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(57) ABSTRACT

The mvention relates to an electron beam exposure apparatus
for transierring a pattern onto the surface of a target, com-
prising:

a beamlet generator for generating a plurality of electron
beamlets;

a modulation array for receiving said plurality of electron
beamlets, comprising a plurality of modulators for
modulating the intensity of an electron beamlet;

a controller, connected to the modulation array for indi-
vidually controlling the modulators,

an adjustor, operationally connected to each modulator, for
individually adjusting the control signal of each modu-
lator;

a focusing electron optical system comprising an array of
clectrostatic lenses wherein each lens focuses a corre-
sponding individual beamlet, which 1s transmitted by
said modulation array, to a cross section smaller than
300 nm, and

a target holder for holding a target with 1ts exposure surface
onto which the pattern 1s to be transferred in the first
focal plane of the focusing electron optical system.

131 Claims, 8 Drawing Sheets
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1
ELECTRON BEAM EXPOSURE SYSTEM

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

Notice: More than one reissue application has been filed 10

for the reissue of U.S. Pat. No. 7,091,504. The reissue appli-
cations are application Ser. No. 12/189,817 (the present
application), Ser. Nos. 13/343,036, and 13/343,038, all of
which arve divisional reissues of U.S. Pat. No. 7,091,504.

The present patent application 1s a Divisional of applica- 15

tion Ser. No. 10/699,246 filed Oct. 30, 2003, now U.S. Pat.
No. 6,897,458 which 1s a Non-Provisional of Provisional

Application No. 60/422,758 filed Oct. 30, 2002.

BACKGROUND 20

Several kinds of electron beam exposure systems are
known 1n the art. Most of these systems are provided to
transier very precise patterns onto an exposure surface of a
substrate. Since lithography features are pushed to become 25
smaller and smaller following Moore’s law, the high resolu-
tion of electron beams could be used to continue the drive to
even smaller features than today.

A conventional electron beam exposure apparatus has a
throughput of about Vioo water/hr. However, for lithography 30
purposes a commercially acceptable throughput of at least a
few walers/hr 1s necessary. Several i1deas to increase the
throughput of an electron beam exposure apparatus have been
proposed.

U.S. Pat. No. A1-5,760,410 and U.S. Pat. No. A1-6,313, 35
476, for instance, disclose a lithography system using an
clectron beam having a cross section, which 1s modified dur-
ing the transierring of a pattern to an exposure surface of a
target. The specific cross section or shape of the beam 1s
established during operation by moving the emitted beam 40
inside an aperture by using electrostatic deflection. The
selected aperture partially blanks and thereby shapes the elec-
tron beam. The target exposure surface moves under the beam
to refresh the surface. In this way a pattern 1s written. The
throughput of this system 1s still limited. 45

In US A1-20010028042, US-A1-20010028043 and
US-A1-20010028044 an electron beam lithography system 1s
disclosed using a plurality of electron beams by using a plu-
rality of continuous wave (CW) emitters to generate a plural-
ity of electron beamlets. Each beamlet 1s then individually 50
shaped and blanked to create a pattern on the underlying
substrate. As all these emitters have slightly different emis-
s1on characteristics, homogeneity of the beamlets 1s a prob-
lem. This was corrected by levelling every individual beam
current to a reference current. Correction values for the mis- 55
match are extremely difficult to calculate and it takes a sig-
nificant amount of time, which reduces the throughput of the
system.

In Journal of Vacuum Science and Technology B18 (6)
pages 30613066, a system 1s disclosed which uses one 60
LaB.-source for generating one electron beam, which 1s sub-
sequently, expands, collimated and split into a plurality of
beamlets. The target exposure surface 1s mechanically moved
relatively to the plurality of beamlets 1n a first direction, the
beamlets are switched on and off using blanking electrostatic 65
deflectors and at the same time scanning deflectors sweep the
beamlets which have passed the blanker array over the target

2

exposure surface in a direction perpendicular to the first direc-
tion, thus each time creating an image. In this known system,
clectrostatic and/or magnetic lenses are used to reduce the
image before 1t 1s projected on the target exposure surface. In
the demagnification process at least one complete intermedi-
ate 1mage 1s created, smaller than the one before. When the
entire 1mage has the desired dimensions, 1t 1s projected on the
target exposure surface. A major disadvantage of this
approach 1s that the plurality of electron beamlets together
has to pass through at least one complete crossover. In this
crossover, Coulomb interactions between electron in differ-
ent beamlets will disturb the 1mage, thus reducing the reso-
lution. Moreover, due to the strong demagnification of the
image, the area that 1s exposed at one time 1s rather small, so
a lot of water scans are needed to expose a die: 16 scans are
needed to expose one die, requiring a very high stage speed
for reaching a commercially acceptable throughput.

In GB-A1-2.340.991, a multibeam particle lithography

system 1s disclosed having an i1llumination system, which
produces a plurality of 1on sub-beams. The illumination sys-
tems use either a single 1on source with aperture plates for
splitting a beam 1n sub-beams, or a plurality of sources. In the
system using a single ion source, the aperture plate 1s pro-
jected (demagnified) on a substrate using a multibeam optical
system. The system furthermore uses a deflection unit of
clectrostatic multipole systems, positioned after the multi-
beam optical system, for correcting individual imaging aber-
rations of a sub-beam and positioning the sub-beam during
writing. The publication does not disclose how each sub-
beam 1s modulated. Furthermore, controlling individual sub-
beams 1s a problem, and maintaining inter-sub-beam unifor-
mity.

In Jpn. J. Appl. Phys. Vol. 34 (1993) 66896695, a multi-
clectron beam (‘probes’) lithography system 1s disclosed hav-
ing a specific ZrO/W-TFE thermal emission source with an
emitter t1ip immersed 1n a magnetic field. A disadvantage of
such a source 1s 1ts limited output. Furthermore, this source
needs a crossover. The mutual homogeneity of the ‘probes’ 1s
not further discussed. Furthermore, the intensity of the source
1s a problem.

The article furthermore 1n a general way mentions a writing,
strategy 1n which a stage 1s moved 1n one direction, and
deflectors move the ‘probes’ concurrently through the same
distance perpendicular to the direction of the stage move-
ment. A further problem, not recognised in this publication, 1s
correction of deviation of electron beamlets from their
intended positions.

SUMMARY OF THE INVENTION

It 1s an objective of the current invention to improve the
performance of known electron beam exposure apparatus.

Another objective 1s to improve the resolution of known
clectron beam exposure apparatus.

Yet another objective of the current invention 1s to improve
throughput of known electron beam exposure apparatus.

Yet another objective of the current invention 1s to over-
come the problems related to Coulomb interactions and the
demagnification methods in the prior art.

Another objective of the current invention 1s to simplity
controlling uniformity of beamlets, especially during writing.

The invention relates to an electron beam exposure appa-
ratus for transierring a pattern onto the surface of a target,
comprising;

beamlet generator for generating a plurality of electron

beamlets:
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a modulation array for receiving said plurality of electron
beamlets, comprising a plurality of modulators for
modulating the intensity of an electron beamlet;

a controller, operationally connected to the modulation
array for individually controlling the modulators using
control signals;

an adjustor, operationally connected to each modulator, for
individually adjusting the control signal of each modu-
lator:

a focusing electron optical system comprising an array of
electrostatic lenses wherein each lens focuses a corre-

sponding individual beamlet, which 1s transmitted by

said modulation array, to a cross section smaller than
300 nm, and

a target holder for holding a target with 1ts exposure surtace
onto which the pattern 1s to be transferred in the first
focal plane of the focusing electron optical system.

In this apparatus, electron crossover could be avoided, as 1t
does not demagnily a complete (part of) an 1image. In this way,
resolution and writing speed increases. Furthermore, 1t avoids
the needs to control the current 1n each individual beamlet.
The apparatus 1s less complex as the position correction and
modulation are integrated.

In an embodiment of an electron beam exposure apparatus
according to the present invention, said modulation array
COmMprises:

a beamlet blanker array comprising a plurality of beamlet

blankers for the deflection of a passing electron beamlet,

a beamlet stop array, having a plurality of apertures aligned
with said beamlet blankers of said beamlet blanker array.

In this way, 1t 1s possible to avoid crossover of electron
beamlets 1 one single focal point, and make high-speed
modulation possible. In an embodiment, substantially every
beamlet blanker 1s aligned with an electron beamlet, in order
to make 1t possible to individually modulate every beamlet.
Furthermore, the beamlet stop array comprises at least one
plane of apertures, substantially every aperture being aligned
with one beamlet, preferably with an aperture centred with
respect to a beamlet. In this way, a beamlet passes an aperture
when an electron beamlet 1s not deflected, and a beamlet 1s
blocked or stopped when the beamlet 1s deflected. In an
embodiment of this modulation array, the controller 1s opera-
tionally connected to said beamlet blankers.

