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ELECTROSTATIC FOCUSSING DEVICES
ESPECIALLY FOR MICROWAVE TUBES

The present invention relates to improvements in
electrostatic electron beam focussing devices, or elec-
trostatic lenses. It relates more particularly to electro-
static lenses for microwave tubes and to the means by
which they are attached in such tubes.

The problems of focussing electron beams are very
important in microwave tubes and more particularly in
tubes where the beam passes over a long trajectory and
where important defocussing may arise. This is the
case, for example, in multicavity klystron amplifiers
where efficient focussing is essential in the drift spaces
between the different cavities.

Magnetic focussing devices are frequently used, be-
cause their use requires less accuracy than do electro-
static focussing devices. In electrostatic devices the po-
sitioning of the focussing device must be extremely ac-
curate and the electrical insulation gives rise to ex-
tremely delicate technological problems. The major
drawback of magnetic focussing devices is their weight,
which is very much higher than that of electrostatic fo-
cussing devices and becomes prohibitive if the tubes to
which they are fitted are part for example of airborne
equipment.

Electrostatic focussing devices for microwave tubes
generally comprise an annular conductive electrode, of

a toroidal shape for example, raised to a negative po--

tential in relation to the reference potential which is
that of the tube body for example, thus constituting to-
gether with said body an electrostatic lens centred on
the axis of the beam and being attached to the tube en-
closure by a fixing system which both maintains the
electrode in the proper position and electrically insu-
lates it from the other tube components. _

The design of this fixing or attachment system is a
particularly delicate matter. In other words, the posi-
tion of the electrode must be highly accurate at the
time of manufacture of the tube, must remain so during
the various stages of its manufacture, in particular the
stoving operation, and must also remain so during use.
Thus, a system which is accurate from the beginning of
its construction is required ; the deformations appear-
ing in this system during the stoving operation must not
modify the centering of the electrode ; furthermore
said system must be extremely stable during operation
of the tube, and particularly if the tube is inserted in an
airborne equipment which is subjected to severe vibra-
tions.

The known fixing or attachment devices make use of
several artifices in order to try to resolve these various
problems. For example, the system for fixing the elec-
trode to the tube comprises alumina rods which are in-
serted into the electrode without being soldered or
brazed thereto and which are assembled onto the tube
enclosure or envelope by means of elements having one
degree of freedom, in order to avoid the appearance of
eccentricity during the stoving operation due to the ex-
pansion of the electrode and of the alumina rods in par-
ticular ; such a non-rigid fixing system makes it difficult
to obtain a convenient centering and possibly involves
twisting phenomenous, the electrode axis then making
an angle with the axis of the electron beam. Moreover,
it has major drawbacks as far as achieving good vibra-
tion resistance is-concerned.
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The object of the invention is to provide an electro-
static focussing device in which the system for attach-
ing the electrode to the envelope provides both good
electrical insulation and accurate and stable position-
ing of the electrode in relation to the electron beam
axis, this both during manufacturing and during opera-
tion of the tube, even in situations where the device is
subjected to severe vibrations.

In accordance with the invention, an electrostatic de-
vice for focussing an electron beam propagating within
an envelope along an axis which is fixed in relation to
said envelope, and comprising an annular electrode
having applied a potential which is negative in relation
to said envelope by means of a voltage supply lead pen-
etrating within said envelope, and a system for fixing
said electrode to said envelope while assuming that
they are electrically insulated from one another, and
that said electrode is centered onto the axis of the elec-
tron beam, said system comprising a flexible skirt at-
tached to the interior of said envelope around the axis
of the electron beam, and components made of rigid
insulating material which maintain said electrode rig-
idly fixed to said skirt, said skirt comprising an opening
for the passage of said voltage supply lead.

Other objects, characteristics and results of the in-
vention will become apparent from the ensuing de-
scription given by way of non-limitative example and
illustrated by the attached figures in which :

FIG. 1 illustrates a schematic sectional view of part
of a klystron equipped with an electrostatic focussing
device in accordance with the invention ;

FIG. 2 is a sectional view on X of part of FIG. 1 ;

FIG. 3 is a fragmentary sectional view of part of FIG.
1, in accordance with a variant embodiment ; and,

FIGS. 4, 5, 6 and 7 are simplified sectional views
equivalent to that of FIG. 2, illustrating different em-
bodiments of the device in accordance with the inven-

_ tion.

