20 Jul'y 2005 -1 Process for plectron BeamLitho rah and Electron-Optical

Li t hography System Two different nethods are used in elecbbgm

| it hography, nanely electron beamwiting and el ectron bean1gr01ection
lithography. In electron beamwiting, the substrate is sequentially
exposed by nmeans of a focused el ectron beam wherein the beam either scans
in the formof lines over the whole specinen .and the desired structure is
witten on the object by correspondi ng stopping-out of the beam or, as in
the vector scan nethod, the focused el ectron beamis guided only over the
regi ons to be exposed. Electron beamwiting is distinguished by high

flexibilit vo | ]he cirguit geonmetries are stored in the conputer and
can be o : el DERIN

asiegraphyw and hi gh resol utions can be
attai ned EM-BOACOLPRP oW ince electron foci with dianeters
smal | er than ' tH

: NN ":5'-51 tained wth sinple el ectron-opti cal
I maging system However, it

I s di sadvant ageous that the process is very
time- consun1n&, due to the sequential, pointwise witing. Electron beam
¥
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ired 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 onfy- 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
Wting is therefare at present mainly used for the production of the masks
required in projection lithography. .
Electron bearn writers are based, as regards equipment technology,
 onscanning electron microscopes, which are as a rule considerably simpler
than transmission electron microscopes. In addition to the usual
- components for a scanning electron microscope, all that is further required

15 a so-called beam-blanker, by means of which the electron beam can be




_2_deflected onto a diaphragmin order to switch the el ectron beam "of f'
at the places which are not to be exposed. In electron b%ryu&rﬂjogction

| i t hography, analogously to optical |ithography, a |arger portion of a
mask is illumnated sinultaneously and is inaged on a reduced scale on a
waf er by neans of a projection optics. Since a whole field is inmged

simul taneously in el ectron beam project?en |ithography, the attainable

t hr oughput s .can be nar ke‘dlﬁ: hi gher in conparison with el ectron beam
witers. Aéflectad ontnea déapheagmin ardests sofitchufnoeleerosch&iacorPtaRki cal
syst ens, g,?f;ﬁ/ subfi,el ds of the nmsk, of size about | mmx 1 nun, can be

si mul t ane L% emokia beiaxpasedal e on the wafer. For the exposur e of
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proj ecti LIRGs t he wafer the,el.ectr fpcus arising in
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that a coReuperiedeiection-apticad systamsy, drily seidields bithe HRadle dfaigaposed.
The prepaa%%’tl n_of custoner-specific circuits in small nunbers is not
econoni c, é’ég‘tggnd‘f ARy ﬁﬁgﬁp%ﬂm@t@mmlgmmmmumdme 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 system 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
ﬂjen 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 cireuits in small numbers is not
economic, because of the high costs associated with mask production.
A known intermediate form between electron beam writing and




A known internedi ate form between el ectron beamwiting and 20 July 2005 -3
el ectron beam projection lithography is witing with a Sh?ﬁ%& %bsgtron
beam |Instead of a focused el ectron beam the profile of &I%Ctron beam
i s shaped using a diaphragm and the diaphragm is projected onto the
substrate to be exposed. The di aphragm apertures have standard geonetric
shapes, the overall pattern to be produced on the substrate then being
conmbi ned from these geonetric standarg shapes. This variant thus nanages
wi t hout specific nasks, but is only stightly faster than witing wth a

focused el ectron beam and is_markedly slower, than el ectron beam
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“beam befwith a EE@Clpﬂmhele@trarhbeams 5 tdrkedty slower than electron beam
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 focus or of the shaped el ectron beam by neans of a deflection
system 20 July 2005 -4- Electron beamwiting takes pl acey aﬁ%\[?\ﬁl ng to a
first enmbodi nent of the invention, by nmeans of an el ectron B'e m whi ch is
focused in the substrate plane. In a second enbodi nent, the electron beam
witing takes place with an el ectron beam shaped by a di aphragm the

di aphragm t hen havi ng regi ons whi ch have standard shapes and are

transm ssive for electrons. Both steps of the conbination according to the
i nvention can of course be carried-ocht one after another with nultiple