In an embodiment, the electron beam exposure apparatus 1s
turthermore provided with measuring means for measuring
the actual position of at least one of said beamlets, and the
controller 1s provided with memory means for storing said
actual position and a desired position, a comparator for com-
paring the desired position and the actual position of said
beamlets, and wherein the adjustor 1s operationally connected
to the controller for receiving instructions for adjusting the
control signals 1ssued to the modulators to compensate for the
measured difference between said desired position and said
actual position of said electron beamlets. In this way, by
adjusting control signals, positioning of the beamlets can be
corrected 1n an easy way. Measurement oi the actual positions
can for instance be done as described 1n U.S. Pat. No. A1-5,
029,454,

In an embodiment, the controller 1s operationally con-
nected to the beamlet blankers, 1n an embodiment via the
adjustor.

In an embodiment, the adjustor 1s operationally connected
to the controller for receiving instructions indicating the
amount of the adjustments. The amount of the adjustments
can be determined based a resulting value of the above-men-
tioned comparator.
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In a further embodiment, the adjustor 1s adapted for indi-
vidually adjusting timing of each control signal. In this very
casy way, correction can be accomplished.

In an embodiment of the electron beam exposure apparatus
according to the present invention, the beamlet generating
means comprise:

a source for emitting at least one electron beam,

at least one beamsplitter for splitting said at least one
emitted electron beam into said plurality of electron
beamlets

In this way, a uniform intensity distribution among the
beamlets 1s easily achieved 1t the source emits uniformly 1n all
relevant directions. In an embodiment, the electron beam
exposure apparatus further comprising a second electrostatic
lens array located between said beam splitting means and said
beamlet blanker array to focus said plurality of electron
beamlets. In this embodiment, substantially every electro-
static lens 1s aligned and focuses one electron beamlet. In a
further embodiment thereof, the beamlet blanker array 1is
located 1n the focal plane of said second electrostatic lens
array.

In an embodiment of the electron beam exposure apparatus
of the current invention with beamsplitter, the beamsplitter
comprise a spatial filter, preferably an aperture array. In this
way, one source with one beam, or, when source intensity 1s
insuificient or intensity fluctuates across the beam, several
sources, are easily split into a plurality of beamlets.

When source intensities are high, the splitting means can
comprise a number of aperture arrays 1n a serial order along
the path of the electron beam or plurality of beamlets, the
aperture arrays having mutually aligned apertures, each next
aperture array along the path from the source to the target
having apertures that are smaller than the apertures of the
previous aperture array. This reduces heat load.

In an embodiment of the aperture array, the apertures of
cach aperture array are arranged in a hexagonal structure,
which makes 1t possible to obtain close integration.

In a further embodiment of the electron beam exposure
apparatus comprising splitting means comprising an aperture
array, each aperture of the aperture array has an area inversely
proportional to the current density based on the beamlet that
1s transmitted through that same aperture.

In a further embodiment of the electron beam exposure
apparatus comprising a beamsplitter, the beamsplitter com-
prises an aperture array, wherein the aperture sizes in the
aperture array are adapted to create a discrete set of predeter-
mined beamlet currents.

These embodiments improve the uniformity of the electron
beamlets.

In yet a further embodiment of the electron beam exposure
apparatus comprising the beamsplitter, the beamsplitter com-
prises an electrostatic quadrupole lens array.

In an embodiment, the electron beam exposure apparatus
according to the present invention comprises a thermionic
source. In an embodiment, the thermionic source 1s adapted
for being operated 1n the space charge limited regime. It was
found that space charge has a homogenising effect, which 1s
tavourable 1n this specific application. Furthermore, in certain
settings, the space charge may have a negative lens eflect.

In a further embodiment with the thermionic source, the
thermionic electron source has a spherical cathode surface. In
an embodiment, the thermionic source comprises at least one
extractor electrode. In another embodiment, the extractor
clectrode 1s a planar extractor electrode. In an embodiment
thereol, the extractor 1s located after the space charge region
and provided with a positive voltage for inducing a negative
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lens effect. These voltages can be set at a predefined value for
creating a negative lens effect for the emitted electron beam.

In an alternative embodiment, the extractor electrode has a
spherical surface with through holes. All these embodiments
serve to create a negative lens influence on the electron beam,
thus avoiding a crossover 1n the electron beam.

In another embodiment of the electron beam exposure
apparatus of the current invention, the apparatus further com-
prises an illumination system that transforms the electron
beam, emitted by said source, into a collimated electron beam
before 1t reaches said splitting means.

In yet another embodiment of the electron beam exposure
apparatus said beamlet generator comprises an array of
sources of which each source1s responsible for the generation
of an electron beamlet. In a further embodiment thereof, the
clectron beam exposure apparatus further comprising a sec-
ond electrostatic lens array located between said array of
sources and said beamlet blanker array to focus said plurality
of electron beamlets.

In an embodiment of the electron beam exposure apparatus
with beamlet blanking means, said beamlet blanker comprise
clectrostatic detlectors.

In yet another embodiment of the electron beam exposure
apparatus according to the mnvention, 1t further comprising
scanning deflection means provided between the modulation
array and the focusing electron optical system for deflecting
the electron beamlets to scan said target exposure surface. In
an embodiment thereof, the scanning deflection means com-
prises electrostatic scan deflectors. In a further embodiment
thereol, the electron beam exposure apparatus 1s further pro-
vided with actuating means for moving said electrostatic scan
deflectors and said means for holding the target relatively to
cach other in the plane of the surface onto which the pattern 1s
to be transierred 1n a direction that differs from the direction
of the detlection performed by said electrostatic scan detlec-
tors.

In an embodiment, the adjustor or a time shifter are adapted
for shifting a timing base of the scanning detflection means
and the actuators with respect to each other. In an embodi-
ment thereol, the control signals of the modulators have a
timing base and the actuators of the target holder have a
second timing base, and there timing bases can be shifted with
respect to one another. This can for instance be used to have a
critical component, which has to be written on the target
surface and which would lay between two beamlets, written
using only one beamlet.

In a further embodiment thereot, the electron beam expo-
sure apparatus furthermore comprises an additional aperture
plate between the modulation array and the focussing elec-
tron optical system, the additional aperture plate having one
surface directed to and substantially parallel to the exposure
surface of the target, wherein said electrostatic scan detlectors
are conducting strips deposited on the side of the additional
aperture plate facing the exposure surface of the target located
between said blanker array and the electrostatic lens array of
the focusing electron optical system. In another embodiment
thereot, the electrostatic scan detlectors are conducting strips
deposited at the target exposure surface side of any of the lens
plates present 1n the focusing electron optical system. In an
embodiment thereol, the conducting strips alternatively have
a positive or negative potential.

In an embodiment of the electron beam exposure apparatus
with the blanking electrostatic deflectors, these detlectors
deflect the electron beamlets 1n such a way that a predeter-
mined section of the beamlet 1s stopped by the beamlet stop
array.

10

15

20

25

30

35

40

45

50

55

60

65

6

In a further embodiment of the electron beam exposure
apparatus according to the present invention, 1t further com-
prises a post-reduction acceleration stage, located between
the electrostatic lens array of the focusing electron optical
system and said protective means, for accelerating the elec-
trons 1n the plurality of transmitted electron beamlets.

In an embodiment of the controller, 1t 1s furthermore pro-
vided with correction means to compensate for the incorrect
positioning of the electron beamlets on the target exposure

surface by

comparing the theoretical position and the actual position
of said beamlets

adjusting the control signals to compensate for the mea-
sured difference between said theoretical position and
said actual position of said electron beamlets

In an embodiment of the electron beam exposure apparatus
according to the present invention, 1t further comprising pro-
tective means to prevent particles released by impinging elec-
trons to reach any one of the aperture arrays, lens arrays or
blanker arrays, preferably located between the electrostatic
lens array of the focusing electron optical system and the
exposure surface of a target, preferably comprising an aper-
ture array wherein the apertures have a size smaller than 20
L.

In an embodiment of the electron beam exposure apparatus
according to the present invention, all lens arrays, aperture
arrays and blanker arrays are connected to a power supply,
which, when gas 1s admaitted 1nto the system, creates a plasma
that cleans the plates and removes all contaminants.

In a further embodiment, the electron beam exposure appa-
ratus according to the present invention, the system 1s oper-
ated at an elevated temperature of about 200-600° C. to keep
the apparatus clean.

The invention further relates to an electron beam exposure
apparatus for transiferring a pattern onto the surface of a
target, comprising:

a beamlet generator for generating a plurality of electron

beamlets:

a modulation array for receiving said plurality of electron
beamlets, comprising a plurality of modulators for
modulating the intensity of an electron beamlet;

a controller, operationally connected to the modulation
array, for individually controlling the modulators using,
control signals;

a focusing electron optical system comprising an array of
clectrostatic lenses wherein each lens focuses a corre-
sponding individual beamlet, which 1s transmitted by
said modulation array, to a cross section smaller than
300 nm, and

a target holder for holding a target with 1ts exposure surface
onto which the pattern i1s to be transferred 1n the first
focal plane of the focusing electron optical system,

wherein said beamlet generator comprises at least one ther-
mionic source, said source comprising at least one extractor
clectrode adapted for being operated 1n a space charge limited
region, said source adapted for generating an electron beam,
and said beamlet generator furthermore provided with a
beamsplitter for splitting said electron beam up into a plural-
ity of electron beamlets.

