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(57) ABSTRACT

The invention relates to vacuum tubes and especially to elec-
tron tubes. To produce the tube, and especially an electron
collector comprising several electrodes, the electrodes are
produced in the form of blocks of ceramic having a high
thermal conductivity. The blocks are electrically conducting
(at least on the surface). They are preferably made of an
insulating ceramic such as aluminium nitride, and are made
conductive over part of their surface. The conductive surface
part is preferably formed by a conductive ceramic, preferably
based on titanium nitride, or on similar conductive ceramic
materials. Thus, increased strength, better heat dissipation
and weight reduction are achieved.
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1

METHOD FOR MAKING ELECTRODES AND
VACUUM TUBE USING SAME

FIELD OF THE INVENTION

The invention relates to a process for manufacturing elec-
trodes, this being mainly designed for the production of
vacuum electron tubes and especially tubes using an electron
collector; the collector collects the electrons after a fraction of
the energy that has been communicated to them by an accel-
erating electric field created in the vacuum tube has been
used. This manufacturing process can be used for the produc-
tion of electrodes other than collectors for electron tubes.
More generally, itis applicable to the production of electrodes
for all kinds of total or partial vacuum devices that involve, in
this vacuum, a physical transport of charged elementary par-
ticles (electrons, but also ions) that can be accelerated, or
slowed down or collected by electrodes of the device. How-
ever, the process will be described with regard to the most
useful application, which is the production of the collector of
a linear-beam vacuum electron tube.

As examples of linear-beam tubes, mention may be made
of single-beam or multibeam Kklystrons, travelling wave
tubes, carcinotrons and IOTs (inductive output tubes).

These tubes generally operate by making an electromag-
netic wave and a linear electron beam interact in a region
called the interaction region, the beam communicating some
of'its kinetic energy to the electromagnetic wave in order to
amplify it. In general, the beam still retains some of'its kinetic
energy after it has passed through the interaction region and it
is necessary to collect the residual electrons in a collector
placed at the outlet of the interaction region. Sometimes the
kinetic energy remaining downstream of the interaction
region may reach 50% to 80% of the energy initially commu-
nicated to the beam upstream of this region. It follows that
there are major constraints on producing the collector in
terms ofheat dissipation; there are also other constraints, such
as the voltage withstand, etc.

BACKGROUND OF THE INVENTION

In the past, the collector consisted of a simple metal elec-
trode, usually made of copper, raised to an appropriate poten-
tial (usually that of the anode, which served to accelerate the
electrons). However, to increase the efficiency of the tubes it
was necessary to produce more sophisticated collectors,
called monostage or multistage depressed collectors, formed
by several successive electrodes raised to different potentials
and therefore electrically insulated from one another.

The production of such collector electrodes poses various
problems, these being all the more difficult to solve when the
tubes have to be both increasingly powerful and increasingly
compact. Among such problems there is the problem of
removing the heat produced by the impact of the electrons on
an electrode and the problem of secondary electron emission
at the electrodes; there is the problem of electrically insulat-
ing the electrodes from one another and from the outside;
there is the problem of vacuum-sealing the tube, with the
related problem of the feed-through of electrical connections
from the inside to the outside of the tube in order to take a
current or voltage from an internal electrode to the outside of
the tube or from the outside to an internal electrode in the
tube, and this applies for each of the electrodes of the collec-
tor, and also likewise in the case of the other electrodes of the
tube (the anode and the cathode).

The solutions adopted for producing these depressed col-
lectors very often use copper electrodes brazed to or shrunk
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onto parts made of insulating ceramics; the ceramic provides
the electrical insulation between electrodes raised to different
potentials and in the case of a collector with internal electrical
insulations, the ceramic must also transfer the heat flux. The
braze provides the mechanical integrity and the vacuum-
tightness. These assemblies are complex and costly. Their
heterogeneous structure, consisting of ceramics and metal,
makes them particularly sensitive to vibrations and thermo-
mechanical stresses. Their performance characteristics are
limited, especially as regards efficiency of heat dissipation,
permissible operating voltages, compactness, and also some-
times weight (for example for space applications of tubes).