iterations, f he . exposur.e of, larger fields on th ubstrate. Sipce both
steps are carf€ Ogthearﬁwﬂﬂpgitﬁkﬁsﬁ’ g5t %Qﬁ@%ma%ﬁﬁma? s, no
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aspect ghbktratd plat. ilan stbené embodiment etheaeleetrent beamoplrithad takédogr aphy

systemw th an el ectron source, a condenser system _a mask plane provided

behi nd phece svitla meeelesitarcheamnsbaped by ecdiaphragis, dhewdiaphragm then t he
mask pl ane.and can _be excited such that ;t he mask pl ang can.be i ed on a
reduced v Tegians piuch fave) staadand shates A, 0 BRBRIB VR IoE of
control oRyg to change over the condenser excitation and/or deflection
such that a snmall focused or shaped beamprofile is produced in the nmask

pl ane, wher eBotla stept asft ithe cambueiion scordiny ot tiee Anveatibhveanysf em can

be driven such that, a focused or shaﬁled el ectton _beamwi th a smal|l beam

prof i | ecoursepbebcarriad 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.




the substrate plane along stored or- conputed paths, and wherein a mask
tabl e arranged in the mask plane is operable to displace gonaﬁgogéranged
on the mask plane in nutually perpendicular directions. 2 f 05 -5-
Differing fromthe |ithography system known fromU. S. Patent 3,876,883, in
the |ithography system according to enbodi nents of the invention, with the
el ectron beam focused in the nmask plane, the electron beamis scanned with
the projective scanner. For this purpose, the protective scanner is
coupled to a pattern generator which produces the structures to be
witten. The condenser deflecting systemis constantly driven in this node
of witing so that the electron beanfcan pass through a hole in the nmask.
In an advantageous enbodi nent of the invention with a nulti-stage
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pref erably provi ded between the condenser | enses. This field _diaphragmis
then arrangel ian adpaniageows embagdiment oplshe onveatiepuwith- 2 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.




si de object plane of the |ast condenser |ens and consequently is sharply

i mged in the mask plane by the | ast condenser lens. 20 JEbﬁu@Q@éS'G' I t
shoul d be nentioned at this point that the changeover between‘the witing
node and the projection node takes place by a change of the excitation of
the first, source-side condenser |enses,, or by targeted deflection of the
el ectron beamonto a diaphragmin the condenser and that excitation of the
| ast condenser |ens preceding the mask plane, is constant in both nodes,
so that the focal planes and the entt§-and exit inmage planes of the |ast
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| ens, oolfyhe hastebhdenser lemsearefixed & Hetl nwidesof this |lens being used for

the imagi ng of the electron beam Although this may appear at first sight
to be over-dinensioned, since only the entry-side partial field of this
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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




needs only two condenser |enses and two condenser-objective single field
| enses, and both condenser-objective single field | enses ?6gu§%%%5a
substantially identical construction and are to differ only as regards a
| inear scaling factor which corresponds to the imagi ng scal e between the
mask plane and the substrate plane, an advantage results in the first

pl ace as 20 July 2005 -7- regards production technology. Wth a
geonetrically simlar construction of both condenser-objective single
field |l enses, there furthernore restTs a correspondi ng geonetri cal

simlarit f the, magnetic¢ fiel ds _of both rojection lenses, so that the
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a nmask singhe ¢fedd dohsesisrdtobeadpdrated with ehdtuaibparwedred galanization of her by
webs. SUCCESSi ve different, subfields can then be unifornmly illum nated by
the defthsctacsising magnefie ficldsh beam by means of the deflecting system

provided in the condenser, and can be successively projected, spatially

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 |




adj oining each other, by suitable return deflection of the el ectron beam by
the deflection 20 July 2005 8 systemin the projective sysjye), Jdog mask
ftut hennore preferably has hole~ in the webs, having a dianeter greater
than the dianmeter of the el ectron beam focused by the condenser. The

el ectron beamin witing node is then deflected onto these holes, so that
the el ectron beam can pass through the. gmask unhindered. A  suitable
arrangenment of the holes furthernore permts | east a coarse - adjustnent of

t he mask tdR iR RS D g Ltionally, for the sequential exposure of
fine structures or ustoner-specific structures, the el ectron beam focused

in the nnk pl aifke-maskfufthensdrepeeferablyl has hokds inl theawebsdtavhgcour se al so

