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(57) Abstract

An electron beam aperture element (10) com-
prises a beam travel control member (15) with-a pas-
sage opening (15a) for travel therethrough of at least

part of an electron beam and with a blocking surface
(15b) for blocking part or all of the beam travel. The
aperture element further comprises a hollow body
(11) with a cylindrical inner wall (12) and a closure
plate (14) closing the upper end of the body cavity.
The inner wall (12) and the inner face of the closure
plate together bound a trap chamber (16) for scat-
tered electrons caused by blocking of beam or part
of the beam. The closure plate has a central passage
opening (14a) forming an entrance to the chamber,
the height of which is such that most of the scattered
electrons are dispersed in the chamber before they
can pass back to and exit through the entrance. A
shielding grid (17) of small surface area extends be-
tween the chamber entrance and the passage opening
(15a) in the control member. The grid is less sus-
ceptible to charging and consequently remains at low
potential, whereby it is able to electrically screen the
beam from higher potential charge locations at the
wall of chamber.
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WO 00/16370 PCT/EP99/06770

ELECTRON BEAM APERTURE ELEMENT WITH BEAM SHIELDING

The present invention relates to an electron beam aperture element and to an

electron beam column with at least one such element.

Aperture elements are used in electron beam columns to influence beam
shape or travel downstream of an electron gun and before electron emission
from the column. Such an element typically consists of a member with a
passage for part or all of the beam and a blocking surface adjoining an entry
opening of the passage. The blocking surface usually lies at least partly in a
plane perpendicular to the axis of the passage. When the element is to serve
for beam shaping, such as in association with a focussing lens, the passage is
calibrated at least at its entry opening and limits the beam to a desired
diameter. The blocking surface extends around the entry opening and blocks
onward travel of any beam electrons outside that diameter. When the element
serves to control travel of the entire beam, such as in a blanking unit operable
to provide transient cut-off of the beam, the beam as a whole is deflected
away from the entry opening so that all beam electrons impinge on the
blocking surface. The deflection is generally always to the same side of the
entry opening, but for ease of construction and assembly the blocking surface

completely surrounds the entry opening.

A particular problem with an aperture element used for such purposes is the
deleterious effect on beam shape and/or orientation resulting from electron
departure from the blocking surface. The departing electrons consist of
backscattered electrons and secondary electrons, which are impelled back
along the column in all directions and give rise to charge locations wherever
they impinge in significant concentrations upstream of the element. if a charge
location is eccentric with respect to the column axis, as is usually the case
and invariably so when the electrons are issued from a blanking unit, the
influence of the charge can cause distortion of the beam or deviation from
strict coaxiality with the column axis. This then requires corrective measures

to restore beam alignment, failing which position errors can arise in the part of

CONFIRMATION COPY
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the beam emitted from the column. Any such errors are of critical significance
in, for example, an electron beam lithography machine in which the beam
generates a writing spot to be positioned with a tolerance of a few nanometres

on an electron-sensitive substrate surface.

It is therefore the object of the invention to mitigate the effects of electrons
scattered from an electron beam aperture element, in particular so as to
prevent generation of undesired charge zones liable to act on the beam
before entry into the element. Other objects and advantages of the invention

will be apparent from the following description.

According to one aspect of the present invention there is provided an electron
beam aperture element comprising a beam travel control member provided
with a passage opening for travel therethrough of at least part of an electron
beam and with a blocking surface for biocking travel of part or all of the beam
through the passage opening, characterised in that the aperture element
further comprises a trap chamber which serves to trap scattered electrons
resulting from blocking or partial blocking of the beam and which has an
entrance for the beam at such a spacing from the passage opening that the
majority of scattered electrons within the chamber is dispersed therein before
reaching the entrance, and a shielding member which is disposed in the
chamber to extend between the chamber entrance and the passage opening
over at least the major part of said spacing and which has a smaller surface
area than the wall of the chamber so as to be liable to be charged by the
electrons to a lower potential than the wall thereby to electrically shield the

beam relative to the wall.

In the case of such an aperture element, the backscattered and secondary
electrons produced as a result of partial or complete blocking of the electron
beam are dispersed in a trap chamber of such size that only a small
proportion of the electrons reaches the chamber entrance, even though the
entrance has to be of sufficient width to accommodate a beam diameter larger