Using such a specific beamlet generator makes 1t possible
to provide uniform beamlets with a suificient current to pro-
vide a high throughput.

In an embodiment thereof, said extractor electrode is
located after said space charge region and 1s provided with a
positive voltage for inducing a negative lens effect to said
clectron beam.
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The mvention furthermore pertains to an electron beam
generator for generating a plurality of electron beamlets,
wherein said beamlet generator comprises at least one ther-
mionic source, said source comprising at least one extractor
clectrode adapted for being operated 1n a space charge limited
region, said source adapted for generating an electron beam,
and said beamlet generator furthermore provided with a
beamsplitter for splitting said electron beam up into a plural-
ity of electron beamlets.

The mvention furthermore pertains to an electron beam
exposure apparatus for transferring a pattern onto the surface
ol a target, comprising a beamlet generator for generating a
plurality of electron beamlets, a plurality of modulators for
modulating each electron beamlet, and a controller for pro-
viding each modulator with a control signal, said control
signal having a timing base, wherein the controller 1s adapted
for individually adjusting the timing base of a control signal
with respect to the other control signals.

In this apparatus, the problem of positioming and modulat-
ing 1s solved 1n a very simple and elegant way, reducing the
number of components and providing a robust apparatus.

The mvention further pertains to a method for transierring
a pattern onto a target exposure surface with an electron
beam, using an electron beam exposure apparatus described
above, and to a waler processed using the apparatus of the
current invention. The apparatus can furthermore be used for
the production of mask, like for instance used 1n state-of-the-
art optical lithography systems.

BRIEF DESCRIPTION OF THE DRAWINGS

The mvention will be further elucidated 1n the following
embodiments of an electron beam exposure apparatus
according to the current invention, 1 which:

FIG. 1 shows an apparatus according to the present inven-
tion,

FIG. 2A shows a detail of a known electron beam exposure
apparatus,

FIG. 2B shows a detail of the electron beam exposure
apparatus,

FIG. 3 shows an electron source with a spherical outer
surface,

FIG. 3A shows a source with a space charge region,

FI1G. 4 shows an embodiment of a electron beam exposure
apparatus starting from the beamlets,

FIG. SA, 5B show embodiments of scan deflection arrays
of the current invention,

FIG. 6A, 6B show scan trajectories of the present mven-
tion,

FIG. 7A—7D show adjustment of modulation timing, and

FIG. 8A, 8B show effects of adjustment of modulation
timing.

DESCRIPTION OF EMBODIMENTS

An embodiment of the present invention 1s schematically
shown 1n FIG. 1. Electrons are emitted from a single, stable
clectron source 1. An illumination system focuses and colli-
mates the emitted electron beam 5 to 1lluminate a desired area
on an aperture plate 6 uniformly. This can for istance be
established by using lenses 3 and 4. Due to the aperture plate
6 the electron beam 3 1s split in a plurality of electron beam-
lets, two of which 5a and 5b, are shown. An alternative way to
create a plurality of electron beamlets 1s to use an array of
clectron sources. Each electron source generates an electron
beamlet, which 1s modulated 1n the same way as the one
created with a combination of a single source and splitting
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means. Since the emission characteristics of each source are
slightly different, a single source 1 with beamsplitter 6 1s
preferred. An array of electrostatic lenses 7 focuses each
beamlet to a desired diameter. A beamlet blanker array 8 1s
positioned 1n such a way that each individual beamlet coin-
cides with an aperture 1n the plate of beamlet blanker array 8.
The beamlet blanker array 8 comprises beamlet-blankers, for
instance blanking electrostatic deflectors. When a voltage 1s
applied on a blanking deflector an electric field across the
corresponding aperture 1s established. The passing electron
beamlet, for example beamlet 9, deflects and terminates at the
beamlet stop array 10, located behind the beamlet blanker
array 8 following the electron beamlet trajectory. When there
1s no voltage applied to the blanking deflector the electron
beamlet will pass the beamlet stop array 10, and reach the
focusing electron optical system comprising an array of elec-
trostatic lenses 13. This array 13 focuses each of the trans-
mitted beamlets 12 individually on the target exposure sur-
face 14. Finally scanning deflection means, most often
clectrostatic scan deflectors, move the beamlets together 1n
one direction over the target exposure surface 14. In the
embodiment shown in FIG. 1 the scan deflectors are located
on the target exposure surface side 11a of beamlet stop array
10, thus forming an additional scan deflection array 11. How-
ever, other locations are also possible. During the scanning
the target exposure surface 14 and the scan deflectors moves
relatively to one another in a direction different from the
direction of the scan deflection. Usually the target 1s a water
or a mask covered with a resist layer.

A remarkable aspect of the configuration shown 1n FIG. 1
1s that the entire 1image that 1s created by the combination of
beamlet blanker array 8 and beamlet stop array 10 1s not
demagnified as a whole. Instead, each individual beamlet 1s
individually focused on the target exposure surface 14 by the
focusing electron optical system 13. The difference between
these two approaches 1s shown 1n FIGS. 2A and 2B. In FIG.
2 A an entire 1mage comprising 2 electron beamlets 3a and 5b
1s demagnified to acquire the desired resolution. To demag-
nily an 1image requires at least one crossing X. In this cross-
ing, all the electrons have to pass a small area. Coulomb
interactions deteriorate the resolution at that crossing X.

In the present mvention the method shown in FIG. 2B 1s
used. Consider two adjacent beamlets 3Sa, Sb that are pro-
jected on the target exposure surface 14. Using the demagni-
fication approach the distance between the two beamlets also
becomes smaller. The focusing approach ofthe current inven-
tion, however, does not change this distance between two
beamlets. Only the cross section of each beamlet 1s reduced.

The electron source 1 of FIG. 1 typically delivers 100
A/cm” from an area of about 30—300 micron squared. In an
embodiment, a thermionic source 1s used. The electrons are
preferably emitted in the space charge limited emission
regime 1n order to benefit from a homogenizing effect of the
space charge. Examples ot such a source are alLaB crystal, a
dispenser source comprising Barium Oxide, or a dispenser
source comprising a layer of Barium or Tungsten covered
with Scandium Oxide.

The extractor electrodes 2 usually, but not necessarily,
focus the beam. The 1llumination lenses 3—4 create a parallel
beam of electrons 5 on the aperture array 6. The lenses 3—4 are
optimised to limit the beam energy spread as a result of
Coulomb interactions, 1.e. the opening angle of the beam 1s
made as large as possible. Furthermore lenses 3—4 are opti-
mised to limit the beam blur created by chromatic and spheri-
cal aberration effects. For the latter it may be advantageous to
use the aperture array 6 as a lens electrode, because this may
create negative chromatic and spherical aberrations, resulting
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in a compensation of the aberrations of lenses 3—4. Further-
more, it 1s possible to use lens 4 for magnification of the
pattern by slightly focusing or defocusing it.

In such an embodiment, however, the electron beam emait-
ted from the single emitter 1s focussed 1n a small crossover x
betore 1t 1s expanded. Within this crossover x there 1s a large
energy spread due to electron-electron interactions 1n this
crossover X. In the end the crossover x will be imaged demag-
nified on the target exposure surface. Due to the Coulomb
interactions the desired resolution 1s not achieved. A method
to expand and collimate the expanded beam without a cross-
over 1s therefore desirable.

In a first embodiment, shown 1n FIG. 3, crossover 1n the
illumination electron optics 1s avoided by using an electron
source 1 with a spherical or a hemispherical outer surface 15.
In this configuration a large opening angle . 1s formed, which
reduces the blur due to electron-electron interactions in the
emitted electron beam 5. Additionally the electron beams are
forming a spherical wave front, which results 1n a virtual
crossover 16 located 1n the centre of the source. There are no
clectrons present in the virtual crossover; so disturbing elec-
tron-electron interactions are absent.

The electrons can be extracted with a spherical extractor
that comprises large holes. The main advantage of the spheri-
cal shape of the extractor 1s the more homogeneous field that
1s created.

In an alternative embodiment, shown in FIG. 3A, crossover
1s avoided by extracting the electrons from the source/cathode
1 which 1s at a voltage Vs and has a distant planar extractor 11.
The planar extractor has a positive voltage +V |, with respect to
the source 1. The combination of source and extractor now
serves as a negative lens. The extracted electrons passing the
extractor 1, thus expand due to the diverging electric field.
Again, a virtual crossover 1s created, which reduces the loss of
resolution due to Coulomb interactions to a great extent.
Between source 1 and extractor 1, a space charged region S 1s
present as 1s shown 1n FIG. 3A. The presence of this space
charge enhances the negative lens effect created by the
source-extractor combination.