serve -for_the adjustnment of the subfiélds of the nask relative to the

subst r at e diamsser grenterthamthe diagmeter iafdbeicleatren beaneausedbstheat ent
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el ectron beam stinul ated net al I on, and can thus be used for nmsk

repair. Shitableamangenwrtiofghehdlbe furtheninope pesntitist ldast angaished as a
whol e by very flexiple possibilities of use. The invention is explained in
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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;




the electrort-optical l|ithography system Fig. 2 shows an enbodi nent
exanpl e of a mask used in the mask plane in connection V“.be!uﬁ%os

| i thography systemof Fig. 1; 20 July 2005 -9 Fig. 3 shows a diagram of the
conposite image arising after sequen- tial projection of the mask of Fig. 2
in the substrate plane; Fig. 4 shows a schematic diagram of the

i1 lum nation-side portion of a secong _enbodi nrent exanpl e of a Iithography
system ac- cording to the invention; and Fig. 5 shows a view of a field

di aphragm used with the |ithography . system accordi na to. 4&i The
enbodi nent exéigpBehowsee Hiagresh ap Ke YRS EHINRES W’%in@.aﬁgélg%egilea{‘n el ectron

source (1), for exanmplg_ jn_the.for ' e ) & LaS6
cat hode, and a nu|ti-s§358f‘5§8§%‘éﬁ??ﬁﬂé %ﬂ]ﬁggﬁ'gﬁmﬁ‘n@bﬁﬁg el eCtron source.
The el ectron SEUEGH G kfhihatk WiagiAadfthe iHuniiangen-siderpo a
first node ofls%geration wth relatiVely large-surface emssion at__high
current (for the proj esedord embodiznent £x a®f QreR %SSW‘“"
directional beamvalue (for the w.iting node). The multi-stage condenser
system contains two socewlingtedhgdgnention; @ides (2a, 2b), and al so,

fol |l ow th t e-Sj ' y hect i
Sing e i el dEeAsREr s Byiew Gt ARl hafd VIERIERIRGRraPh Tt | ve
sour ce-si de object pl %eﬁ{ a@g&d@ﬁgté'&( 4.(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 |ens

bl anker, 1 5 prbe Fand R amBle Sf agfihoghaply Bsitin sHoRf fektghd bear
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 a 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,




di aphragns, and serves to deflect the electron beamonto the el ectron-

| nper meabl e regi ons of the aperture diaphragm (5); to smA pleglectron
beam of f. Furthernore, a condenser deflection system (6) |s provided in

t he-source-side focal plane of the condenser-objective single field |ens
(7, 20 July 2005 -10- 12), and serves to deflect the electron beamin a
targeted manner fromthe optical axis<jigso that the electron beamruns
parallel to the optical axis and thereby illum nates different subfields
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mut ual Iy perpendi cul ar directions kew se can constitdted as a
doubl e detleflection sygtamanin ;macmae,lm deflection siystemcapal§d be. This | ast

proj ecti oL@l hoa S30bld Soeion Systan, which makes possible a
- deflection of the electron beam in two mutually perpendicular directions
with a virtual trensition point which coincides with the source-side focal
point of the condenser-objective single field fens (7,12).
On the projective side, a projector deflection 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-objecﬁye single field lens (15) is inverse to the magnetic




the pre-field of a second condenser-objective single field |l ens which has

the sanme .geonmetry as the first condenser-objective singh Jqu¥leens
(7,12), but which is however nade smaller by a |inear sca ina act or
corresponding to the inmaging scale of the electron beam pencil in both
condenser-objective single field | enses. The nmagnetic field direction in
the pre-field of the second condenserddbjective single field lens (15) is
inverse to the nmagnetic 20 July 2005 -11 field direction in the after-field

(12) of tWeldlidisactiomitetineaftonfiet (129 ¥ st Ebghghdcsiosdyd lgra por{{ on
of the off:i Ils error coefficients of both I'enses Is co ensate&% The beam
pat hs shodi$ éll\eli‘frté.o that g parsion efthe ofigixinenongeefidentsof bowh lessesiis f er ent
nodes of ggﬁ{cﬁéﬂsg &f the el ectron-optical system In the projection node,-
the two sour e-3|g% ‘condenser .l enses (2a, 2b) are excited in conmon so
that an i mage Ph - d i f .the_crossover
of the electron g?ﬁgggbﬁﬂils;ﬂlibnvgggg@ﬁﬁ % #éalggtér @E@%@@éﬁ%ﬁe%eﬁ'@ of the

| ast condélie twol differér nmdtstdfl@draﬁbhq)f&ﬁgreqm%pt{@@ggs@ﬁne of the

first condenser-qgbjective singlé field lens (7,12). *A substantially
parallel ill ue'm{lhﬁ'\én pRejectiomeaeds, the twinsatiice-side condenperlenses)2a, ab) t hi s

