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Projection lithography device utilizing charged particles.

‘The invention relates to a lithography device for carrying out projection
lithography by means of a beam of charged particles, which device includes an imaging
particle-optical system for imaging a lithographic object structure on_'a lithographic imaging
surface by means of said beam, said particle-optical system including a substantially
telescopic system with a first and a second round particle lens which are arranged to produce
a first and a second rotationally symmetrical lens field, respectively. -

. A device of this kind is known from an article in Proceedings SPIE
"Electron-Beam Sources and Charged-Particle Optics”, 10-14 July, 1995, by W.K.

- Waskiewicz et al., entitled "Electron-Optical Design for the SCALPEL Proof—of Concept

Tools", published in SPIE, Vol. 2522, 1995. _

Particle-optical imaging, notably electron-optical imaging, can be used for
the lithographic manufacture of very small structures, such as integrated electronic circuits or
masks for such circuits, with a resolution which is less than the wavelength of hght

- The imaging of a lithographic object structure on a lithographic i unagmg surface .
by means of electrons can in principle be carried out in two ways: sequentially and non-

sequentially. In the case of sequential imaging, the emissive surface of an electron source, or

- a part thereof, ‘is imaged, at a strongly reduced scale, on the lithographic imaging surface.on -
- which the lithographic structure to be formed is to be provided. This image of the electron

source (the "spot”) is displaced across the object by means of, for example deflection coils,

the electron beam being blanked or not during said displacement. The pixels of the pattern to

be imaged are thus sequentially written onto the lithographic imaging surface. As the
dimensions of the lithographic structure are larger, significantly more time will be required
for the scanning writing of this structure, i.e. an increase in time in proportion to the surface
area of the structure. Because nowadays in the integrated circuit technique there is a strong
tendency to image: increasingly larger structures, the throughput during the production of
integrated circuits decreases strongly, so that this method of imaging is becoming
increasingly more objectionable.

In the case of non-sequential imaging, the lithographic object structure to
be imaged is uniformly irradiated by means of the electron beam and a focusing lens system
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is used to form an image, reduced or not, of the lithographic object structure on the
l_ithdgraphic imaging surface. The pixels of the pattern to be imaged are thus simultaneously,

_ l.e. not sequentially, projected onto the lithographic image surface. Therefore, this method of

lithography is also called projection lithography.

The cited article describes a projection lithography method in which a
lithographic object structure is imaged on a lithographic imaging surface by means of a
system of rotationally sym:hetrical electron lenses. Such a lithographic object structure can
be formed by a (comparatively large) rendition of a lithographic mask which is to be imaged
on a lithographic imaging surface in order to derive the actual (much smaller) lithographic

‘mask therefrom. The liiho'graphic object structure to be imaged may also be formed by the

actual mask, which is the'n‘imaged on the lithographic imaging surface (in that case being a .
wafer) in order to form integrated circuits therefrom. This known lithographic method is
called SCALPEL® ("Scattering with Angular Limitation Projection Electron-beam
Lithography". The imaging system of electron lenses therein is: formed by two electron " -
lenses, having a rotationally symmetrical lens field, which togeiher-‘-constitute a telescopic
system.

In the context of the present invention a telescopic system is to be.

understood to mean a system of lenses which converts an incident paralle] beam into a

‘parallel outgoing beam. The simplest form of such a system consists of two lenses having a

common optical axis, the rear focus of one lens being coincident with the front focus of the
other lens. Projection lithography requires a telescopic system, because a comparatively large
lithographic object structure (having a diameter of the order of magnitude of 1 mm) must be -
completely imagéd on the lithographic imaging surface. The edges of the structure should in
principle be just as sharp as its center, which means that the imaging defects at the edges.of
the structure to be imaged may . hardly be greater than those at the central parts. This -~
condition can be optimally satisfied only if the imaging system is a telescopic system, so that
for the present invention it is of essential importance to perform the imaging by means of -
such a system.