The problems are particularly difficult when producing a
multistage collector, but it will be understood that these prob-
lems may also exist in the case of insulated electrodes for
which it is also necessary to provide, on the one hand, elec-
trical insulation with respect to the rest of the tube and, on the
other hand, a voltage or current supply, and finally removal of
the heat produced.

The object of the present invention is in particular to pro-
duce a tube of improved construction in terms of relationship
between the performance obtained and the manufacturing
cost.

To do this, the invention proposes, on the one hand, an
electron tube having electrodes of novel construction and, on
the other hand, a process for manufacturing such a tube.

SUMMARY OF THE INVENTION

Still other objects and advantages of the present invention
will become readily apparent to those skilled in the art from
the following detailed description, wherein the preferred
embodiments of the invention are shown and described, sim-
ply by way of illustration of the best mode contemplated of
carrying out the invention. As will be realized, the invention is
capable of other and different embodiments, and its several
details are capable of modifications in various obvious
respects, all without departing from the invention. Accord-
ingly, the drawings and description thereof are to be regarded
as illustrative in nature, and not as restrictive.

The vacuum electron tube according to the invention
includes at least one electrode (preferably a collector elec-
trode) that is characterized in that it comprises a block com-
posed mainly of ceramic having a high thermal conductivity,
this block of ceramic being, at least on the surface, electrically
conductive (at least in certain regions).

This block can be made of a ceramic that is electrically
conductive through its thickness. In this case, it would be
cosintered (or if necessary brazed) with other blocks of elec-
trically insulating ceramic in order to provide the electrical
insulation between the electrode and other parts of the tube.
However, it is preferable, in order to avoid problems of integ-
rity ofthe bond between two blocks of different ceramics, one
being insulating and the other conductive, to produce the
electrode in the form of a block of electrically insulating
ceramic, only the surface of which is locally rendered elec-
trically conductive.

The feature of these electrodes of the vacuum tube accord-
ing to the invention is therefore that they are made in the form
of blocks of ceramic and not metal blocks.

Ceramics are refractory mineral compounds, such as metal
oxides, metal nitrides and metal carbides, which are treated
by sintering, that is to say by agglomeration at high tempera-
ture (and possibly under pressure) of a powder of the com-
pound or of a paste of the compound (the paste being a powder
mixed with an organic binder, the latter disappearing during
the agglomeration operation). Certain ceramics are electri-
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cally insulating, while others are conductive, depending on
the nature of the mineral compounds which make up the said
ceramics. By mixing insulating compounds and electrically
conductive compounds, the ceramics may also have interme-
diate conductivities.

In one advantageous embodiment, the electrode is pro-
duced in the form of a block of electrically insulating ceramic,
with a high thermal conductivity, locally covering a thin layer
of electrically conductive ceramic; the electrode is produced
by cosintering the two ceramics. Consequently, in this case,
electrically conductive regions are as it were drawn as a
relatively thin layer (the order of magnitude of the thickness
is, for example, around 100 microns) on the surface of a block
of insulating ceramic; the electrode (or even a group of sev-
eral separate electrodes) is formed by the block thus locally
rendered conductive on the surface.

The electrode is therefore produced in this case in the form
of a block of composite ceramic (with two different compo-
sitions, one being conductive and the other insulating, but
both being made of ceramic) and not in the form a metal
electrode (copper) brazed onto an insulating ceramic (alu-
mina), as could be done in the prior art.

The electrically conductive surface part of the ceramic
electrode could be made of a refractory metal such as tungsten
or molybdenum cosintered as a thin layer on a block of
insulating ceramic.