40

45

50

55

60

65

FIGS. 1 and 2 illustrate an embodiment of a focussing
device in accordance with the invention, applied to a
klystron. It goes without saying that this kind of device
can be applied to other kinds of microwave tubes and
even to other kinds of equipment than such tubes ; it
can be utilised in any equipment which requires accu-
rate focussing of an electron beam whose axis is fixed
in relation to the envelope or enclosure through which
it is propagating. '

In FIG. 1, a section through a drift space 1 between
two cavities 2 and 3, 0f a klystron, has been illustrated,
The axis AB designated both the beam axis (the beam
has not been shown) and the direction of propagation
of the beam. The walls constituting the two cavities of
the klystron and .the envelope surrounding the drift
space 1, are made of metal and are at a reference po-
tential which is for example the earth potential. The
passage of the electron beam along the axis AB, be-
tween cavities and drift space, takes place through the
openings 4 and 5,

FIG. 2 schematically illustrates a view of this drift
space 1 as it appears after making section along X
(FIG. 1) and removing all the part to the left of X.

A consideration of these two figures where similar
references correspond to similar elements, will show
how an embodiment of the focussing device in accor-
dance with the invention is arranged.

An electrostatic lens is constituted in a manner
known per se, by a metal annular electrode 6 cooperat-
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ing with the body of the tube and forming a solid of rev-
olution therewith. Said electrode, for example of toroi-
dal form, is centered on the axis AB by a fixing system
forming part of the invention, and is brought to a nega-
tive potential in relation to the reference potential
hereinbefore referred to, by voltage supply means 9 de-
scribed hereinafter.

The system for fixing the electrode 6 to the cylindri-
cal envelope 10 comprises a flexible skirt 11 of cyclin-
drical form, constituted for example by a thin copper
sheet profiled in the manner indicated by its section 12
(FIG. 1) and brazed by its edges to the interior of the
metal envelope 10 in which the focussing electrode 6
is arranged. Said skirt 11 is opened over part 13 of its
periphery in order to pass the voltage supply lead 9; this
opening, of course, corresponds with the voltage supply
connection 14 assembled on the body of the tube. It
should be noted that the profile of the section 12 of the
skirt 11 can differ from that shown in FIG. 2 ; in all
cases, it must be such that the skirt has adequate flexi-
bility. FIG. 3 illustrates a variant embodiment of this
profile, which is simple to create.

The system of fixing the electrode 6 comprises, fur-
thermore, two rods 15 and 16 which are cylindrical in
the embodiment shown in FIGS. 1 and 2. These rods
are attached to- the electrode 6 at two diametrally op-
posite points by two components 7 and 8 which are in-
tegral with the electrode and each provided with a hole
whose axis is perpendicular to the axis AB. The axes of
said holes are substantially parallel with one another
and the two rods 15 and 16 each passes through one of
said holes in the respective components 7 and 8. These
two rods are constituted by a rigid material which is a
good electrical insulator, for example alumina, and are
rigidly attached to the components 7 and 8 by brazing
for example.

The points of attachment of the rods 15 and 16 to the
skirt 11 and the length of these rods are chosen so that
the axis of the electrode 6 coincides accurately with the
axis AB of the envelope 10 forming the drift space 1.
In the example described, where the two rods 15 and
16 are equidistant from the axis of the electrode 6, the
rods have the same length.

The voltage supply lead 9, which can be applied at
any point on the electrode 6, will here advantageously
be connected to one of the two components supporting
the rods, for example the component 7 which is then
made up of conductive material which may be the same
as that constituting the electrode 6, e.g. stainless steel.
In some manufacture embodiments, the components 7
and 8 can form part of the electrode itself ; in others,
they are attached thereto and soldered or brazed in po-
sition. ’ '

As FIG. 1 indicates, the voltage is applied to the elec-
trode 6 through a metal wire 17 located in a metal tube
18, the wire being brazed or soldered to the component
7 at one of its ends and to the metal tube 18 at its other
end. The tube 18 is inserted with one end in the compo-
nent 7 whose top part is provided with a recess 19 for
this purpose ; its other end is connected to an insulating
pot 20 which surrounds it in order to provide good in-
sulation of the negative voltage supplied to the elec-
trode 6, which voltage may be very high in relation to
the reference voltage of the body of the klystron. The
diameter of the metal tube 18 is chosen so as to mini-
mise the electric field produced in the envelope 10 be-
tween said tube and the body of the kylstron.
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A connection 14 which has not been described here
in a detailed way, but which can be of any known kind,
is used to attach the pot 20 to the klystron body.