During the production of integrated circuits by means of projection
lithography the throughput is determined by the magnitude of the current in the electron
beam whereby the lithographic object structure to be imaged (so the mask to be imaged in
the case of IC manufacture) is irradiated. A limit is imposed as regards the current in the
electron beam because the electrons in the beam repel one another (the so-called Coulomb

interaction), causing an energy spread of the electrons in the beam and distortion of the
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beam. Both effects are greater as the current in the electron beam is larger, and cause
imaging defects by the i nnagmg system. The imaging defects may not exceed a specified

,value,'so that an upper limit is also imposed as regards the current in the beam, and hence

also as regards-the throughput of the integrated circuits to be produced.
The described repulsion. effect is strongest in the part of the electron beam
where the spacing of the electrons in the beam is small, i.e. at the area of a cross-over in the

electron beam. Such a cross-over occurs between said two round lenses which together

constitute the telescopic system, that is to say at the area of the coincident focal points of the

~ two lenses. Even though it may occur that-cross-overs are also formed in the electron beam
‘ahead of the telescopic system, such cross-overs do not have an effect on the (geometrical)
“imaging defects, because they are situated in the irradiating part of the beam_a_nd do not
-occur in the imaging beam path between the object (the lithographic object structure) and the
‘image (the hthographnc imaging surface).

* It is an object of the invention to make said limitation of the current in the
electron beam less severe, and hence increase the throughput during the production of -
integrated circuits. _ , _
- To this end, the lithographic device -according to the invention is
characterized in that the particle-optical system includes first quadrupole means and second
quadrupole means which are arranged to produce a first and a second quadrupole field,
respectively, the converging effects of said quadrupole fields on the beam intersecting one
another at substantially right angles, said first and second quadrupole fields-béing
substantially coincident with the first and the second ‘rotationally symmetrical lens field,

-respectively, the strength of the quadrupole fields being such that the lithographic object. -
‘structure to be imaged is stigmatically imaged on the lithographic imaging surface. .

- As is known from particle optics, a quadrupole field has a purely
converging effect on a beam of charged particles in a first plane containing. the optical axis
whereas it has a purely diverging effect in a plane which extends perpendicularly thereto and -

contains the optical axis. When two successive quadrupoles are rotated 90° relative to one

‘another, the converging effect of the first quadrupole will be directed perpendicularly to the
converging effect of the next quadrupole. However, it may be that a rotation of the beam

about the optical axis takes place between the two quadrupoles (as it occurs upon passage:

through a rotationally symmetrical magnetic field), so that the next quadrupole would have to
be rotated through the same angle in order to keep its converging effect perpendicular to that
of the first quadrupole. Because stigmatic imaging by two quadrupoles is possible only if the
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diverging effect of one quadrupole is compensated by the converging effect of the other -
quadrupole (and vice versa), in the context of the present invention the described situation is
that in which quadrupole fields have convergmg effects which intersect one another at right
angles. . - '
In order to obtain a stigmatic image despite the described arrangement of
the quadrupoles, the st'ren"gths of the quadrupoles generally '-w'ill not be compietely equal.
Because of thls arran‘ge:mex'xt_i and the unequal strengths, the in‘agniﬁéation in one plane
through the optical axis (the x-z plane) will deviate slightly. from that in a plane which
extends perpendicularly thereto and through the optical axis (the y-z plane). If this
phenomenon is undesirable, this inequality can be compens_aféd by changing the length-to-
width ratio of ,the'-lithogr’éphic object structure to be imag_ed-: in the same ratio; this can be -
readily done because such ‘object structures are always designed by means of a computer, so
that this changed ratio can be simply taken into account. |
Itis to be noted that from Japanese patent application 5-286948, pubhshed .
on 02.06.95 (filed on 16._11.93, publication No. 7-142318), it is known per se to counteract
the Coulomb interaction m "an electron beam traversing a ;éns system by distorting a cross-

- over by means of two quhdrupbles_whic’h'are arranged at the area of the cross-over in order

to form a beam structure having an gé’nlarged' beam-cross-se¢tion. The imaging systems

 known from the cited do@ment, however, are intended to form a spot shape for a sequential

imaging application (so the scanning exposure of the lithographic imaging surface).

- According to the method :d__,'escribed' in the cited document th_e_} desired spot shape is obtained

by imaging a beam-limiting gap onto a second beam-limiting gap and by imaging this. .
assembly in its turn 6nto a lithographic imaging surface. It will be evident that this is not a -
matter of projection lithbgraphy-'and therefore, the cited document does not offer any hints
as to which steps are reqmred o as to maintain the telescoplc nature when quadrupoles are
added in projection lxthography

The invention is based on the recognition of -__the fact that, when quadrupoles are
added, the telescopic na_txi_r_e of the imaging particle-optical system, being of crucial
importance, can be preserved only if the first quadrupole ig substantially coincident with the
first lens and the second quadrupole is substantially coincident with the second lens. The
excitation of each of the quadrupoles must be adjusted in such a manner that the image is . -
stigmatic. If the original distance between the rotationally symmetrical lenses is to be
maintained, the excitation of the second round lens (being the lens situated nearest to the

" image) must be adapted slightly (to the order of magnitude of some tenths of a percent) in
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“order to maintain the telescopic nature of the system thus foritied.