1o of - RSk i A5ataK B RLP B of Sl Roum o i Lo
et eSPelg, 8 okt Ve {RcH ol A o b o
ol o et e oo e iets ()36 i BT QuLARCORILET o e
cfspi ace PRRL At of e B G0ndensenyobjective singledislddens (5118hch y
el ect r on-gMgt&ibially paratlel 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 Jarger fields.
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 is adjustable In this mode of operation by a change of




system in order to thereby make possible the exposure of larger fields.
The two partial fields (12.15) of the condenser-objectiveoipy gleld

| enses which formthe projective systen1forn1a tel ecentric 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
iIllTumnated in the mask plane (8) is then determned by the size of the
aperture of the field diaph (3). The illum nation aperture is adjustable
in this node of operation by a change of 20 July 2005 -12 the individual
excitations of the two first condenser.lignses (2a, 2b), which together
forma zoomsystem Wth a change of the illumnation aperture there

consequent f : , , $eldh t hat
bot h condehée#‘%ﬁ%@%éﬁ@g‘% h% %&3%&%@&@% rlgﬁg? &r?ég]ﬁg of the
source (1)4 ﬁ%ﬂ\&f fdrn® aCiRR Eem' rWiﬂ?a @ﬁtd*@iﬂhuainaﬁlmapﬂ'mﬂ@e pre-
field (7) he condenser-objective single field |ens. H@

changi ng ottereicohseqhiently |take@ginmaea chahg e nfehesindividig) E@ﬁﬂltﬂ nst%?h

sour ce-si de condensér | enses I s chang d and in fact such t

blot h copdeﬁwgoqtlhgg@mgéimsgﬂfE%)etcg:thﬁﬁg ays £RBULR AN S the
T

e mgi rifestaiee (b Sl soovel W MR RS IRERC R PR i pre

changeover gy Q%Tfttﬁﬁé Heﬁ@?i}lb%% |mage E@fdflé@g 9709 of the condenser -

obj ective sing ens e el ect ocus arising in the
field di aphrag@m Ichaﬁgiﬁg over dnfd thewakting madé&)nl)athﬂ ekeitalion

prOJectlve systeminmages this el ectron focus on a reduced scal e int the
substrat e twaseurce-side condenser lenses (2a, 2b) is changed, and in fact such t
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 system 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 control systemfor the electron-optical. system |s schematically
shown on the right-hand side of Fig. 1. The control of th%oghﬁgkmgn-optical
. conponents and of the associated control =its takes place by ans of a
host conputer (20). This host conputer (20) controls the control system
(21) for the source-side condenser |enses (2a, 2b). The host conputer (20)
furthernore controls the control syst-€kd= (22) for the condenser deflection
system (6), the control system (24) for the reticle table (not shown), the
control Ss&&g!ia“fﬁéﬂﬁ])enfspanﬁfthel@bﬁh@ﬂtsgrywﬂgiﬁ)%b ithe veafet eablel(fbt t 1w control
system (27) for the projective systém (12,,” 13). including the |ast
condensershawn} Thediost somputed faythetmore eoniralsia changeovee devica (23)

condenser:o0hjective 20 July 2007 -13 single field Lens, ,and {.he control
system(z@)"%SF ng%{ggﬁe%né%eprét %Hﬁ’o@ﬁgﬁﬁl?f‘)?ﬁ%&m{m%ﬁﬂ F'f urt her nor e

controls @}3@9@5 r device (23) for the changeover between the t.w o
nodes of %eperatlo znd a pattern generator (25). The pattern generator