By tuning V, it 1s possible to let the source 1 operate 1n its
space charge limited emission mode. The main advantage of
this emission mode 1s the significant increase of homogeneity
of the emission. The increase of the total current can be
limited by selecting a source with a confined emission area.

The aperture array 6 has apertures of typically 5-150 um in
diameter with a pitch of about 50-500 um. The apertures are
preferably arranged 1in a hexagonal pattern. The aperture
array 6 splits the incoming parallel beam of electrons 5 1n a
plurality of electron beamlets, typically 1n the order of about
5,000-30,000. The size of the apertures 1s adjusted to com-
pensate non-uniform current density of the illumination.
Each aperture has an area inversely proportional to the current
density based on the individual beamlets that 1s transmaitted
through that same aperture. Consequently the current in each
individual beamlet 1s the same. I the heatload on the aperture
plate becomes too large, several aperture arrays are arranged
in a serial order with decreasing aperture diameters along the
path of the electron beam or plurality of electron beamlets.
These aperture arrays have mutually aligned apertures.

Another possible way to split the collimated electron beam
5 1nto a plurality of electron beamlets 1s the use of a quadru-
pole lens array. A possible configuration of such an array 1s
disclosed 1n U.S. Pat. No. 6,333,508, which document 1s
referenced here as 11 fully set forth.

FIG. 4 shows a detail closer image of the lithography
system 1n one of the embodiments of the present invention
starting from the plurality of beamlets. Condensor lens array
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7 focuses each beamlet to a diameter of about 0.1-1 um. It
comprises two aligned plates with holes. The thickness of the
plates 1s typically about 10-500 um, while the holes are
typically about 50-200 um in diameter with a 50-500-um
pitch. Insulators (not shown), which are shielded from the
beamlets, support the plates at typical distances of 1-10 mul-
limetres from each other.

The modulation array comprises a beamlet blanker array 8
and a beamlet stop array 10. At the beamlet blanker array 8,
the typical beam diameter 1s about 0.1-5 um while the typical
transversal energy 1s 1n the order of a 1-20 meV. Beamlet
blanking means 17 are used to switch the electron beamlets on
and off. They include blanking electrostatic detlectors, which
comprise a number of electrodes. Preferably at least one
clectrode 1s grounded. Another electrode 1s connected to a
circuit. Via this circuit control data are sent towards the blank-
ing electrostatic deflectors. In this way, each blanking detlec-
tor can be controlled imndividually. Without the use of the
beamlet blanking means 17 the electron beamlet will pass the
beamlet stop array 10 through the apertures. When a voltage
1s applied on a blanking electrostatic deflector electrode in the
beamlet blanker array 8, the corresponding electron beamlet
will be, deflected and terminate on the beamlet stop array 10.

In an embodiment, the beamlet blanker array 8 1s located 1n
the electrostatic focal plane of the electron beamlets. With the
blanker array 1n this position, the system 1s less sensitive for
distortions. In this embodiment, the beamlet stop array is
positioned outside a focal plane of the electron beamlets.

The transmitted beamlets now have to be focused on the
target exposure surface 14. This 1s done by a focusing electron
optical system 13 comprising at least one array with electro-
static lenses. Each individually transmitted electron beamlet
1s Tocused on the target exposure surface by a corresponding
clectrostatic lens. The lens array comprises two or more
plates 13a and 13b, both having a thickness of about 10—-500
um and apertures 13¢ with a diameter of about 50-250 um.
The distance between two consecutive plates 1s somewhere
between 50-800 um and may be different from plate to plate.
If necessary, the focusing electron optical system may also
comprise a lens array of the magnetic type. It 1s then located
between the beamlet stop array 10 and the objective lens array
of the electrostatic type 13, to further enhance the focusing
properties of the electron optical system.

A major problem 1n all electron beam lithography systems
patterning a waler or a mask 1s contamination. It reduces the
performance of the lithography system significant due to the
interaction between electrons and particles in the resist layer,
the resist degrades. In a polymeric resist, molecules are
released due to cracking. The released resist particles travel
through the vacuum and can be absorbed by any of the struc-
tures present 1n the system.

In order to cope with the contamination problem, 1n a
particular embodiment protective means are located 1n close
proximity of the target exposure surface, 1.e. between the
target exposure surface and the focusing electron optical sys-
tem. Said protective means may be a foil or a plate. Both
options are provided with apertures with a diameter smaller
than 20 um. The protective means absorb the released resist
particles before they can reach any of the sensitive elements in
the lithography system. In some cases 1t 1s necessary 1o
reiresh the protective means after a predetermined period,
¢.g. after every processed waler or mask. In the case of a
protective plate the whole plate can be replaced. In a particu-
lar embodiment, the foil 1s wound around the coil winders. A
small section of the foil 1s tightened just above the entire
target exposure surface 14. Only this section 1s exposed to the
contaminants. After a certain period the protective capacity of
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the foil rapidly degrades due to the absorbed particles. The
exposed o1l section then needs to be replaced. To do this the
fo1l 1s transported from one coil winder to the other coil
winder, thus exposing a fresh fo1l section to the contamination
particles. 5

The entire system that 1s described above operates at rela-
tively low voltages. In operations in which high-energy elec-
trons are needed, an additional acceleration stage 1s posi-
tioned between the electrostatic lens array of the focusing
clectron optical system 13 and the protective means. This 10
acceleration stage adds energy to the passing electrons. The
beam may be accelerated additional tens of kiloelectronvolts,
e.g. 50 keV.

As explained earlier in FIG. 1, the beamlets 12 that have
successiully passed the beamlet stop array 10 are directed 15
towards the desired position on the target exposure surface 14
by two means. First of all actuation means move the target
exposure surface 14 and the rest of the system 1n a certain
mechanical scan direction relatively to each other. Secondly
scan deflection means scan the transmitted beamlets 12 elec- 20
trostatically 1n a direction that differs from the mechanical
scan direction. The scan deflection means comprise electro-
static scan deflectors 18. In FIGS. 1 and 3 these scan detlec-
tors 18 are located on an additional aperture array 11, and are
depicted 1n FIG. 4. 25

In one embodiment, the electrostatic scan deflectors 18 are
deposited on the target exposure surface side of one of the
plates of the objective electrostatic lens array 13, such that the
deflection essentially occurs 1n the front focal plane of the
objective lenses. The desired result 1s that the deflected beam- 30
lets impinge perpendicularly on the target surface.

In another embodiment there are two deflector arrays, one
deflecting 1n a first direction and the other detlecting 1n a
second, opposite direction. The combined detlection causes
displacement of the beamlets a displacement of the beamlets 35
at the target surface location, without changing the perpen-
dicular axis of a beamlet with respect to the target surface.

In a second embodiment, the electrostatic scan deflectors
18 are located on the protective means.

The electrostatic scan deflectors 18 comprise scan deflec- 40
tion electrodes, which are arranged to deflect an assembly of
clectron beamlets 1in the same direction. The scan detlection
clectrodes may be deposited in the form of strips 19 on a
suitable plate 20 at the target exposure surface side as 1s
shown 1n FIG. 5A. The best yield can be established when the 45
strips 19 are deposited close to the beamlet, thus close to the
aperture 21, since thisreduces d,__ .. Moreover, 1t 1s preferable
to position the scan deflection electrodes outside an 1ndi-
vidual beamlet crossover plane.

In one embodiment the first assembly 1s scanned 1n one 50
direction while the next one 1s scanned 1n the opposite direc-
tion, by putting alternating voltages on the consecutive strips
19 as 1s shown 1n FIG. 5B. The first strip has for instance a
positive potential, the second one a negative potential, the
next one a positive etc. Say the scan direction 1s denoted y. 55
One line of transmitted electron beamlets 1s then scanned 1n
the —y-direction, while at the same time the next line 1s
directed towards +y.

As already mentioned there are two scan directions, a
mechanical scan direction M and a detlection scan direction 60
S, both depicted in FIGS. 6 A and 6B. The mechanical scan
can be performed in three ways. The target exposure surface
moves, the rest of the system moves or they both move in
different directions. The deflection scan 1s performed 1n a
different direction compared to the mechanical scan. It 1s 65
preferably perpendicular or almost perpendicular to the
mechanical scan direction, because the scan deflection length

-
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Ax 1s then larger for the same deflection scan angle a._ . There
are two preferable scan trajectories, both shown 1n FIG. 6 for
clanity. The first one 1s a triangular shaped scan trajectory
(FIG. 6A), the second one a saw tooth shaped scan trajectory
(FIG. 6B).

When the mechanical scan length 1s a throughput-limiting
factor, an assembly of electron beam exposure apparatuses as
described above 1s used to expose the entire waler at the same
time.

It 1s assumed that an 1deal grid exists on the water and that
the electron beamlets can be positioned exactly on the grid
coordinates. Say that a correct pattern 1s created when the
electron beamlet can be positioned within Y40” of the mini-
mum feature size. Then to write one pixel, 30 scan lines and
thus 30*30=900 grid points are needed. For the 45 nm-mode
the positioning should be controllable within a range of 1.5
nm. The data path should therefore be able to handle an
enormous amount of data.