Ina prefgp;ed embodiment of the lithography device according to the
invention, the various parameters of the imaging particle-optical system have the values

of the magnification in the x-z plane M, to that in the y-z plane M, is still acceptable; outside
this interval the ratio deviates too much from the value 1 for all practical purposes..
_In a further preferred embodiment of the lithography device according to

-the invention, the various parameters of the imaging particle-optical system have the values

stated in Claim 3. Simulation of the beam path in this embodiment reveals that for the value
defined for the parameter a in said Claim the current in the beam may be approximately 2.65
times larger than the beam current in a similar system without quadrupoles. This also implies
an increase of the throughput by the same factor.

Further advantageous embodiments of the invention are disclosed in the
other Claims. _ .

The invention will be described in detail hereinafter with reference to the
Figures in which corresponding reference numerals denote corresponding elements. Therein:

Fig. 1 is a diagrammatic representation of an imaging particle-optical
system for the imaging of a lithographic object structure on a lithographic imaging surface
according to the present state of the art;

Fig. 2 is a diagrammatic representation of an imaging particle-optical
system as-shown in Fig. 1 which is provided with quadrupole means according to the:
invention;

Fig. 3 is a diagrammatic representation of the particle-optical system of .

“ Fig. 2 which shows the arrangement of the quadrupoles in the round lenses;

- Fig. 4 is a diagrammatic representation of a round lens of the particle-
optical system of Fig. 2 which shows an alternative arrangement of the quadrupole.

Fig. 1 is a diagrammatic representation of a state of the art imaging
particle-optical system for imaging a lithographic object structure on a lithographic imaging
surface. In this Figure an electron beam is produced by an electron source 2. The electron
beam travels through the lens system along an optical axis 4. The system shown also consists
of two round (i.e. rotationally symmetrical) lenses 8 and 10 whose axes coincide with the
optical axis of the system. Even though this Figure shows these round lenses in the form of
gap lenses, they may also be constructed as immersion lenses or so-called VAL lenses
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(Variable Axis Lenses). The optical axis in a VAL lens may be shifted slightly parallel to
itself by arranging one or two dipoles in the lens; these dipoles realize a field distribution
perpendicularly to the optical axis. Both lenses 10 and 12 image a lithographic object
structure 14 to be imaged, for example a lithographic mask, on a lithographic xmagmg .
surface 16, for example a wafer on which integrated circuits are to be formed. In the system
shown, the focal length f; o_f the lens 10 equals 160 mm, l_iké the distance d, from the mask
14 to the lens 10. The focal length f, of the lens 12 equals 40 mm, like the distance d, from
the lens 12 to the surface of the wafer 16 to be irradiated. It appears from these numbers that
the mask is imaged on the wafer with a reduction factor amounting to 160 : 40 = 4 : 1,
When the ratio of the diameter of the bore to the gap (bore to gap ratio) of the two.lenses is
chosen to be equal and the excitation of these lenses is equal but oppesed, this system will

‘cause hardly any or no image rotation.

The mask 14 to be imaged on the surface of the wafer 16 is irradiated by
means of two condensor lenses 6 and 8 which form a more or less parallel beam of a width
of approximately 1 mm at the area of the beam cross-section 20, that is to say at the area of
the mask 14. This Figure also shows a round beam-limiting diaphragm 24 which has a
diameter of 160 um at the area of the coincident focal points of the lenses 10 and 12. From
the stated values of the focal length f; of the lens 10 and the' diameter of the diaphragm 24 it
also follows that the anglé of aperture 26 of the electron beam equals 1 mrad. - _

