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[57] ABSTRACT

An adjusting device for a charged particle beam in
which the two desired beam movement facilities i.e., a
deflection and a transverse displacement, are adjust-
able independently of each other. This is realized by
providing an adjustable coupling between each two
deflector elements of two deflection systems which
follow one another in the beam direction.

9 Claims, 3 Drawing Figures
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1 .
‘ADJUSTING DEVICE FOR A PARTICLE BEAM

An adjusting device of this type is used particularly
in electron or jon-optical devices and serves to make
the particle beam coincide with an optical axis of the
device. For this purpose, an adjusting device of this
type must be provided with two adjusting facilities by
which a change in direction and a displacement of the
beam at right angles to the direction of propagation can
be imparted to the particle beam.

An adjusting device of this kind for use in an electron
microscope is described in British Pat. No. 1,193,250.
In the adjusting device described in this application an
alternating field is applied to one adjusting facility, dur-
ing adjustment of the other of the adjusting facility, so
that the adjustment to be provided periodically is an
optimum. Thus, each of the adjusting facilities can be
adjusted while using the optimum passage of the other
adjusting facility as a reference. A drawback of this
method is the necessity to apply alternating fields to the
deflection units, so that provisions against mutual influ-
encing have to be taken. Furthermore, the intermittent
“behaviour of the reference moreover makes adjustment
difficult.

The invention has for its object to provide an adjust-
ing device in which either of the adjusting facilities can
be adjusted independently of the other facility, while
the motion of the beam may directly be observed, for
example on an image screen. According to the inven-
tion, an adjusting device of the kind set forth is charac-
terized in that the deflection systems are coupled so
that the ratio of the deflection angles in both systems
is inversely proportional to the distance of the plane of
deflection of each of the deflection systems from an ar-
bitrarily chosen third plane parallel with the deflection
planes.

Owing to the coupling of the two deflecting systems
it is possible, for example, to optimize a landing area of
the particle beam on a screen for each adjusting facility
and to perform each of the beam displacements con-
secutively. According to a preferred embodiment of
the invention, the deflecting systems are formed by
electromagnetic coils, which are coupled for one and
the same energizing current strength by appropriate
proportioning and winding.

The invention will now be described with reference
to the accompanying drawing, in which

FIG. 1 is a diagrammatic cross-sectional view of an
electron microscope provided with an adjusting device
according to the invention,

FIG. 2 is a cross-sectional view taken on the line
HI—II in FIG: 1 of a deflection unit of the adjusting de-
vice, and

FIG. 3 shows diagrammatically the path of a particle

- beam with respect to an optical axis at the area of the
adjusting device.

Referring now to FIG. 1, an electron microscope 1
contains, in the direction of propagation of an electron
beam 3 emitted from an electron gun 2, in succession,
for example, an accelerating anode 4, a condenser lens
§, a diaphragm 6, an objective lens 7, an object or spec-
imen 8, a projector lens 9 and an image screen 10
which preferably forms part of an envelope 11 of the
microscope 1. Mounted, for example, between the ac-
celerating anode 4 and the diaphragm 6 are a first de-
flection system 12 and a second deflection system 13.
Each of these two deflection systems can deflect the
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2

electron beam 3 radially in any direction by means of
a double system of deflector elements. In a preferred
embodiment the deflector elements of the first deflec-
tion system consist of electromagnetic coils 14 and 15
and electromagnetic coils 16 and 17 (see FIG. 2) for
two orthogonal directions of deflection, and the deflec-
tor elements of the second deflection system consist of
electromagnetic coils 18 and 19 and electromagnetic
coils 20 and 21 (not shown) which also serve for two
orthogonal directions of deflection which preferably
have the same orientations as the directions of deflec-
tion of the first deflection system. The two deflection
systems are mounted one behind the other about an op-
tical axis 22 of the electron microscope, as are the said
electronic projector lenses and the diaphragm.

In the shown embodiment of the adjusting device, all
the deflector coils are mounted in an aluminum block
23 which is mounted in a cylindrical casting 24, for ex-
ample of araldite, which fits in the microscope column.

FIG. 2 is a cross-sectional view of the first deflection
system, and shows, besides the araldite cylinder 24 and
the aluminum block 23, the deflector coils 14, 15 and
16, 17, respectively, which are combined to form rect-
angular coil units. The proportioning and the number
of turns, pair-wise of each of the deflecting system one
coil unit, of the coils 14, 15 and 16, 17, respectively,
and also of the coils 18, 19 and 20, 21, respectively, are
such that the coupling desired according to the inven-
tion already substantially satisfies the imposed require-
ments at the same current intensity. Trimming resistors
may be added for an exact adjustment. For the eight
deflector coils it is sufficient to use four control units
which can be operated by means of four control knobs.