This arrangement is all the more advantageous when the
ceramic (and especially that of which the insulating block is
composed) has a high thermal conductivity. The expression
“ceramic with a high thermal conductivity” is understood to
mean a ceramic whose thermal conductivity coefficient is at
least 100 watts/m'K at 20° C., which represents about one
quarter of the conductivity of copper, but at least about three
times the conductivity of alumina.

The electrode made of ceramic in this way may contribute
directly to the vacuum-tightness of the tube if it constitutes
directly a part of the wall of the tube’s envelope. However, it
may also be cosintered with another, insulating ceramic con-
stituting (partly or completely) the vacuum envelope of the
tube. For example, the electrodes are blocks of ceramic (that
are electrically conductive at least on the surface) which are
inserted into a sheath of insulating ceramic and cosintered
with this sheath. The sheath then constitutes the vacuum
envelope of the tube.

To connect the electrode to the outside of the tube, it will
also be preferable to use a pin made of a conductive ceramic;
this pin is in contact on one side with part of the conductive
ceramic of the electrode, inside the tube, and it passes through
an insulating ceramic forming part of the electrode and/or of
the envelope of the tube, and cosintered with this insulating
ceramic.

The vacuum-tightness of these conducting feedthroughs is
excellent as, on the one hand, the bond obtained by high-
temperature heat treatment is strong and, on the other hand,
the alloyed materials exhibit similar thermomechanical
behaviour. This is particularly true when the feedthrough is
made by the cosintering of ceramics. However, the
feedthroughs may also be made of a refractory metal cosin-
tered with the ceramic while the latter is being sintered.

Thanks to this way of producing an electrode in the form of
a block of highly heat-conductive ceramic, it is possible to
adopt tube arrangements that are particularly effective from
the standpoint of heat removal, inter-electrode insulation, and
compactness and weight of the tube, which arrangements
could not be adopted with conventional metal electrodes or
with conventionally brazed ceramic/metal assemblies.
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The conductive ceramic produced as a solid block or as a
thin layer may especially be made of silicon carbide or tita-
nium carbide or tungsten carbide or titanium nitride, or a
mixture of two or more of these materials. It may also include
additives consisting of compounds that facilitate the sintering
operation, such as for example yttrium oxide, the presence of
additives being conventional in the sintering of ceramics.

The ceramic used to produce a block of insulating ceramic
forming part of the electrode or of the envelope of the tube is
preferably based essentially on aluminium nitride, this mate-
rial having a very high thermal conductivity (about 180 watts/
m-K at 20° C.) and a very high dielectric strength (it with-
stands electric fields of at least 20 kV/mm). It may be made of
almost pure aluminium nitride or of a composite ceramic
comprising aluminium nitride cosintered with silicon carbide
or titanium nitride in small proportion in the aluminium
nitride. Here again, sintering additives may be present.

As indicated above, the present invention provides not only
a tube of novel construction but also a novel manufacturing
process that is particularly suitable for the production of
electron tubes and especially tubes with an electron collector
ormore generally any electrode system. This process consists
in producing at least one electrode of the tube by cosintering
an electrically conductive ceramic onto an electrically insu-
lating ceramic having a high thermal conductivity. The con-
ductive ceramic preferably consists of a relatively thin layer
deposited on part of the surface of the insulating ceramic, but
it may also be produced in bulk form, and in this case the
conductive ceramic also preferably has a high thermal con-
ductivity. In both cases, the insulating ceramic serves as sub-
strate for the layer of electrically conductive ceramic, with
very good thermal and mechanical properties of the assembly
thus formed, owing to the homogeneity in the nature (ce-
ramic) of the materials used.