Fig. 1 shows two beam paths: the: beam path of the irradiating beam 28 -

‘(shown in solid lines) and that of the imaging beam 30 (shown in dashed lines). Even though
- the irradiating beam and the imaging beam are not separate:beams but form part of the beam -

of electrons emanating from the source 2, a distinction is made between the two imaginary

beams 28 and 30 so as to elucidate the different functions (irradiation and imaging). The rays
of the irradiating beam 28 are incident in paraliel on the mask 14 via the condensor system
6, 8. The parallel rays are "focused, via the lens 10, in the common focal plane of this lens
and the lens 12, after which they emanate in parallel again from the lens 12 so as to travel in -
the direction of the imaging surface 16. Via the condensor system 6, 8, the rays of the
imaging beam 30 are incident on the mask 14 in'a non-par_éllel manner. Consequently, the
mask 14 is imaged in infmity by the lens 10, i.e. the rays ¢manating from a given point of
the mask 14 emanate from the lens 10 as a parallel beam. The lens 12 focuses this parallel
beam on the imaging surface 16 which coincides with the réar focus of the lens 12. The.
mask 14 irradiated by the beam 28 is thus imaged on the imaging surface 16.

Between the two lenses 10 and 12, together constituting the telescopic
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system, a cross-over 18 is formed at the area of the coincident focal points of the two lenses.
Thus, the highest spatial concentration of electrons between the lenses 10-and 12 occurs at
this point in the beam path, so within the aperture of the round beam-limiting diaphragm 24

‘which has a diameter of 160 pm. The dimension of the diaphragm 24 is determined by the
- required angle of aperture of the imaging beam, which angle of aperture itself is imposed by

the permissible imaging defects, so by the desired resolution of the image. .

Fig. 2isa diagrammatié-_ representation of a modification of the imaging
system shown in Fig. 1. This modification implies that the system of Fig. 1 is extended with
two quadrupoles in conformity with the invention. These quadrupoles coincide with the two
round lenses 10 and 12, having the effect that the strength of the lens 10 has apparently
increased slightly and the strength of the lens 12 has decreased slightly in one plane through
the optical axis (the x-z plane), whereas in the plane through the optical axis perpendicular
thereto the strength of the lens 10 has apparently decreased slightly and the strength of the
lens 12 has increased slightly. The two quadrupoles afe not explicitly shown in Fig. 2, but
their presence is indicated by a larger or smaller curvature of _.the two lenses 10 and 12,
indicating the increased and decreased strength, respectively. Due to the presence of these-
two quadrupoles, two mutually perpendiculai' focal lines 36 and 38 appear instead of the -
original cross-over 18 in Fig. 1. Accordingly, the originally round diaphragm 24 of Fig. 1 is
replaced in Fig. 2 by two mutually perpendicular gaps which have the same direction as the
associated focal lines, i.e. the gap 32 for the x-z plane and the gap 34 for the y-z plane.

The original projection system of Fig. 1 is telescopic, i.e. the transfer

ol e
]' | 0
M _

matrix T of this system has the following form:

|

in'which M is the angular magnification of the system and

0 :z'_lv-'

C = 0. In the present system M = -4,

In the modified system of Fig. 2, C can no longer be exactly equal to
zero but, since C remains small, the image quality on the imaging surface 16 is not
noticeably influenced thereby. The angular magnifications in the x-z plane and the y-z plane

thus become slightly unequal, but this inequality can be compensated by changing the
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In order to determine the parameters holdmg for the system shown in Fig.
- 2 the followmg quantmes are deﬁned f, and £, are the focal lengths of the lens 10 and the

lens 12, respectively; d, is the distance from the mask 14 to the lens 10; d, is the distance
from the lens 12 to the i magmg surface 16; 9 and q, are the focal lengths of the quadrupole - -
coinciding with the lens 10 and of the quadrupole coinciding with the lens 12, respectively.
'Also defined are the quantmes M, and M, which represent the angular magnification in the

~ x-z plane and the angular magmﬁcatlon in the y—z plane, respectively, and the quantity C, .

(see the expression 1)) for the imaging in the x-z plane and the quantlty_ C, for the imaging in
the y-z plane. In the system shown in Fig. 2, in which f; = d, is chosen again, the aim is for

stigmatic imaging (i.e. the focusing in the x-z plane takes place in the same way as the -
focusing in the y-z plane) 01’1 the specified imaging surface 16, the image being kept in

telescopic form as much as possible. Subject to these conditions the following expressxons -

can be derived for f, and qz

;. G(dE+2dd, +df - gf)
*  d’+3dd,+2d}-gqf

and

 ~d?-2dd,~di+af
Qz = ; Q':.