The writing strategy described above 1s based on the
assumption that the beamlet can only be switched on or off. To
reduce the amount of data by less grid lines, and thus less grid
cells seems a logical approach. However, the dimension con-
trol of the desired pattern sutiers considerably. An approach
to circumvent this problem 1s to pattern the target exposure
surface 14 with discrete dose control. Again the pattern 1s
divided according to a rectangular grid. However, the number
of grid lines 1s much smaller e.g. 2-5 per dimension, which
results in anumber of grid points of about 4-25. In order to get
the same pattern reliability as for the finer grid, the intensity
of each grid cell 1s variable. The intensity 1s represented by a
so-called gray value. In case of a 3 bit gray value representa-
tion, the values are 0, V4, 24, 34, 47, 34, ¢ and 1 times the
maximum dose. The number of data required for the position
of the beamlet reduces, although each cell 1s represented with
more information due to the controlled dose varation.

In the present invention gray scale writing can be intro-
duced 1n several ways. First of all the deflection of the beams
may be controlled 1n such a way that part of the beam passes
the beamlet stop array 10, while part of the beam continues
traveling towards the target exposure surface 14. In this way
for instance 4 or 24 of the beam can be stopped, resulting 1n
4 possible doses on the target exposure surface, namely 0, 14,
%4 and 1 times the maximum dose, corresponding to a 2 bit
gray value representation.

Another method to create gray levels 1s to detlect the beam-
lets 1n such a way that they do not move with respect to the
target surface for a predetermined amount of time T, which
amount of time T 1s longer than a mimmum on/off time of the
blankers. During time T, the modulator can now deposite 1, 2,
3, etc. shots on one position, thus creating gray levels.

Another method to create these 4 so-called gray values 1s to
change the aperture size in the aperture array 6. If there are for
instance three aperture sizes, the original size, a size that
permits half the original current to pass and apertures with an
area such that only a fourth of the original current passes, the
same discrete dose values as mentioned before an be created.
By switching the beamlets on and off with the deflection
clectrodes 17 of the beamlet blanker array 8 the desired dose
can be deposited on the target exposure surface 14. A disad-
vantage of the latter method 1s the fact that more beamlets are
needed to write one pixel. Most, including atorementioned
methods for discrete dose control can also be used to create
more than 4 gray values, e.g. 8, 16, 32 or 64.

The positions of the beamlets on the target exposure sur-
face most often do not exactly correspond with the desired
positions. This 1s for instance due to misalignment of the
different arrays with respect to each other. Additionally,
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manufacturing errors may also contribute to the offset of the
individual beamlets. To transier the correct pattern from the
controller onto the exposure surface of the target, corrections
have to be made. To this end, 1n a particular embodiment, first
the position of all beamlets 1s measured and stored. Each
position 1s then compared to the position the beamlet should
have. The difference 1n position 1s then integrated in the
pattern information that i1s sent to the modulation means.

Since changing the signal sequence that 1s sent towards the
modulation means takes a lot of time, the measured difference
in position 1s integrated in the pattern information by trans-
forming 1t into a corresponding difference 1n timing 1n the
beamlet modulation control. FIGS. 7A-7D and 8A-8B
explain how the adjustments are implemented. As already
mentioned the beamlet scan 1s performed by combiming two
scan mechanisms: a mechanical scan and a deflection scan.
All pattern data, which 1s sent to each beamlet, 1s supplied per
deflection scan line. The desired detlection scan width on the
exposure surface of the target that i1s patterned, W__._ . 1s
smaller than the deflection scan width the apparatus can
handle, W___ . as 1s shown in FIGS. 7A AND 7B. The
overscan ability enables a correction 1n the deflection scan
direction. In FIG. 7A the beamlet 1s positioned correctly. In
FIG. 7B, however, the beamlet has shifted to the right. By
adjusting the timing in such a way that the pattern data 1s
applied when the beamlet enters the desired area, the offset
can be compensated for. The adjustment in the mechanical
scan direction 1s less precise than depicted 1n FIG. 7B. Since
the pattern data 1s written per scan line, only a discrete time
delay 1s possible, 1.¢. pattern generation can be postponed or
accelerated per scan line. A random time delay would resultin
a completely new control data sequence. A calculation of
such a new sequence takes a lot of time and 1s therefore not
desirable. In FIGS. 7C AND 7D 1s depicted what the conse-
quence 1s. In FIG. 7C again the desired location of the beamlet
1s shown together with its first five corresponding scan lines.
In FIG. 7D the real position of the beamlet and its trajectories
1s shown. For clarty the desired beamlet and scan lines are
also depicted with an empty circle and dashed lines, respec-
tively. It can be seen that the first scan line in the desired
situation does not cover the area that needs to be patterned by
the beamlet. So the beamlet start patterning halfway the sec-
ond scan line. Effectively the delay of information has taken
a time period that1s necessary to scan one deflection scan line.

FIGS. 8A and 8B show an example of how a change in the
timing corrects for the 1mitial incorrect position of a structure
written by a not ideally positioned beamlet. FIG. 8 A depicts
the situation without any timing correction. The empty dot
represents the beamlet at the correct position, while the filled
one represents the real location of the beamlet. The beamlet is
scanned along the drawn line to write a pattern. The line 1s
dashed 1n the ideal case and solid 1n the real case. In this
example the written structure 1s a single line. Consider a black
and write writing strategy, 1.¢. the beamlet 1s “on” or “off”.
The pattern 1s written when the “on’ signal 1s sent towards the
modulation means. In order to write the single line a certain
signal sequence like the one shown in the upper curve 1s sent
towards the modulation means. When the same signal
sequence 1s sent 1n reality, the line 1s written at a different
position than desired. The oflfset of the beamlet leads to an
olffset of the written structure.

FIG. 8B shows the situation wherein timing correction 1s
applied. Again the theoretical and actual spots and trajectories
are depicted with dashed and solid lines and dots respectively.
The signal sequence in the real situation 1s different than the
theoretical pattern information, 1n the fact that the signal
sequence 1n the real situation (lower curve) 1s sent at a differ-
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ent time than the same sequence 1s sent 1n the 1dea configu-
ration (upper curve). As a result the single line 1s now written
at the correct location 1n the deflection scan direction. More-
over the pattern processing started one scan line earlier result-
ing 1n a better positioning of the single line 1n the mechanical
scan direction as well. Note that the single line 1s not precisely
positioned at the correct location. This 1s due to the slight
olfset between the scan lines 1n the 1deal and the real situation.

The current electron beam exposure system 1s thus capable
of dynamically adjusting the position of a scanned line using
timing corrections. This allows for critical components 1n a
pattern to be written 1n one scan line instead of using two
halves of two scan lines, which would spread the critical
component over two scan lines. This correction can also be
done locally, 1.e. the timing can be corrected over a small time
window. The controller should thus identify critical compo-
nents, which would normally be spread over two scan lines.
Subsequently, the controller should calculated a corrected
timing window, and apply the corrected timing window to the
timing base used for scanning an electron beamlet. FIG. 7D
shows the adjustment principle, which could be used for this.

All lens plates, aperture plates and blanker plates can be
connected to a power supply, which, when gas 1s admatted
into the system, creates a plasma. The plasma cleans the
plates and removes all contamination. If one plasma does not
clean thorough enough, two gases may be admitted into the
system 1n series. For instance oxygen may be admitted first to
remove all hydrocarbons residing in the system. After the
removal of the oxygen plasma, a second plasma, for instance
comprising HF, 1s created to remove all present oxides.

Another possibility to reduce the contamination is to per-
form all operations at elevated temperatures, 1.e. 150-400° C.
A pretreatment at 1000-1500° C. may be necessary. At these
temperatures hydrocarbons get no chance to condense on any
of the elements 1n the system. Allowing a fraction of oxygen
into the system can further enhance the cleaning process.

It 1s to be understood that the above description 1s included
to 1llustrate the operation of the preferred embodiments and 1s
not meant to limit the scope of the invention. The scope of the
invention 1s to be limited only by the following claims. From
the above discussion, many variations will be apparent to one
skilled 1n the art that would vet be encompassed by the spirit
and scope of the present invention.

The invention claimed 1s:

1. A method for transferring a pattern onto a target expo-
sure surface with a multi-beam lithography system, compris-
ing the steps of:

generating a plurality of beamlets;

individually modulating the intensity of each beamlet of

said plurality of beamlets by means of a modulator
device for blanking or not blanking each beamlet in
whole or in part;

controlling said modulator device, using control signals,

by means of a controller operationally coupled to said
modulator; and

[individually] adjusting at least one of said control signals.