Ifit is desired to produce a conducting feedthrough starting
from the conductive ceramic and passing through a thickness
of'the insulating ceramic (whether or not the latter forms part
of an envelope of an electron tube), the block of insulating
ceramic is drilled before the cosintering operation and a con-
ductive rod (which preferably is also made of a conductive
ceramic but which may optionally be made of a refractory
metal) is introduced into the drillhole, bringing it into contact
on one side with the conductive ceramic. The sintering opera-
tion is then carried out afterwards. This operation seals, at
very high temperature, the rod into the insulating block
through which it passes and constitutes a feedthrough that can
be both vacuum-tight and very resistant to thermomechanical
stresses.

The invention is applicable to vacuum tubes (whether par-
tial or complete vacuum). The main application is the appli-
cation to electron tubes, i.e. tubes in which the charged par-
ticles that are transported are electrons (in this case, the
vacuum is generally a very high vacuum). Another possible
application is a device (which will also be referred to by the
name “tube” in order to simplify matters) in which the trans-
ported particles are not electrons but ions. For example, the
invention may be applied to the production of the accelerating
electrodes for an ion motor; an ion motor is a motor whose
action is intended to move an object in a vacuum (for a
satellite or a space craft); when it is operating, it produces,
continuously, a plasma of charged ions that are accelerated in
apartial vacuum by an electric field (by means of electrodes)
and are ejected through a nozzle. The ejection acts as a con-
ventional jet engine, the difference being that the ejected
material is ionic (charged) and that it is ejected through the
effect of acceleration by an electric field acting directly on the
ions on account of their charge. In this patent application, and
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especially in the claims, the term “tube” will be considered to
encompass all devices with electrodes using the transport of
charged particles in a complete (i.e. very high) vacuum or a
partial (less high) vacuum, whether the tube is open or partly
open (as in the case of a motor).

It should be noted that the suggestion was made in U.S. Pat.
No. 4,277,721 to produce eclectrodes whose surfaces have
characteristics that minimize secondary emission thanks to
coatings of materials such as pyrolytic graphite, titanium
carbide, tungsten carbide or titanium diboride. The thermal
conductivity of these materials is not mentioned, and they are
in principle deposited on electrodes that are conventionally
made of copper.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example, and
not by limitation, in the figures of the accompanying draw-
ings, wherein elements having the same reference numeral
designations represent like elements throughout and wherein:

Other features and advantages of the invention will become
apparent on reading the detailed description that follows,
given with reference to the appended drawings in which:

FIGS. 1 and 2 show collector constructions for a vacuum
tubes of the prior art;

FIG. 3 shows, in section, a tube collector according to the
invention;

FIGS. 4 to 7 show the various separate ceramic electrodes;

FIG. 8 shows the ceramic sheath intended to enclose the
various electrodes; and

FIG. 9 shows, in perspective and in partial section, the
mounted collector.

DETAILED DESCRIPTION OF THE
EMBODIMENT

The invention will be described with regard to the produc-
tion of the collector of a travelling-wave electron tube with a
multistage depressed collector, but it is applicable in many
other cases, namely vacuum electron tubes other than a TWT,
with a non-depressed collector and a single electrode, and
electrodes other than collector electrodes. However, it is par-
ticularly advantageous in the case of a multistage depressed
collector and this is the reason why this example was chosen
to bedescribed in detailed. Likewise, with regard to the manu-
facturing process according to the invention, which will be
described with regard to the same travelling-wave tube, it
shall be understood that it is applicable to the production of a
TWT collector just as to the production of other electrodes for
tubes, with the overall meaning given above for the word
“tube”.

It will be recalled that a TWT (travelling-wave tube) is a
vacuum tube comprising a cathode, which emits a linear
electron beam (focused by permanent magnets), and, in suc-
cession from the upstream to the downstream in the direction
of travel of the electrons: an anode for accelerating these
electrons; aradiofrequency signal input that receives a radiof-
requency signal to be amplified, this input being connected to
the input of a decelerating structure, which is for example a
helix surrounding the electrons beam; an outlet of the decel-
erating structure, constituting the output of the TWT, which
delivers a radiofrequency signal; and a collector for collecting
the electrons of the beam downstream of the decelerating
structure. These electrons have lost some of their energy by
communicating it to the radiofrequency wave, in the interac-
tion region located between the upstream part and the down-
stream part of the helix. The collector that receives the elec-
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trons is subjected to intense heating due to the impact energy
of the electrons and it is this heating that is one of the main
causes of difficulties in producing the tube.