For these settings it holds for the quantities M,, C,, M, and C, that:

M = dl(d1+d2-q1)
x A

_(d, +d,) (di + d, (d, -q;) +d,q,)

C. =
x ddq,(d, +d, - q,)

U XGRS Y
Yo d '
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C =- (d, +d,) (df - d,q, +dy (d, + q@y))

= T AACKTETAR 0)

When d, = 160 mm, d, = 40 mm and g, = 1600 mm are chosen, the values of the various

parameters' will be as stated in the following Table I:
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Table 1

- It follows from the above Table I that the focal length f, of the lens 12 must be

approximately 0.3% larger. It also appears that the magnifications in the x-z plane and in-the -
y-z plane deviate 12.5% from the nominal value M = 4. | _

Even though Fig. 2 shows the beam 28 behind the condensor lens 8 (so in
the region of the mask 14 and the lenses 10 and 12) as a pé.rallel beam, due to-the desired - -
angle' of aperture this beam in reality exhibits the angular Spread associated with the relevant . -
angle of aperture, said spread amounting to 1 mrad in a préqtical situation. For the cross-
over 18 this results in a dimension of 160 pm, which is alsb the transverse dimension of each
of the gaps 32 and 34. 'I‘hé main function of these two gaps is the interception of electrons -
which have been scattered in the optical path over these géi)s, so that they would actually
miss the actual crossover and reduce the resolution becausé of their imaging defects.

It will be evident that, due to the occurrence of the focal lines 36 and 38,
the smallest cross-section of the electron beam will be situated approximately haifway

between the two focal lines. The enlargement of the beam cross-section due to the
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. astigmatism of a quadrupole can be simply estimated; this is also the dimension of this

smallest cross-section. An approximative value in this respect is:

p=aft ®)

1241

“in which d is the diameter of approximately ! mm of the beam in the vicinity of the mask

14. Using the values stated in the Table, it follows that D = 100 gm. Because the angular
spread of the beam already causes a dimension of the focal lines of approximately 160 um, -
the total diameter of the beam between the two focal lines 36 and 38 becomes equal to 260
pm. Because the original crossover 18 in Fig. 1 amounted to 160 um, the surface area of the

-cross-section of the beam has thus increased by a factor of (260/160)* =~ 2.65. The

permissible current in the beam, therefore, can increase by the same factor, so that the
throughput during the production of integrated circuits can also increase by a similar factor.
Fig. 3 shows the particle-optical system of Fig. 2 so as to illustrate the

-arrangement of the quadrupoles in the round lenses. The first round lens 10 consists of an

iron circuit 10-2 for concentrating the magnetic field generated by the coil 10-4 in the
vinicity of the optical axis. Within this round lens there are also arranged the quadrupole
means, in this Figure being diagrammatically represented by a coil 10-6. The second round
lens 12 has the same structure as the first round lens 10 and consists of an iron circuit 12-2.

- The quadrupole means, again diagrammatically represented by a coil 12-6, are also arranged

within this round lens. The quadrupole means 10-6 and 12-6 may each have a known shape.
They may be constructed so as to.include four physical poles for generating the desired
quadrupole field, but may also be constructed in the form of multipoles, for example eight-
poles, ten-poles or twelve-poles which, using a suitably chosen excitation, can generate the

- desired quadrupole ficlds as well as higher-order fields for the correction of imperfections in

the quadrupole fields. When the quadrupole fields are generated by physical ten-poles or
twelve-poles, it is possible to shift the optical axis of said element parallel to itself. In that
case the quadrupole can be advantageously used in combination with the VAL lens mentioned
with reference to Fig. 1. It is thus possible to shift the optical axis of the quadrupole simply
with that of the VAL lens.