2. The method according to claim 1 in which timing of said
control signals 1s adjusted.

3. The method of claim 1, 1n which timing of said control
signals 1s individually adjusted.

4. The method according to claim 1 in which modulation 1s
performed [as an “off” or “on” condition of a beamlet,] by
either deflecting said beamlet within the system, or by allow-
ing free passage of said beamlet at said modulator], the con-
dition thereby being controlled on the basis of available elec-
tronic pattern data, 1n which timing 1s adjusted by correcting
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an 1nstance of detlection or passage of said beamlet, said
correction being calculated by the controller].

5. The method of claim 1, wherein said control signals
[having] 2ave a timing base, and timing of the control signal
of at least one beamlet 1s adjusted.

6. The method of claim 1, further comprising the step of
determining a position of a beamlet, storing said position in a
memory and comparing said position with a desired position.

7. The method of claim 6, wherein said position of a beam-
let1s the actual position of a beamlet on said exposure surface.

8. The method of claim 6, wherein said adjustment of said
timing 1s based on the result of said comparing.

9. The method of claim [1] 2, wherein said timing is
adjusted locally.

10. The method of claim [1] 2, wherein said adjusting of
timing of said control signals comprises correcting a timing,
window.

11. The method of claim [1] 2, wherein said control signals
have a timing base.

12. The method of claim 11, wherein said controller cal-
culates a corrected timing window, and applies said corrected
timing window to said timing base.

13. The method of claim 11, wherein said controller cal-
culates a corrected timing window, and applies said corrected
timing window to said timing base of an individual beamlet.

14. An electron beam exposure apparatus for transferring a
pattern onto the surface of a target using a plurality of electron
beamlets, comprising:

a modulator array for receiving said plurality of electron
beamlets, comprising a plurality of modulators for
modulating the intensity of a beamlet of said plurality of
beamlets;

a controller, operationally coupled to said modulator array,
for controlling each modulator of said plurality modu-
lators on the basis of electronic pattern data to write the
pattern, said controller producing a plurality of control
signals with at least one control signal for each modula-
tor, and an adjustor for allowing individual adjustment
of a control signal.

15. The electron beam exposure apparatus according to
claim 14, wherein said plurality of control signals [having]
have a timing base.

16. The electron beam exposure apparatus according to
claim 14, wherein said adjustor 1s adapted for allowing indi-
vidual adjustment of timing of a control signal.

17. The electron beam exposure apparatus according to
claim 14, furthermore provided with a measuring device for
measuring the actual position of at least one of said beamlets,
and wherein the controller 1s provided with a memory for
storing said actual position and a desired position, a compara-
tor for comparing the desired position and the actual position
of said at least one of said beamlets, and wherein the adjustor
1s operationally coupled to the controller for receiving
instructions for adjusting a control signal 1ssued to a modu-
lator to compensate for the difference between said desired
position and said actual position of said at least one of said
clectron beamlets.

18. The electron beam exposure apparatus according to
claim 14, wherein the adjustor 1s operationally coupled to the
controller for recerving instructions indicating the amount of
the adjustments.

19. The electron beam exposure apparatus of claim 14,
wherein the adjustor 1s adapted for adjusting timing of each
control signal.

20. The electron beam exposure apparatus of claim 14,
turther comprising a beamlet generator, said beamlet genera-
tor comprising:

5

10

15

20

25

30

35

40

45

50

55

60

65

16

a source for emitting at least one electron beam, and

at least one beamsplitter for splitting said at least one
emitted electron beam into said plurality of electron
beamlets.

21. The electron beam exposure apparatus according to
claim 20, further comprising a modulation array, comprising
a beamlet blanker array comprising a plurality of beamlet
blankers for the deflection of a passing electron beamlet and
a beamlet stop array, having a plurality of apertures aligned
with said beamlet blankers of said beamlet blanker array.

22. The electron beam exposure apparatus according to
claim [20] 21, further comprising a second electrostatic lens
array located between said beamsplitter and said beamlet
blanker array to focus said plurality of electron beamlets.

23. The electron beam exposure apparatus according to
claim 22, wherein said beamlet blanker array 1s located in the
focal plane of said second electrostatic lens array.

24. An electron beam exposure apparatus for transferring a
pattern onto the surface of a target using a plurality of electron
beamlets, comprising:

a modulator array for recerving said plurality of electron
beamlets, comprising a plurality of modulators for
modulating the intensity of a beamlet of said plurality of
beamlets; and

a controller, operationally coupled to said modulator array,
for controlling each modulator of said plurality modu-
lators on the basis of electronic pattern data to write the
pattern, said controller producing a plurality of control
signals with at least one control signal for each modula-
tor, said controller comprising an adjustor allowing indi-
vidual adjustment of at least one control signal.

25. The electron beam exposure apparatus of claim 24,
wherein said plurality of control signals [having] Zave a tim-
ing base.

26. The electron beam exposure apparatus of claim 24, said
adjustor allowing individual adjustment of timing of at least
one control signal.

277. An electron beam exposure apparatus for transferring a
pattern onto the surface of a target using a plurality of electron
beamlets, comprising:

a modulator array comprising a plurality of modulators for
modulating the intensity of a beamlet of said plurality of
beamlets;

a scanmng detlector for scanning said plurality of electron
beamlets over said surface of said target, comprising at
least one array of electrostatic detlectors having at least
one electrostatic deflector for each beamlet;

a controller, operationally coupled to said scanming detlec-
tor, for controlling each electrostatic deflector individu-
ally using a control signal; and

an adjustor for [adusting] adjusting said control signal.

28. The electron electron beam exposure apparatus of
claim 27, wherein said control signal has a timing base, and
said adjustor being adapted for adjusting timing of said con-
trol signal.

29. An electron beam exposure apparatus for transierring a
pattern onto the surface of a target using a plurality of electron
beamlets, comprising:

a scanmng detlector for scanning said plurality of electron

beamlets over said surface of said target;

a beamlet blanking array, comprising at least one array of
clectrostatic deflectors having at least one electrostatic
deflector for each beamlet for blanking beamlets on the
basis of electronic pattern data,

a controller, operationally coupled to said [scanning
deflector] beamlet blanking array, for controlling each
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clectrostatic deflector using a control signal, said con-
troller being adapted for adjusting at least one of the
control [signal] signals.

30. The electron beam exposure apparatus of claim 29,
wherein said controller is operationally coupled to said [scan-
ning deflector] beamlet blanking array for controlling each
clectrostatic detlector using a control signal having a timing
base.

31. The electron beam exposure apparatus of claim 29,
wherein said controller being adapted for adjusting timing of
at least one control signal so that said pattern data is applied
when the corresponding beamlet enters a desired area to be

written by the beamlet.

32. The electron beam exposure apparatus of claim 29,
wherein said controller generates a plurality of control sig-
nals, at least one control signal for each electrostatic detlector.

33. The electron beam exposure apparatus of claim 32,
wherein said controller 1s adapted for adjusting timing of each

control signal.

34. The electron beam exposure apparatus of claim 32,
wherein said controller 1s adapted for adjusting timing of each
control signal individually.

35. An electron beam exposure apparatus for transierring a
pattern onto the surface of a target using a plurality of electron
beamlets, comprising:

a blanking deflection means for effectively realising an
off/on condition for individual beamlets at said target
surface, by deflecting such individual beamlets within
the system;

a controller, operationally coupled to said blanking deflec-
tion means, for individually controlling electrostatic
deflectors of said blanking deflection means, said con-
troller using an individual control signal for each deflec-
tor of said detlection means, thereby determining said on
and oft condition for individual beamlets;

correction means, part of, or operationally associated with
said controller for individually correcting a timing win-
dow of a beamlet adjusting the control signal of the
blanking detlector for said beamlet.

36. An clectron beam exposure apparatus for transferring a
pattern onto the surface of a target using a plurality of electron
beamlets, comprising:

a blanking deflection device for effectively realising an
off/on condition for individual beamlets at said target
surface, comprising a plurality of deflectors for detlect-
ing such imdividual beamlets within the system for real-
1sing said off/on condition;

a controller, operationally coupled to said blanking deflec-
tion device, for individually controlling electrostatic
deflectors of said blanking deflection device, said con-
troller using an individual control signal for each deflec-
tor of said detlection device, thereby determining said on
and off condition for individual beamlets;

a correction device, part of, or operationally associated
with said controller for individually correcting a timing
window of a beamlet adjusting the control signal of the
blanking detlector for said beamlet.

37. The method according to claim 4, wherein said modu-
lation is controlled on the basis of available electronic pat-
tern data in which timing is adjusted by correcting an
instance of deflection or passage of said beamlet, said cor-
rection being calculated by the controller.

38. A maskless lithography system for transferring a pat-
tern onto the surface of a target, comprising:

an electron beam genervator for generating an electron
beam;
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an optical system and beam splitter for generating a plu-
rality of separate beamlets from the electron beam;
a modulation array for modulating individual beamlets on
the basis of electronic pattern data to write the pattern;
d and
a focusing electron optical system for projecting the beam-
lets onto the target and veducing the cross section of the
individual beamlets;
wherein said beamlets projected onto the target are main-
tained separate to each other until projection of said
beamlets on to said target.