The collector is typically a multistage depressed collector,
i.e. one having several electrodes raised to different potentials
and insulated from one another by electrically insulating
parts. The potentials are chosen in such a way that the elec-
trons having a certain energy reach if possible the electrode
that is at a potential corresponding approximately to this
energy. In this way, a high tube efficiency is obtained, but this
means that several electrodes must be connected to the out-
side of the tube.

All the elements that have just been described are enclosed
inside a vacuum envelope in which a high vacuum is created.
The envelope has insulating parts and possibly also conduct-
ing parts. Some of the elements described above—electrodes
or insulators between electrodes—may themselves form part
of the vacuum envelope and therefore themselves are
vacuum-tight. The welds or brazed joints between elements,
for example between a metal electrode and an insulating
ceramic, also contribute to this vacuum-tightness. Finally,
when an electrode is located completely inside the envelope
(that is to say it does not constitute part of the external enve-
lope and is therefore not directly accessible from the outside),
it is generally necessary to provide a conducting feedthrough
in order to connect it to the outside through an insulating part
of'the envelope, in order to connect the envelope to an external
pin.

FIG. 1 shows an illustrative example of a multistage
depressed collector with internal insulation of the prior art,
which allows the differences provided by the invention in the
overall construction of the collector to be better understood.

The collector, generally cylindrical in shape, comprises, in
this example, three bulk copper electrodes E1, E2, E3 having
conical shapes, the apex of which, open in the case of the first
two electrodes and closed in the case of the third, is turned
towards the electron entry side (on the left in FIG. 1). The
electrodes E1 and E2 also have a cylindrical part gripped by
bars (or plates) 10 of insulating ceramic, which are them-
selves contained in an outer metal envelope ENV constituting
both a cover for electromagnetic protection and a vacuum
envelope. The insulating ceramic is in general alumina for the
low power levels to be dissipated and beryllium oxide BeO in
the case of higher power levels. On the right, the collector is
closed by an assembly of insulating parts and of conducting
parts that are brazed together, also contributing to the
vacuum-tightness. Conducting feedthroughs are provided for
connecting the electrodes E1, E2, E3 to the outside. These
feedthroughs comprise a conductor 12, 13 or 14 surrounded
by insulating ceramic 16, 17 or 18. In the example shown in
FIG. 1, the ceramic bars 10 that surround the electrodes E1
and E2 also serve for taking a conductor of the electrode E1 to
the end wall of the collector, up to the conducting feedthrough
12, and insulating this conductor from the electrode E2 and
from the outer envelope ENV.

FIG. 2 shows another illustrative example of a TWT col-
lector, in which the electrodes are less bulky than in FIG. 1.
They are bodies of revolution, made of thin copper brazed
over their entire cylindrical periphery to the inside of a
ceramic sheath 20; the resistance of this structure to thermal
stresses is possible only if the thinness of the electrodes
allows the differential expansions to be accommodated with-
out extensive strain. Here again, the ceramic sheath is sur-
rounded by another, metal sheath 22 serving as a cover for
electromagnetic protection. Vacuum-tightness is provided
both by metal parts and by insulating ceramic parts. FIG. 2
shows that conducting feedthroughs 24 may be provided radi-
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ally through the insulating sheaths in order to connect the
electrode E1 to the outside of the vacuum tube. A metal
conductor, such as nickel brazed to the internal electrode E1,
is used. Vacuum-tightness is provided by brazing onto the
ceramic sheath. For connecting the electrode E2, the elec-
trode itself is taken out through the end wall of the tube as far
as the outside, and this electrode E2 therefore contributes
directly to vacuum-tightness. In the case of the electrode E3,
a complex assembly consisting of metal, insulating ceramic
and conducting feedthrough must be provided in order to
make the connection to the outside through the end wall of the
tube.