Fig. 4 shows an alternative in respect of the arrangement of the
quadrupole in the round lens. The quadrupole in this embodiment is split into two equal parts
10-8 and 10-10 in the direction of the optical axis. These two parts can be identically excited
in such a manner that the overall quadrupole strength of the two parts together equals that of
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the singié qﬁadrupolé shown in Fig. 3. This configuration can be chosen when the single

quadrupole would be excessively subject to the effects of the magnetic field of the round lens

10.
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CLAIMS:

1. _ A lithography device for carrying out projection lithography by means of
a beam of charged particles, _

which device includes an imaging particle-optical system for imaging a
lithographic object structure (14) on a lithographic imaging surface (16) by means of said
beam, .

said particle-optical system including a substantially telescopic system with
a first and a second round particle lens (10, 12) which are arranged to produce a first and a
second rotationally symmetrical lens field, respectively,
characterized in that _ :
the particle-optical system includes first quadrupole means (10-6) and
second quadrupole means (12-6) which are arranged to produce a first and a second __
quadrupole field, respectively, |

the converging effects of said quadrupole fields on the beam intersecting
one another at substantially right angles, o o

said first and second quadrupole fields being substantially coincident with
the first and the second rotationally symmetrical lens field, respectively,

the strength of the quadrupole fields being such that the lithographic
object structure to be imaged is stigmatically imaged on the lithographic imaging surface.

2. : A lithography device as claimed in Claim 1, in which q, = fi/a, q, =
{(1/2)-(252/16)}f, and f, = {(16-25a%)/(64-120a%)}f,, where '

q, = the focal length of the first quadrupole means,

f; = the focal length of the first round particle lens,

a = a parameter whose absolute value lies between 0.01 and 0.5,

q = the focal length of the second quadrupole means, and

f, = the focal length of the second round particle lens.

3. . A lithography device as claimed in Claim 2, in which s = 1.25f,, d, =
fi,d, =f/4,q, = 10f,and a = 0.1, Where

sumsrrrore seeerwozezo | ITHAR) RN
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s = the distance between the first and the second round particle lens, _
d, = the distance between the lithographic object structure and the first round particle lens,
_ 4, ='the distance between the lithographic nnaglng surface and the second round particle -
lens.

4. " A lithography device as claimed in one of the preceding Claims, in which
the first and the second quadrupole means form two mutually perpendicular focal lines (36,
38) and in which two parallel, mutually perpendicular gaps (32 34) are pmvnded between the
two round lenses at the area of said focal lines.

5 ' A lithography device as claimed in Claim 4, in which the width of each of
the gaps lies between 100 and 200 pm. | |

6. A method of manufacturing an integrated electronic circuit in which a
projet:tion lithographic image of a lithographic object structure (14) is formed on a
lithographic imaging surface (16) forming part of the integrated electronic circuit by means
of a beam of charged particles, which image is realized by means of a substantially telescopic
particle-optical system which includes a first and a second rotationally symmetrical lens field,

characterized in that

the imaging beam is subjected to the effects of a first and a second quadrupole field,
respectively, the converging effects of said quadrupole fields on the beam intersecting one
another at substantially right angles, '

said first and second quadrupole fields being substantially coincident with the first and the
second rotationally symmetrical lens field, respectively, .
the strength of the quadrupole fields being adjusted so that the hthographxc object structure to -
be imaged is stigmatically imaged on the lithographic imaging surface.

7. A method as claimed in claim 6, in which such a strength is imparted to the
rotationally symmetrical lens fields and the quadrupole fields that q, = f\/a, g, =
{(1/2)-(252/16)}f, and £, = {(16-25a%)/(64-120a%)},, where - -

q, = the focal length of the first quadrupole field, e
. This Sheet Has Been

f; = the focal length of the first rotationally symmetrical lens field, | I ’u’,” I”!” m, m I,

| a = a parameter whose absolute value lies between 0.01 and 0.5, iHiha il ias
: H
q, = the focal length of the second quadrupole field, and
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f, = the focal length of the second rotaitionally symmetrical lens field.

8. A method as cﬁiﬁed in Claim 7, in which the disfances between the elements
to be'imaged and the imaging elements are such that '

s = 1.25f,, 4, = £}, d, = /4, q, = 10f; and a = 0.1, where

s = the distance between the center of the first rotationally symmetrical lens field and the
center of the second rotationally symmetrical lens field, ..

d, = the distance between the lithographic object structure and the center of the first

rotationally symmetrical lens field,
d, = the distance between the lithographic imaging surface and the center of the second
‘rotationally symmetrical lens field.

9, A method as claimed in any one of Claims 6-8, in which the first and the
second quadrupole field form two mutually perpendicular focal lines (36, 38) and in which
two parallel, mutuaily perpendicular gaps (32, 34) are .provided between the two rotationally
symmetrical lens fields at the area of said focal lines.

10. A method as claimed in Claim 9, in which the width of each of the gaps lies-

between 100 and 200 pm.
_ R —
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