As already mentioned, the tube 18 constituting the
voltage supply lead 9 passes through the open part 13
of the skirt 11,

An electrostatic focussing device such as that de-
scribed, has several important advantages.

One advantage is that all the components constitut-
ing the system used to attach the electrodes 6 to the en-
velope 10, are connected together by soldering or braz-
ing. The risk in the variation- of the relative positions,
is thus virtually eliminated, even in the presence of vi-
bration. As already pointed out, these rigid connections
run no risk of effecting the centering of the electrode
even during the stoving of the tube. In other words, the
flexibility of the skirting 11 enables it to absorb the dis-
tortions and differential expansions of these compo-
nents, for example the electrode 6 and the rods 15 and
16. If the centering of the electrode 6 on the axis AB
of the klystron is accurately established at the time of
assembly, then it will remain so during the various pha-
ses of manufacture of the tube and during operation
thereof ; thanks to the flexibility of the skirt 11, this
centering will be maintained oven if the tube is used in
airborne equipment subjected to vibration.

However, the accuracy of the centering at the time
of assembly is quite an easy matter to arrange. In other
words, the electrode 6, the rods 15 and 16 and the skirt
11 constitute a sub-assembly which can be mechani-
cally set prior to assembly in the envelope 10, and then
subsequently brazed or soldered in position in said en-
velope. At this moment, the centering of the electrode
6 on the axis AB can be effected simply and accurately
with the help of a gauge block for examle which coop-
erates with the envelope 10 and the internal diameter
of the electrode 6.

Another advantage of this device is that the compo-
nents which make up the fixing system, are simple and
consequently inexpensive.

It should be noted that this kind of focussing device
and its voltage supply system have much higher reso-
nance frequencies than the prior art ones which are
generally heavier. This makes them particularly rele-
vant to application in airborne equipment.

FIGS. 4, 5, 6 and 7 illustrate in a highly schematic
manner equivalent views to that of FIG. 2 (section on
X in FIG. 1) of other embodiments of the device in ac-
cordance with the invention. In these figures, referen-
ces identical to those of FIG. 2, indicate identical ele-
ments. _

In the embodiment of FIG. 4, the cylindrical rods 15
and 16 are replaced by grooved rods 31, 32 jn order to
increase the distance obtained between the electrode 6
and the skirt 11 over the surface of the rods 31 and 32,
thus lengthening the pass of the leakage currents and
improving the breakdown voltage conditions. In this
case, the components 7 and 8 no longer contain a cylin-
drical hole but are slotted ; as in the preceding cases,
the rods are soldered or brazed to these components.

In FIGS. 5 and 6, cylindrical rods 15 and 16 of FIG.
2 have been replaced by flat components 40 and 50 of
rigid insulating material such as alumina, soldered or
brazed to the skirt 11 and directly attached, likewise by
soldering or brazing, to the electrode 6. The shape of
these components is such that the distance between the
electrode and the skirt over their surface, is as long as
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possible in order to improve the voltage breakdown sta-
bility. In these two examples, the voltage supply lead 9
again takes the form, as before, of a wire inside a metal
tube, the tube being inserted into a metal component,
respectively 41 and 51, part of which, respectively 42
and 52, is attached by soldering or brazing, to the elec-
trode 6.

In the embodiment shown in FIG. 7, the technology
used to manufacture the electrode 6 is different. This
time, an insulating plate 60 of alumina for example, is
machined centrally in accordance with the toroidal
form of the electrode, the electrode being constituted
by a conductive deposit 63, metallic for example, hav-
ing a thickness of some few tenths of a millimeter, ap-
plied to the toroidal zone. The voltage can be supplied
at 9, as before, to a metal component 61 attached to
the plate 60 and electrically connected to the deposit
63 which constitutes the electrode, by a metallized
zone 62 for example. The plate 68 is machined in order
to increase the length of the path of the leakage cur-

rents ; it is for example pierced by slots such as those
64.