(25) is deact Timtpattérh gorerdior (F) iPdeatiivated!in thegojaitionicsdd.oThehe

el ectron-optical conponénts then generate the control” and regulatin

si gnal s f@Mtreldiunitgifor theelectpreoptical componertssbppl gancrata the @m@qbg the
oo’ | enoodhd tedilinling; pBale 2 o Srdiidhabfput AP B A PRI me ke and
the waf ' |t , .
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pl ace i n apticed ebgraents $ich agldreds andcdefiédord, oT h@@gelﬂﬂﬁﬁhidﬂthe/%ﬁbws

posi tioni of the mask and wafer, one or nore subfields of the nmask are

n
first i méf@gah% andthenaifes enchalsa theis position 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 wafer, 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




waf er and the wafer is correspondingly exposed, an axially-parall el
illumnation in the niask plane (8) being ensured by corrgﬁﬁ?QQkﬁg contro
signals for the two' source-side condenser |enses (2a, 2b). er the

conpl etion of the mask exposure, the control unit (21) for the two source-
si de condenser |enses (2a, 2b) and the control unit (22) for the condenser
defl ection system (6) are set by a conjjol signal of the host conputer

(20), so that an imge of the electron source (1) arises in a free opening

2 anch) R B 7 A ol a8 T Rl oy, e
e ef { hebffis nOWSRERAIM B il wIPUR Rt o deecdnn ygnty to thg mado,

of the bepiaddsarfdbic subntchté pehidhiare ng befexpusedpanddhebeam bkykdoid) ise ' or
defl ection system PrOW 20 July 2005 -14 (14) take place by ans, of the
pattern gEwementarifpdeactivated fonsxposnustWhen theexpesursis sempletsd.gui ded,

usi ng the leGctiv flectio to o] trate

whi ch. ar o e SR Ak e08 ity aPC AN BRE Mo ey B O REnshEL Fn AR

deacti vat ke \ khekessk and the
waf er ar egggéﬁ%r m@eéﬁgﬁg?ﬁ/ﬁ%@gﬁﬁ%e?ﬁgﬁbggaw?ﬁgm%sequent exposur e
or i magi nplade.t he next subfield of the mask takes place. A view of an
exenplary mask is sho in Fig. 2. This mask ha l% squar e

subfiel ds (9),Ae/igwsof anexe Wism@iﬁgﬁ%%ﬁsé 41 om each

Suni 1 el s R 8 st BpRBATS B am el R PR gl oAl
separated from each other by webs (10) situated between the subfields (9).
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 gystem (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.




structure to be exposed. Between a respective four subfields (9), the
separating webs (10) have through holes (11), the di anetekyof, gh S
chosen so that it is greater than the dianeter of the electroﬁ ocus in the
mask plane (8) for the focused el ectron beam For electron beam projection
l'i thography, the two source-side condenser |enses (2a, 2b) produce an

I mge of the crossover of the electrcwx gource (1) in the front focal plane
of the |last condenser lens (7) so th an axially parallel illumnation of

1 un nat i on ASIEER Bffics i she WHERETRORCo Y MOsPPerPEEETe s &l o
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the el eGldRintlliex oﬁa}ebfﬁh%%gﬁ&kcon d A Afforisin Eh/e ktbfielianged

excitation sour ce- Si en (2a, 2b), the projection

optics ( 1(2) 15’prmhmcpuqsoﬂe, the¢ blecshsbeands mleﬂ@ete(dLb meamoééme el ectron

beam which can ided with the co de ser, defl ection s for the

sequent i aﬁoréfﬁikﬁ@ N RYSEm6) 80 edﬂﬁ?‘ﬁ@ﬂ {es %5 ﬁH’ ("‘rﬂzi2

of the coudhes ﬂ%&%ﬁb%ﬁ‘@m&%@s@%ﬁ% WRP dprlfler A ) cees

| En[w ?ﬁgh thesugh Hdles (TTyoiuatheinngE (BYitlonl) ihSignificantly gheatel thahdhdi anet er
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 regpective 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




t hrough holes (11) in the mask (8) is only insignificantly greater than the
di ameter of the focused electron bear n, or if a suitablegrgigpgent of
the holes is provided as a hol e code, for exanpl e anal ogous to a bar code,
the signal passing through the holes can also be used for adjustnent of
the mask relative to the optical axis of the electron beam for exanple by
scanni ng over the hole edges. Respectiye four mutually nei ghboring
subfields in Figs. 2 and 3 have a réé%gbtive t hrough hole (11) provided in
their center d are given the sane hatching. A respective four subfields
with the Eﬁ?iﬁdﬁatchl ng are successively inmaged by neans of a.purely el ect
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hat chi ng have been projected, the pro uctlo fine st u e takes
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bet ween the four subfields. A nmutu di spl acenent
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t he enbodiouestagxaondenidt ﬁmovﬂdedia@aaﬁyﬁntdﬂthetﬁmméﬁrmﬁ&tther nFig 4
whi ch correspond to those in the enbodi mrent exanple of Fig. are given