39. The system according to claim 38, wherein said system
further includes, downstream of said beam splitter, a conden-
sor lens array for focusing individual beamlets within said
plurality of beamlets.

40. The system according to claim 39, wherein said indi-
vidual beamlets are focused to a diameter in a range from
about 0.1 to I um.

41. The system according to claim 39, wherein the conden-
sor lens array comprises two aligned plates with holes.

42. The system according to claim 41, wherein the thick-
ness of the plates is within a range from about 10 to 500 um.

43. The system according to claim 41, wherein the conden-
sor lens array comprises a plate with holes of a diameter
within a range from 50 to 200 um, and a pitch within a range
from about 50 to 500 um.

44. The system according to claim 41, wherein the system
Jurther comprises insulators for supporting said plates.

45. The system according to claim 38, wherein said modu-
lation array includes a beamlet blanker array and a beamlet
stop array.

46. The system according to claim 45, wherein said modu-
lation means is included between said beam splitter and said
projection lenses.

47. The system according to claim 45, wherein the beam
diameter is within the range from about 0.1 to 5 um at the
beamlet blanker array.

48. The system according to claim 45, wherein the trans-
versal energy at said beamlet blanker array is within the
range from about I to 20 meV.

49. The system according to claim 45, wherein the beamlet
blanker array comprises an array of electrostatic deflectors,
each electrostatic deflector comprising a first electrode con-
nected to ground and a second electrode connected to a
circuit veceiving control data.

50. The system according to claim 49, wherein each elec-
trostatic deflector is controlled individually.

51. The system according to claim 45, wherein the beamlet
blanker array is located in an electrostatic focal plane of the
plurality of beamlets.

52. The system according to claim 51, wherein the beamlet
stop array is positioned outside an electrostatic focal plane of
the plurality of beamlets.

53. The system according to claim 38, wherein the focusing
electron optical system comprises an array of electrostatic
lenses for focusing each individual beamlet within said plu-
rality of beamlets with a corresponding electrostatic lens.

54. The system according to claim 33, wherein the array of
electrostatic lenses comprises two or more plates, each plate
having a thickness within a vange from about 10 to 500 um.

55. The system according to claim 33, wherein the array of
electrostatic lenses comprises two or movre plates, the dis-
tance between consecutive plates being within a range from

50 to 500 um.
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56. The system according to claim 53, wherein the array of

electrostatic lenses comprises three or more plates, the dis-
tance between consecutive plates being diffevent from plate to
plate.

57. The system according to claim 38, wherein the focusing
electron optical system comprises a lens array of the mag-
netic type.

58. The system according to claim 45, wherein the focusing
electron optical system comprises a lens array of the mag-
netic type and an array of electrostatic lenses, the lens array
of the magnetic type being located between the beamlet stop
array and the arrvay of electrostatic lenses.

59. The system according to claim 57, wherein the lens
array of the magnetic type is included for enhancing the
focusing properties of the projection system.

60. The system according to claim 38, wherein the beam
splitter is formed by a spatial filter.

61. The system according to claim 38, wherein the spatial
filter is formed by an aperture array.

62. The system according to claim 61, wherein the aper-
tures of the apertuve array ave arranged in a hexagonal
structure.

63. The system according to claim 61, whervein each aper-
turve of the aperturve array has an avea inversely proportional
to the current density of a beamlet that is, in use, transmitted
through said aperture.

64. The system accorvding to claim 38, wherein the beam
splitter comprises an electrostatic quadruple lens array.

65. The system according to claim 38, wherein the beam
splitter comprises a number of aperture arrays in servies along
the path of the electron beam or plurality of beamlets, the
aperture arrays having mutually aligned apertures, each sub-
sequent aperture arrvay along the path from electron beam
generator to target having apertures being smaller than cor-
responding apertures of the previous array.

66. The system according to claim 38, wherein, along a
beamlet path from electron beam genervator to target, an
electrostatic lens array is located immediately after said
beam splitter.

67. The system according to claim 38, the system further
COmprising:

a beamlet blanker array for controllably deflecting indi-

vidual beamlets of said plurality of beamlets; and

a beamlet stop array for obstructing deflected beamlets

and letting through undeflected beamlets.

68. The system accovding to claim 67, wherein the beamlet
blanker array is located in a focal plane of an electrostatic
lens array for focusing said plurality of beamlets.

69. The system accorvding to claim 38, wherein said beam-
lets projected onto the target are maintained parallel to one
another.

70. A deflection system for deflecting a plurality of electron
beamlets with vespect to a target surface, the deflection sys-
fem comprising.

a first deflector array for deflecting the beamlets in a first

divection; and

a second deflector array for deflecting the beamlets in a

second divection, the second direction being opposite to
the first direction.

71. The deflection system according to claim 70, whevrein,
in use, combined deflection of a beamlet by said first deflector
array and said second deflector arvay vesults in displacement
of the beamlet at the target surface without changing an
orientation of the beamlet with vespect to the target surface.

72. The deflection system according to claim 71, wherein
said orientation of the beamlet is perpendicular to the target
surface.

20

73. A maskless lithography system for transferring a pat-
tern onto a surface of a target, comprising:
a beamlet generator for generating a plurality of electron
beamlets;
5 a modulation array for modulating an intensity of electron
beamlets of the plurality of electron beamlets;

a deflection system accovding to claim 70 for deflecting the

modulated electron beamlets;

a target holder for holding a target having a surface for

receiving the pattern to be transferrved.

74. The system according to claim 73, wherein the system
Jurther comprises an electron optical system for focusing the
modulated electron beamlets on the surface of the target.

75. The system according to claim 73, wherein the deflec-
tion system is positioned within the electron optical system
such that deflection occurs in a front focal plane of the elec-
tron optical system.

76. An electron-optical arrangement for use in a maskless
lithography system, the arrangement comprising.

a deflector system according to claim 70 for deflecting a

plurality of beamlets; and

an electrostatic lens array for focusing said plurality of

deflected beamlets;

wherein the deflector array is positioned in a front focal

plane of the electrostatic lens array.

77. The arrangement according to claim 76, wherein the
electrostatic lens array comprises two or move plates, and the
deflector array is formed by deposition of electrostatic scan
deflectors on a target surface side of one of the two or more
30 plates of the electrostatic lens array.

78. The arrangement according to claim 76, wherein the
electrostatic lens array comprises two or more plates, each
plate having a thickness within a range from about 10 to 500
um.

79. The arrangement according to claim 76, wherein the
electrostatic lens array comprises two or movre plates, the
distance between comnsecutive plates being within a range
from about 50 to 8§00 um.

80. The arrangement according to claim 76, wherein the
40 electrostatic lens array comprises three or movre plates, the
distance between comnsecutive plates being different from
plate to plate.

81. A method of displacement of a plurality of beamlets
with respect to a target surface, the method comprising:

deflecting the beamlets in a first divection by means of a

fivst deflector array;

deflecting the beamlets in a second, opposite divection by

means of a second deflector array.

82. The method according to claim 81, wherein the com-
bined deflection in the first divection and the second divection
results in displacement of the beamlet at the target surface
without changing an orientation of the beamlet with vespect
to the target surface.

83. The method according to claim 82, wherein the orien-
tation of the beamlet after the combined deflection is perpen-
dicular to the target surface.

84. The method according to claim 81, wherein the plural-
ity of beamlets are parallel with respect to each other before
the first deflecting step and after the second deflecting step.

85. The method according to claim 81, further comprising

providing an electrostatic lens array positioned so that the

deflector arrays ave in a front focal plane of the electro-
static lens array; and

focusing the plurality of beamlets with the electrostatic

lens array.

86. A maskless lithography system for transferving a pat-
tern onto the surface of a target, comprising:
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an electron beam generator for gemerating an electron
beam;

a beam splitter for splitting the electron beam into a plu-
rality of electron beamlets;

a modulation array for modulating the plurality of beam-
lets on the basis of electronic pattern data in accordance
with the pattern to be transferred;

an array of electrostatic scan deflectors for deflecting elec-
tron beamlets to scan the target surface, whevein the
array of electrostatic scan deflectors comprise scan
deflection electrodes, each scan deflection electrode
being arranged to deflect a group of electron beamlets in
the same direction;

an optical system for focusing the plurality of beamlets;

a target holder for holding a target with its surface onto
which the pattern is to be transferred in a focal plane of
the optical system.

87. The maskless lithography system according to claim
86, wherein the deflection electrodes ave electrodes deposited
on a plate.

88. The maskless lithography system according to claim
87, wherein the deflection electrodes arve deposited on the side
of the plate facing the target holder.

89. The maskless lithography system according to claim
86, wherein the deflection electrodes comprise strips.

90. The maskiess lithography system according to claim
86, wherein the modulation array comprises an array of
apertures, and the deflection electrodes arve positioned close
to said apertures.

91. The maskless lithography system according to claim
90, wherein the deflection electrodes are positioned in a front
focal plane of the electrostatic lenses.