What I claim is:

1. An electrostatic device for focussing an electron
beam propagating within an envelope along an axis
which is fixed in relation to said envelope which consti-
tutes a surface of revolution around the axis of said
beam, comprising:

an annular electrode having applied thereto a poten-
tial which is negative in relation to said envelope by
means of a voltage supply lead penetrating within
said envelope; and

a system for fixing said electrode to said envelope in
an electrically insulated relationship from one an-
other, said electrode being centered with respect to
the axis of the electron beam, said system compris-
ing:

a flexible cylindrical skirt attached to the interior of
said envelope around the axis of the electron beam,
said skirt exhibiting a profiled section in planes
containing said axis, the edges of said skirt being
attached to said envelope whereby the skirt is elas-
tically deformable between its edges; and

components of rigid insulating material attached on
the one hand to the said electrode, and on the other
hand to said skirt between the said two edges, said
skirt further having an opening therein for the pas-
sage of said voltage supply lead.

2. A focussing device according to claim 1, wherein
said components made of rigid insulating material are
constituted by two cylindrical rods having the same
length, fixed at their mid-points to the electrode by
means of two pieces which are themselves attached
onto two diametrically opposite points of said elec-
trode, said two pieces being each provided with a hole
whose axis is perpendicular to the axis of said elec-
trode, the two rods passing respectively through said
two holes where they are rigidly fixed to the said two
pieces in order to be parallel with one another and sym-
metrical in relation to the axis of the electrode and
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[

being furthermore rigidly attached by their ends to said
skirt.’

3. A focussing device according to claim 2, wherein
at least one of the two said pieces in which the two cy-
lindrical rods are fixed, is of a conductive material, lo-
cated in front of said opening of said skirt, and con-
nected to said voltage supply lead.

4. A focussing device according to claim 2 wherein
said two rods of rigid insulating material are grooved,
the two holes in which they are inserted and fixed into
the said two pieces which are attached to the electrode,
being open over part of their peripheries.

5. A focussing device according to claim 1 wherein
said components of rigid insulating material are consti-
tuted by a flat plate disposed perpendicularly to the
axis of said electrode and attached rigidly on the one
hand to said skirt and on the other to said electrode
which said skirt maintains centered onto the axis of said
electron beam.

6. A focussing device according to claim 5 wherein
said flat plate is cut out in order to increase the path for
the leakage currents between said electrode and said
skirt. o

7. A focussing device according to ¢laim 1, wherein
said components of rigid insulating material comprise
a flat plate arranged perpendicularly to the axis of the
electron beam and rigidly attached to said skirt, said
electrode including a film of conductive material de-
posited onto a toroidal zone machined at the center of
said flat plate. ’

8. A microwave tube having an electrostatic device
for focussing an electron beam propagating within an
envelope of said tube along an axis which is fixed in re-
lation to said envelope which constitutes a surface of
revoluation around the axis of said beam, comprising:

an annular electrode having applied thereto a poten-
tial which is negative in relation to said envelope by
means of a voltage supply lead penetrating within
said envelope; and ‘

a system for fixing said electrode to said envelope in
an electrically insulated relationship from one an-
other, said electrode being centered with respect to
the axis of the electron beam, said system compris-
ing:

a flexible cylindrical skirt attached to the interior of
said envelope around the axis of the electron beam,
said skirt exhibiting a profiled section. in planes
containing said axis, the edges of said skirt being
attached to said envelope whereby the skirt is elas.
tically deformable between its edges; and

components of rigid insulating material attached on
the one hand to said electrode, and on the other
hand to said skirt between the said two edges, said
skirt further having an opening therein for the pas-
sage of said voltage supply lead.

9. A microwave tube according to claim 8§, wherein

said tube is a multicavity kiystron having a drift space
separating the cavities of said klystron, the focussing

device being positioned in said drift space.
E3 * Ed Ed *