the same AE tens(R6) besveen the wgtmcwldmcamﬁmdense&\é’@a 2bhe two
o BB orapacon ot Ui BBt oF AR BRRRREE™ '
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




condenser lens (2c) between the two source-side condenser |enses (2a, 2b)
and the |ast condenser lens (7) (formed by the pre-field of jlyeopgndenser -
objective single field lens (7,12)). A nodified field diaphragm (3) is
arranged in the main plane of this further condenser lens (2c), and has
further decentralized structures (17a, 17b, 17c, 19), in addition to the
central opening which defines the fleh? of the subfield (9) to be
illumnated for mask projection. The i Fum nation in the illum nation
field dlaphragn1(3 S I|n1ted by a suitable precedln dlaphragn1(20) such
that onl y Sibsequently smaged s @édumra&cog denseians Wl'-l ARAGMEINGan t he

The. opti carBgfatstuel o1 reteiably VR phiagite: ﬁ%laqﬁ o PR R D onser

| ens (2c) gi g@@&% th t he
sourcc(a s?geﬁe p ésﬁgegp@élrgltaﬁggf%géﬁé ensgeﬁsgﬁg S or with the
pre-field of theﬂﬁseﬁﬁm@m@m@cﬁmpe %h@@l&trdnbéﬂlﬂ,eﬂ%r(tﬂetbhdﬂﬁienflel d

di aphragm ])%ls thereby i maged in the mask pl ane (;29 in the projection
node. - APCt{hepsejest pnrﬂaquswe,eaamgeﬂleﬂﬁctadeby&mw electogtfie of Fig. 1,
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about | backmelnedatﬁcmommﬁtmro ticee] iaixdi, m@ntaﬁtMepﬁeaBaxlshgam,lﬂy 1, in

the sourc e focal plane, of the | ast condenser. |ens I'n this

enbodi nen g pRwes ofthend ditlomal aondensardens rﬁ&hﬁﬂ@@ﬂ'leﬂ)mtl'h@
proj ecti Oﬁo%f)eoagﬂgchﬁgygt%nq ?éa, t)ect‘h@/elegt% 'agrpesll'ueaCte § Febfred by

the off-axis openings (17a, 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 mode,
the beam crogs section is defined by the shape of the selected off-axis hole
(17, 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




defl ection system (4) onto an off-axis opening of the field diaphragm (3).
The el ectron beamtransmtted through the off-axis openlngouggq§;gected
back in the direction of the optical axis, and onto the optical axis again,
by the refracting power of the additi onal condenser | ens (2c) together
with a double deflection system (6a, 6b). The el ectron beam shaped as
desired by the off-axis openings (17&,i8L7b, 17c), can subsequently pass
unhi ndered through one of the through holes (1Z) of the mask-(8).

Anal ogous lillutriinktien f@élﬁccﬁﬁgahea%ﬂl @%ﬁ‘%‘dr{)ﬁe ?B&Wé&’b@bytﬂh% dlatgosiagecd

el ectron beam IS I sequent projective’system no | onger
shown in eCilOnIEmSg?mt(é V\Shﬂma airk sphnnmgoﬂth&adebﬂ‘oub&tﬂd is dlesiredpl ace
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the imge a@it;gn ¢nger lens W‘l@ﬁbeﬂﬁﬁts 0§ €ar e
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by the el adjusd:asb]atindmd@fal@éﬁse@nmtv@@‘ﬂlﬁhoww&r@n%lhﬁ%%ﬂ@éé"g of the
el ectron b gm is desired. The invention has been describ usi ng the

embodi men® Iaest, since no use is made of an independent setting of the two
lenses, and it leads to pooter imaging performance.