The deflection elements can also be formed by elec-
trostatic deflector plates or adjustable permanent mag-
nets. By means of the two deflection systems, the elec-
tron beam is directed through the exposure diaphragm
6 in coincidence with the optical axis of the electron
microscope. Viewed from the adjusting device, the ex-
posure diaphragm may also be arranged in front of the
condenser lens §, or it may be formed by a diaphragm
situated in the condenser lens.

FIG. 3 shows diagrammatically the operation of an
adjusting device according to the invention, A particle
beam 31 emitted from a source 30 is to pass through a
diaphragm 32 along an optical axis 33. By way of exam-
ple, in FIG. 3 a situation is chosen in which, for exam-
ple, in a plane containing the deflection direction of the
deflector elements 14, 15 and 18, 19, respectively, the
particle source 30 is situated outside the optical axis, a
principal direction of the particle beam 31 extending
from the particle source at an arbitrary angle with the
optical axis. The deflector elements 14 and 1§ deflect
the beam through an angle a; and the deflector ele-
ments 18 and 19 through an angle 8,. As a result of a
coupling of the deflector elements according to the in-
vention, the angles a, and 8, will be inversely propor-
tional to the distance between the relevant deflecting
planes and a third plane, which in this case is a plane
containing the diaphragm 6. Consequently, viewed
from the position after the diaphragm, the beam is
swung about the center of the diaphragm. In this way
the center of the beam can be centrally directed on to
the target screen. The image of the beam will not yet
be symmetrical. In order to make the beam symmetri-
cal, the beam is deflected through angles «, and 8, re-
spectively, in the same sequence by the deflection sys-
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tems, the relationship of the angles being proportional
again to the distances from the relevant deflection
planes to a third plane, in this case is a plane containing
the particle source 30. This deflection results in a rota-
tion of the beam about the particle source, so that the
landing area of the screen can be made symmetrical.
When both adjusting facilities have been optimally ad-
justed, the beam will pass through the center of the dia-
phragm 6, where it will extend along the optical axis.

What is claimed is:

1. An adjusting device for a beam of charged parti-
cles having two deflection systems each deflecting the
particles in two mutually perpendicular directions and
having deflection planes which follow one another in
the travelling direction of the particle beam, said de-
flection systems having a given coupling at which the
ratio of the deflection angles in both systems is propor-
tional to the distance of a given deflection plane of
each of the deflection systems from an arbitrarily
chosen third plane which is situated parallel to said de-
flection planes.

2. An adjusting device as claimed in claim 1, wherein
said the deflection systems include deflector units in
both planes, so as to provide deflection in two mutually
perpendicular directions at right angles to the direction
of propagation of the beam.

3. An adjusting device as claimed in claim 1 wherein
said deflection systems comprise electromagnetic coils,
and means to adjust the energizing current for each of
said coils to adjust the coupling between the deflection
systems.

4. An adjusting device as claimed in claim 3, wherein
said the electromagnetic deflector coils are formed by
rectangular coil units mounted on a support.
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5. An adjusting device as claimed in claim 3 wherein
the coils of both deflecting systems have a geometry
and each have a number of turns whereby said coils

have said given coupling when said coils are connected
in series.

6. An electron-optical device comprising an electron
source for generating an electron beam and, viewed in
the direction of propagation of the beam, in succession
an input diaphragm and an electron-optical system, and
between the electron source and the input diaphragm
an adjusting device including two deflection systems
each deflecting the electrons beam in two mutually per-
pendicular directions and having deflection planes
which follow one another in the travelling direction of
the electron beam, said deflection systems having a
given coupling at which the ratio of the deflection an-
gles in both systems is proportional to the distance of
a given deflection plane of each of the deflection sys-
tems from an arbitrarily chosen third plane which is sit-
uated parallel to said deflection planes.

7. An electron-optical device as claimed in claim 6,
wherein a plane at right angles to the direction of the
beam at the area of the object point acts as the third
plane for the beam.

8. An electron-optical device as claimed in claim 6,
wherein the plane at right angles to the direction of the

- beam at the area of the input diaphragm acts as the
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third transverse plane.

9. An electron-optical device as claimed in claim 6,
wherein the electron source and the plane containing
the input diaphragm are combined in a mutually depen-

dent manner to constitute the third plane.
L . * % *
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