than the passage opening diameter in the case of a spray aperture element
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for beam shaping or to accommodate beam deflection in the case of a
blanking aperture element for beam blocking. The backscattered electrons
derived from incidence of the beam on the blocking surface in the shaping or
blocking process have an angular distribution within the chamber in the form
of a diffusion spray or cloud which is shaped in dependence on the cosine of
the angle between the blocking surface and beam axis and on the constituent
material of that surface, in practice generally a circular pattern with a variabie
degree of flattening and variable direction of the major axis. The spacing of
the chamber entrance from the passage opening is selected so that the
electron dispersion in the cloud attains its maximum ahead of the chamber
entrance. The dispersed electrons, however, impinge on the wall of the trap
chamber and this can create locally charged areas where contaminations,
such as dust particles or oil smears, are present. Charging can also occur if,
in the case of use of the aperture element in the vacuum environment of an
electron beam column, the vacuum is insufficient to counteract high-level
surface bombardment by electrons. The shielding member, which can have a
very much smaller surface area than the chamber wall, is consequently less
susceptible to localised charging and thus lies at a lower potential than the
wall so as to be able to protect the beam, during its normal trave! through the
control member passage opening, from deflection or distortion by charge
locations within the chamber. The trap chamber shape thus confines most of
the scattered electrons and the shielding member prevents beam alignment or

shape problems from arising within the chamber itself.

The shielding member preferably comprises an apertured wall member, such
as a grid or grill, bounding a through passage. The wall member is, for
preference, substantially cylindrical and the shielding member preferably
extends over substantially all of the spacing between the chamber entrance
and the passage opening of the control member. Construction of the shielding
member from, in effect, a cylindrical grid or grili results in minimal surface area

for picking up contaminations chargeable by scattered electrons.
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The trap chamber is preferably bounded by a substantially cylindrical inner
wall surface of a hollow body and by an inwardly directed face of a closure
plate closing the cavity of the body at an end thereof, the closure plate having
a central passage opening providing the chamber entrance. The machining of
such a hollow body is uncomplicated and the closure plate can be fitted so as -
to not only close the body cavity, but also to mount or contribute to the
mounting of the shielding member. The plate itself can be provided with at
least one further passage opening disposed outwardly of the central passage
opening and serving for vacuum equalisation between the interior and the
exterior of the aperture element when installed in an electron beam column. in
order to minimise or avoid escape of scattered electrons through the or each
vacuum equalisation passage opening, that passage opening or those
passage openings can be aligned with a radial face of an outwardly directed

step formed in the inner wall surface of the hollow body and adjacent to the

closure plate.

The control member is preferably mounted in the hollow body in the region of
an end of the body cavity opposite the closure plate. The blocking surface can
be substantially planar, in which case the control member can be formed by a
plate with an aperture providing the passage, or can be substantially frusto-
conical. In the latter case, the cone angle of the blocking surface can be such
as to cause the mean trajectories of electrons departing from the blocked or
partially blocked beam to extend at an oblique angle towards the substantially
cylindrical inner wall surface of the hollow body, as a result of which the
diffusion cloud of scattered electrons is directed entirely or aimost entirely
away from the chamber entrance. This arrangement provides particularly

effective confinement of the scattered electrons to the trap chamber.

According to a further aspect of the invention there is provided an electron
beam column comprising a casing, beam generating means arranged in the
casing and operable to generate an electron beam, and at least one aperture

element, preferably arranged to function as a spray aperture or a blanking
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element being arranged in the casing to be in the path of the beam.

Embodiments of the invention will now be more particularly described with

reference to the accompanying drawings, in which: -

Fig. 1 is a sectional view of a first aperture element embodying the

invention; and

Fig. 2 is a sectional view of a second aperture element embodying the

invention.

Referring now to the drawings, there is shown an aperture element 10 (Fig. 1)
or 20 (Fig. 2) intended to be mounted in the electron beam column of, for
example, an electron beam lithography machine and to function as a spray
aperture for shaping or a blanking aperture for blocking a high-energy electron
beam generated in the column. in the installed position of the aperture and

inactive state of the column, the element lies at ground potential.

The aperture element 10 shown in Fig. 1 comprises a hollow body 11 with a
cylindrical inner wall surface 12 symmetrical about an axis 13 and bounding
the body cavity, which is open at both ends. The inner wall surface 12 has an
outwardly directed step towards the upper end of the body, adjoined by a
further, smaller outward step providing a seat for a closure plate 14. The plate

14 is fixed in position and closes the body cavity in the region of its upper end.

The inner wall surface 12 additionally has two successive inwardly directed
steps towards the lower end of the body 11, the lower one of which steps
provides a seat for a beam travel control member in the form of a plate 15
serving to control electron beam travel. The plate 15 is also fixed in position

and closes the body cavity in the region of its lower end.