~ herei nabove, for the case in which the |ast condenser lens (7) is
constituted in comon with the first projective |ens -(12) 093] 3005

"9Condenser-object|ve siingle “field | ens. However, anadvar age us enbodi nent

exanple is concerned here. Alternatively to it, t he | ast condenser |ens
(7) and the first lens of the projective system (12) can al so be
respectively constituted as independently adjustable individual |enses.
Thi s woul d however entail a needl ess aggitional cost, since no use is nade
of an in %dent setting of the two I&nses, and it |eads to poorer

I magi ng rmance. 20.July 2005 -19 CLAIMS: 1. Electron-optical
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3. Electron-o thograpny system accor ere n
the 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).




condenser has a deflection system (6). 4. Electron-optical |ithography
system according to one of clains 1-3, wherein an iIIuni@@Uh dbgeld

di aphragm (3) is provided in a plane conjugate with the nask plane (8). 20
July 2005 -20 El ectron-optical |ithography system according to one of
clainms 1-4, wherein the |ast condenser lens (7) and the first projective

l ens (12) are fornmed by a condenser-ofgfjective single field |l ens and the
mask plane is situated in the gap center of the condenser-objective single
field lens, 6. Electron-optical |ithography system according to one of
clainms 1-5, wherein a second condenser-objective single field lens is

provi ded Sand El@bﬂ“@n@ﬁéﬂ%&@@?ﬁﬁﬁ? is%‘@teln.@ aecartfing tbl@wd opolabpisilecd)
| i t hography system according t e of clains 1-6, wherein the grOJectlve
syst em (12, 15)whereipdhatlast conderset berenf7) ietrd thestizsiy vedensdid) de

ocal 1o SRUSLAER M Lo Tl RLERE RS MRl ul e ot
El ect ron- opt i Gy his - f el A iEacLs
R N LR L i R E Rl

proj ective sydiedledg, 15) renai ns unchanged on changi ng over the condenser

excitation. 9. Electron-optical |ithography system according to one of
claims 1-8, wherein, in the electron beamfocused in the nmask plane (8) or

shaped be} or @ 8RSl Rlal Winof iy by iEbh et o Briehf B,
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




t akes pl ace exclusively by nmeans of the projector deflection system 20 July
2005 -21 (14), and the condenser deflection system (6) hagoggagk@gt
excitation. 10. Electron-optical |ithography system according’to one of
cans 4-9, wherein the illumnation field diaphragm (3), has off axis
regions transm ssive for electrons and of different shapes for shaping the
beam profile of the electron beam 11..Pse of an el ectron-opti cal

| i t hography system according to one of <clains 1-10 for the repair of a

faulty mask (&g iy ﬁh@@%@ggg%&gg@%@%@g%%@méﬁi&@fdrﬁct ed by

a deflection s emto the t to be repaired. 12,
Met hod of el ectron beam|ithography, in which in a first step a mask (8)

subst r at & 1016) PleGmE R HOGMAORIAP AT 555550 SREOLLIDS 1@ RR OECRE 40t 1 on

arranged (n « anete PEaluihinasdeasgiP Fabnr i o REodam i n the.
| f th . ' ' b

before t he pl aspthsife (8-S M LEEMAEAL shepls orehdping gy rar

of the shaped wemitprofilbefithdyglectiaiseoh, a deflection system (14), 13.

Met hod according to claim 12, wherein the mask has subfields (9, 9a, 9b,
9c, 9d) separated from each other by webs (10), and wherein different

subO. el dsq{ 9, s iyely iLlLum ~.defd ection of
t he el ect %%n gg%emg%n%g%@%‘??’ﬁamﬁﬁﬁ%ﬁs%%% %@?@g %(%1% &
claims 1-10 for the repair of a 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




-22 provided in a condenser system (2a, 2b, 7), and are successively
projected, mutually spatially adjoining. 14. Method accor@on‘mytﬁ)@I aim 13,
wherein the webs (1.0) have holes. 15. Method according to claim 14,
wherein the dianeter of the holes is larger than the dianeter of the

el ectron beam focused by the condenser. 16. Method according to claim 14,
wherein the dianeter .of the holes is .PR&rger than the greatest dinension of
the beam profile of the electron beamin the plane of the nask (8).

provided in a condenser system (2a, 2b, 7), and are succesgively
projected, mutually spatially adjoining.

14, Method according to claim 13, wherein the webs (10) have holes.

15.  Method according to claim 14, wherein the diameter of the holes is
larger than the diameter of the electron beam focused by the

condenser.

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). '






