam

Li t hography, and Electron-Optical Lithography System The present
invention relates to a nethod for el ectygppn beam Iithography which consists
of a conbi nation of electron beam projection |ithography and el ectron beam
witing. In a first step, the exposure of the substrate takes place by

i maging of a mask (8). In a second step, structures not present on the
mask are WABST®RAQGHT the substrate by electron beam witing.. The invention
furthernore relates to an el ectron-optical |ithography system which can be
used both for projection |lithography and for electron beamwiting, The
system has,a projective systemby neans of which a mask plane (8) can be

I mged on = Rroerd =SBtk AMRQEFARNY, alhne (16). The system
further nor - j il lum nation system by neans of which
sel ecti vel%% 0 ‘ﬂc O BLe mask plane (8) can be illum nated

or the electron beam can be focused in the mask plane (8) or can be shaped
to a desired beamprofile. Figure 1

The present invention relates to a method for electron beam
lithography which consists of a combination of electron beam projection
lithography and electron beam writing, In a first step, the exposure of the
substrate takes place by imaging of a mask (8). In a second step, structures
not present on the mask are written on the substrate by electron beam
writing. The invention furthermore relates to an electron-optical
lithography system which can be used both for projection lithography and
for electron beam writing. The system has a projective system by means of
which a mask plane (8) can be imaged on a reduced scale in a substrate
plane (16). The system furthermore has an electron-optical illumination
system by means of which selectively either a large field in the mask plane

- (8) can be illuminated or the electron beam can be focused in the mask
plane (8) or can be shaped to a desired beam profile.

Figure 1