The closure plate 14 is provided with a central passage opening 14a
concentric with the axis 13 and a plurality of outlying passage openings 14b

aligned with the radial face of the first-mentioned outwardly directed step. The



WO 00/16370

10

15

20

25

30

plate 15 is provided with a central passage opening 15a similarly concentric
with the axis, but smaller in diameter than the passage opening 14a. The
passage opening 15a, which is optionally of calibrated diameter, allows travel
through the aperture element along the axis 13 and in the direction of the
arrowhead of the electron beam, which, upstream of the plate 15, may have a
diameter larger than that of the passage opening and consequently can be
shaped by the plate 15 to have the same diameter as the passage opening.
The upstream face of the plate constitutes a planar blocking surface 15b
serving to block travel of the beam electrons in the part of the beam diameter
exceeding the passage opening diameter or to block travel of all of the beam
electrons if the beam is deflected sufficiently far from the axis 13. in its travel
to the passage opening 15a in the plate 15 the beam passes through the
passage opening 14a in the plate 14, for which purpose the diameter of the
passage opening 14a must be large enough to allow the beam to pass along
the axis 13 or, if the beam is deflected as in the case of a blanking unit, along
an axis angled relative to the axis 13 without incidence of any beam electrons

on the plate 14.

The inner wall surface 12 of the body 11 and the inwardly directed face of the
closure plate 14 together bound a trap chamber 16 for scattered electrons
resulting from the partial or complete blocking of the travel of the beam
through the passage opening 15a and the consequent collision of some or all
of the beam electrons with the blocking surface 15b. The scattered electrons
consist of high-energy backscattered electrons from the beam itself and
secondary electrons generated by electron bombardment of surfaces within
the trap chamber. The backscattered electrons form, within the trap chamber,
a diffusion cloud having a circular shape flattened to a greater or lesser
degree depending on, in particular, the angle of incidence of the beam on the
blocking surface 15b. The height of the trap chamber, as represented by the
spacing of the plates 14 and 15 and in particular of the passage opening 14a
in the former from the passage opening 15a in the latter, is selected to be

sufficiently large for the electrons in the cloud to have achieved maximum

PCT/EP99/06770
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dispersion ahead of the passage opening 14a, which forms the entrance to
the chamber for the beam and necessarily also an exit for the scattered
electrons. Due to the achieved dispersion, the majority of stray electrons are
confined to the trap chamber and do not escape back through the chamber

entrance.

Within the chamber itself, any dust particles, smears or other contaminations
adhering to the inner wall surface 12 of the body 11 or the inward face of the
closure plate provide locations susceptible to charging up to a relatively high
potential by impinging electrons. If any such charge locations should form,
they can exert a distorting influence on the beam during normal travel of the
beam through the passage opening 15a. Even slight deflection of the beam
from coaxiality with the axis 13 can lead to relatively significant errors in the
beam orientation downstream of the aperture element 10. Errors of this kind
are particularly problematic in the case of, for example, a beam used to write
patterns on a substrate with a high degree of accuracy as described in the
introduction. To protect the beam from such influences, a shielding member
17 in the form of a cylindrical metal wire grill is arranged in the chamber
concentrically with the axis 13 to extend between the plates 14 and 15, in
particular between the chamber entrance formed by the passage opening 14a
in the former and the passage opening 15a in the latter. The shielding
member 17 is secured at its top end to the plate 14. Because of its mesh
construction, the shielding member 17 has a very small surface area by
comparison with that of the wall of the chamber and therefore remains largely
free of contaminations able to form charge locations. The shielding member
17 thus retains a lower electric potential by comparison with the chamber wall

and electrically screens the beam from the higher potential of the wall.

The environment of the column in which the aperture beam is to be mounted
is evacuated when the beam is generated and, since the aperture element 10
usually forms a partition element in the column interior, the passage openings
14b in the closure plate 14 function as vacuum pumping holes to permit

equalisation of vacuum between the trap chamber and exterior of the aperture

PCT/EP99/06770
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largely screens these passage openings from scattered electrons in the trap
chamber. Similar passage openings (not shown) can be present in the control

member plate 15.

The plate 15, or at least its blocking surface 15b, consists of a metallic
material, such as an aluminium-based alloy, with a low total electron yield.
The yield, which is proportional to the atomic number of the material used, is
preferably at most about 20 percent with the expected angle of beam
incidence. The hollow body 11, closure plate 14 and shielding member 17 are
also made of a low-yield material, preferably the same material as the plate
15. The desired minimisation of secondary electron emission can also be
achieved, if appropriate, by coating low-yield material on another material

having desired other properties.