92. The maskiess lithography system according to claim
86, wherein the scan deflection electrodes comprise a first
group of strips and a second group of strips, the first group of
strips being arranged to scan in a first direction, the second
group of strips being arranged to scan in a second divection.

93. The system according to claim 86, wherein the deflec-
tion electrodes ave in the form of strips.

94. The system according to claim 93, wherein alternating
voltages are located on consecutive strips.

95. The maskless lithography system according to claim
92, wherein the divection is opposite to the second direction.

96. A maskless lithography system for transferving a pat-
tern onto the surface of a target, comprising:

an electron beam genervator for generating an electron
beam;

an electron-optical arvangement; and

a target holder for holding a target provided with a surface
Jor receiving the pattern to be transferred,;

wherein the electron-optical arrangement comprises:

a beam splitter for splitting the electron beam into a
plurality of beamlets;

a first electrostatic lens array for focusing the beamlets;

a modulation array comprising a plurality of modula-
tors for modulating the beamlets on the basis of elec-
tronic pattern data to write the pattern;

a deflector array comprising a plurality of electrostatic
deflectors for deflecting a portion of the beamlets in a
predetermined divection;

a second electrostatic lens array for focusing the
deflected beamlets.

97. The maskiess lithography system according to claim
96, wherein the beam splitter comprises an aperture array
having aperturves arrvanged in a hexagonal pattern.
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98. The maskless lithography system according to claim
96, wherein said beam splitter comprises an aperture array
having about 5,000 to 30,000 apertures.
99. The maskless lithography system according to claim
> 96, wherein said beam splitter comprises an aperture arrvay
having apertures with a size adjusted to compensate for non-
uniform current density of said electron beam.
100. The maskless lithography system according to claim
99 wherein each aperture has an arvea inversely proportional

to a current density based on the vespective beamlet to be
transmitted through said aperture.

101. The maskless lithography system according to claim
96, wherein said beam splitter comprises a number of aper-
ture arrays in series along a path of the electron beam or
plurality of beamlets, the aperture arrays having mutually
aligned apertures, each subsequent aperture arrvay along the
path towards the first electrostatic lens array having aper-
tures that ave smaller than the aperturves of a previous aper-
20 lure array.

102. The maskless lithography system according to claim
96, wherein said first electrostatic lens array is arranged to
Jfocus individual beamlets within the plurality of beamlets to a
diameter in a vange from about 0.1 to 1 um.

103. The maskless lithography system according to claim
102, wherein the first electrostatic lens array comprises two
aligned plates with holes.

104. The maskless lithography system according to claim
103, wherein the thickness of the plates is within a vange from
about 10 to 500 um.

105. The maskless lithography system according to claim
103, wherein the holes have a diameter within a range from
about 50to 200 um, and a pitch within a vange from 50 to 500
um.
106. The maskless lithography system according to claim
103, wherein the first electrostatic lens array further com-
prises insulators for supporting said plates.

107. The maskless lithography system according to claim
96, wherein the modulation array comprises:

a beamlet blanker aperture array provided with said modu-
lators, said modulators being further electrostatic
deflectors for deflecting beamlets in a further predeter-
mined dirvection;

a beamlet stop array for terminating beamlets deflected by
the further electrostatic deflectors of the beamlet
blanker array.

108. The maskless lithography system according to claim
107, wherein the first electrostatic lens array is arranged to
Jocus individual beamlets within the plurality of beamlets to a
50 diameter in a vange from about 0.1 to 5 um at the beamlet
blanker array.

109. The maskless lithography system according to claim
107 wherein the beamlet blanker array is located in an elec-
trostatic focal plane of the plurality of electron beamlets.

110. The maskless lithography system according to claim
109, wherein the beamlet stop array is positioned outside a
focal plane of the plurality of electron beamlets.

111. The maskless lithography system according to claim
107, wherein each further electrostatic deflector comprises a
60 first electrode connected to ground, and a second electrode

connected to a circuit for rveceiving control data.

112. The maskless lithography system according to claim

96, wherein the second electrostatic lens array comprises two

or movre plates, each plate having a thickness within a range
65 from about 10 to 500 um.

113. The maskless lithography system according to claim
96, wherein the second electrostatic lens array comprises two
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or more plates, the distance between consecutive plates being
within a range from 50 to 8§00 um.

114. The maskless lithography system according to claim
96, wherein the second electrostatic lens array comprises
three or movre plates, the distance between consecutive plates
being different from plate to plate.

115. A method of cleaning an electron optical system com-
prising an electron beam generator for generating an elec-
tron beam, a target holder for holding a target on to which one
or more beamlets are to be projected, and at least one of:

a beam splitter for splitting the electron beam into a plu-

rality of beamlets;

one or move electrostatic lens arrays for focusing the beam
or beamlets

a modulation array comprising a plurality of modulators
for modulating the beam or beamlets;

a deflector array comprising a plurality of electrostatic
deflectors for deflecting the beam or a portion of the
beamlets in a predetermined divection,; and

a second electrostatic lens array for focusing the deflected
beamlets;

the system further comprising a power supply connected to
at least one of the beam splitter, the first electrostatic
lens array, the modulation array, the deflector array,
and the second electrostatic lens array;

wherein the method comprises.

admitting a gas into the electron optical system,

supplying power by means of the power supply to the
electron optical system for creating a plasma therein;

terminating said supplying of power; and

removing said gas from the electron optical system.

116. The method according to claim 115, wherein said gas
comprises oxygen.

117. The method according to claim 116, the method fur-
ther comprising.

adding a further gas for removal of oxides into the mask-
less lithography system;

resupplying power to the maskless lithography system;

terminating said vesupplying of power; and

removing said further gas from the maskless lithography
system.

118. The method according to claim 117, wherein said

further gas comprises HE

119. A method for transferring a pattern onto the surface of

a target, comprising.
generating a plurality of electron beamlets;
modulating the plurality of beamlets on the basis of elec-
tronic pattern data in accovdance with the pattern to be
transferred,;

providing an array of electrostatic scan deflectors having

electrodes in the form of strips;

deflecting the electron beamlets using the array of electro-

static scan deflectors to scan the target surface; and
Jocusing the plurality of beamlets onto the target surface
onto which the pattern is to be transferred.

120. The method according to claim 119, further compris-
ing: creating relative movement in a first direction between
the plurality of beamlets and the target; and whevrein the step
of providing an array of electrostatic scan deflectors com-
prises providing strips oviented in a dirvection corresponding
to the first direction.

121. The method according to claim 119, further compris-
ing: creating relative movement in a first divection between
the plurality of beamlets and the target; and wherein the step
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of deflecting the electron beamlets comprises deflecting the
beamlets in a direction different from the first divection.

[22. The method according to claim 119, wherein the step
of deflecting the electron beamlets comprises applying alter-
nating voltages on consecutive stvips of the electrostatic scan
deflector electrodes.

123. The method according to claim 119, wherein the step
of providing an array of electrostatic scan deflectors com-

" prises providing a first group of strips and a second group of
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strips, the first group of strips being arranged to scan in a first
direction, the second group of strips being arranged to scan in
a second direction.

124. The method according to claim 123, wherein the first
dirvection is opposite to the second direction.

125. A method of operating an electron optical system
comprising an electron beam generator for generating an
electron beam, a target holder for holding a target onto which
one ov more beamlets ave to be projected, and at least one of:

a beam splitter for splitting the electron beam into a plu-
rality of beamlets;

one ov move electrostatic lens arrays for focusing the beam
or beamlets;

a modulation array comprising a plurality of modulators
for modulating the beam or beamlets;

a deflector array comprising a plurality of electrostatic
deflectors for deflecting the beam or a portion of the
beamlets in a predetermined divection; and

a second electrostatic lens array for focusing the deflected
beamlets;

the method comprising operating the system at an elevated
lemperature.

126. The method according to claim 125, whervein oxygen is

admitted to the system.

127. The method according to claim 125, wherein operat-
ing the system is performed at a temperaturve above 150 C.

128. The method according claim 125, wherein operating
the system is performed at a temperature below 400 C.

129. The method according to claim 125, wherein the oper-
ating temperature is elevated sufficiently to effect a reduction
of contamination of the system.

130. The method according to claim 129, further compris-
ing preheating the electron optical system at a temperature
between 1000 and 1500 C.

131. A method of operating an electron optical system
comprising an electron beam generator for generating an
electron beam, a target holder for holding a target onto which
one ov more beamlets ave to be projected, and at least one of:

a beam splitter for splitting the electron beam into a plu-
rality of beamlets;

one ov move electrostatic lens arrays for focusing the beam
or beamlets;

a modulation array comprising a plurality of modulators

for modulating the beam or beamlets;

a deflector arrav comprising a plurality of electrostatic
deflectors for deflecting the beam or a portion of the
beamlets in a predetermined divection; and

a second electrostatic lens array for focusing the deflected
beamlets;

the method comprising the step of admitting oxygen to the
system during operation.
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