The aperture element 20 illustrated in Fig. 2 similarly comprises a hollow body
21 with a cylindrical inner wall surface 22 concentric with an axis 23 and a
closure plate 24 which is seated on an outwardly directed step of the inner
wall surface to close the upper end of the cavity in the body and which is
provided with a central passage opening 23a and vacuum equalisation
passage openings 23b, the latter in this case not being screened by a step
face. The lower end of the cavity is closed by a beam control member which in
this instance consists of a plate 25 provided with vacuum pumping holes and
carrying a cone body 28 with a bore forming a calibrated passage opening
26a for the beam. The entry opening of the passage opening 26a is
surrounded by a frusto-conical blocking surface 26b which, at the upstream
side, includes an angle of at least 135°, preferably about 140°, with the axis
23. A sharp edge results at the entry of the passage opening 26a, optionally
enhanced by inward taping of the entry end portion of the bore, to provide a
clear division between those electrons admitted to and those excluded from

the passage opening 26a.
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As in the case of the aperture element 10 of Fig. 1, the inner wall surface 22
of the body 21 and the inwardly directed face of the closure plate 24 bound a
trap chamber 27 for scattered electrons resulting from partial or complete
blocking of the electron beam. Similarly, a low electric potential shielding
member 28 having the same function as the shielding member 17 in Fig. 1 is
arranged in the trap chamber 27 to electrically shield the beam from the
higher electric potential prevailing at the wall of the trap chamber. In the case
of the aperture element 20, the cone angle of the blocking surface 26b is such
that backscattered electrons derived from the beam depart from the surface in
a spray having a mean trajectory which forms an oblique angle with the
surface, whereby the departing electrons are directed generally away from the
chamber entrance represented by the passage opening 24a. The subsequent
deflection of the electrons and emission of secondary electrons take place
within the chamber in such a manner that energy dissipation and absorption
by the constituent or coated low-yield material of the chamber wall largely
preclude escape of damaging stray electrons from the chamber. The frusto-
conical blocking surface 26b is more effective than the planar blocking surface
15b and is preferred in cases where the aperture element size is larger and
the cone body 26 can thus be produced without undue attention to surface

tolerances.

The aperture element 10 or 20 embodying the invention is able to prevent or
reduce uncontrolled scatter of electrons which might otherwise produce
charge locations upstream of the element. Consequently, drift of the beam

position due to electron charging is eliminated or reduced.
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CLAIMS

An electron beam aperture element comprising a beam travel control
member provided with a passage opening for travel therethrough of at
least part of an electron beam and with a blocking surface for blocking -
travel of part or all of the beam through the passage opening,

characterised in that the aperture element further comprises a trap

chamber which serves to trap scattered electrons resulting from blocking

or partial blocking of the beam and which has an entrance for the beam at
such a spacing from the passage opening that the majority of scattered
electrons within the chamber is dispersed therein before reaching the
entrance, and a shielding member which is disposed in the chamber to
extend between the chamber entrance and the passage opening over at
least the major part of said spacing and which has a smaller surface area
than the wall of the chamber so as to be liable to be charged by the

electrons to a lower potential than the wall thereby to electrically shield

the beam relative to the wall.

An aperture element according to claim 1, characterised in that the
shielding member comprises an apertured wall member bounding a

through passage.

An aperture element according to claim 2, characterised in that the

apertured wall member is formed by a grid or grill.

An aperture element according to claim 2 or claim 3, characterised in that

the apertured wall member is substantially cylindrical.

An aperture element according to any one of the preceding claims,
characterised in that the shielding member extends over substantially all

of said spacing.

An aperture element according to any one of the preceding claims,

characterised in that the trap chamber is bounded by a substantially
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11.

12.

13.

11

cylindrical inner wall surface of a hollow body and by an inwardly directed
face of a closure plate closing the cavity of the body at one end thereof,
the closure plate having a central passage opening providing the chamber

entrance.

An aperture element according to claim 6, characterised in that the
closure plate is provided with at least one further passage opening
disposed outwardly of the central passage opening and serving for
vacuum equalisation between the interior and the exterior of the aperture

element when installed in an electron beam column.

An aperture element according to claim 7, characterised in that the inner
wail surface of the holiow body has an outwardly directed step adjacent to
the closure plate and the or each further passage opening in the plate is

aligned with a radial face of the step.

An aperture element according to any one of claims 6 to 8, characterised
in that the control member is mounted in the body in the region of an

opposite end of the body cavity.

An aperture element according to ciaim 9, characterised in that the

blocking surface is substantially planar.

An aperture element according to claim 10, characterised in that the

control member comprises a plate.

An aperture element according to claim 9, characterised in that the

blocking surface is substantially frusto-conical.

An electron beam column comprising a casing, beam generating means
arranged in the casing and operable to generate an electron beam, and at
least one aperture element according to any one of the preceding claims

arranged in the casing to be in the path of the beam.
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14. A column according to claim 13, characterised in that the at least one
aperture element is arranged in the column to function as a spray

aperture.

15. A column according to claim 13, characterised in that the at least one
5 aperture element is arranged in the column to function as a blanking

aperture.

16. An aperture element substantially as hereinbefore described with

reference to Fig. 1 or 2 of the accompanying drawings.
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