In both cases, these figures show the complexity of the
assembly for withstanding the mechanical stresses, electrical
stresses and thermal stresses.

FIG. 3 shows the general principle of the construction of a
tube according to the invention with a collector, the feature of
which is that at least some of the electrodes (but preferably all
of them) are made mainly of ceramic. They are each formed
from a block of ceramic (similar to the copper blocks of FIG.
1)—this ceramic is conductive, at least on the surface (in
order to produce the electron-collecting function of the elec-
trode) and has very good thermal conduction properties in
order to remove the heat generated by the impact of the
electrons.

Preferably, each electrode is formed from a thin layer of
conductive ceramic sintered onto the surface of an insulating
ceramic. In this case, it is the electrically insulating ceramic
that has to have very good thermal conduction properties.

The preferred construction of the collector is as follows:
the blocks of ceramic constituting the various electrodes are
placed in contact with the inner periphery of a sheath of
insulating ceramic.

Conducting feedthroughs are preferably provided in this
sheath in order to provide electrical connection between the
outside of the tube and the conducting part of at least some of
the ceramic electrodes.

The electrodes, the insulating sheath and the conducting
feedthroughs are preferably fastened together in a single heat-
treatment operation (cosintering) or else several successive
heat treatments which provide strong bonding and therefore
vacuum-tightness inside the vacuum tube.

FIG. 3 shows a collector that has four electrodes, these
being, respectively, along the direction of travel of the elec-
trons, a first electrode 30, a second electrode 40, a third
electrode 50 and a final electrode 60. The first three electrodes
are drilled axially along their centre, in order to let the elec-
tron beam through, with openings (respectively 31, 41, 51) of
increasing width in order to take account of the increasing
divergence of the beam towards the downstream end. The
final electrode 60 is not drilled.

The electrodes are made of an electrically conductive
ceramic in certain regions, on the surface, and electrically
insulating in the bulk. The ceramic may be conductive over its
entire surface or only in regions drawn in a pattern that
depends of course on the general design of the tube, the rest of
the electrode being formed by a block of insulating ceramic.

The four electrodes are preferably mounted in a cylindrical
sheath 70 made of a ceramic that is electrically insulating and
highly heat-conducting. This cylindrical sheath 70 constitutes
the outer envelope of the tube and it is preferably provided
with radial fins 80 which help to remove the heat generated
inside the tube during operation. This sheath 70, like the
electrodes 30, 40, 50 and 60, may have a locally conducting
surface, both on the inside and on the outside of the tube. In
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practice, it will be seen that the sheath may constitute an
electrode (its internal surface only) at the same potential as
the electrode 50.

The end wall of the tube, on the right in FIG. 3, may be
formed completely by the mass of the final electrode 60, in
particular if this is only conductive in its surface part inside
the tube.

The conducting regions of each electrode have not been
shown in FIG. 3. However, to illustrate the principle of the
invention, a dashed line 90, along the inner wall of the sheath
70 and along part of the electrode 50, depicts a surface region
that is conducting.

The electrical connection of the various electrodes with the
outside, in order to carry bias voltages or currents, is made in
the following manner. In the case of the electrode 30, a radial
conducting feedthrough is provided through the insulating
cylindrical sheath 70. The feedthrough comprises a conduct-
ing rod 32 that passes through a drillhole in the electrode 30
and a corresponding drillhole in the sheath 70. The conduct-
ing rod 32 is preferably made of a conductive ceramic, but it
could also be made of a refractory conducting metal such as
tungsten. It comes into contact, inside the tube, with a con-
ducting region of the first electrode 30.

In the case of the second electrode 40, the arrangement is
very similar, with a radial conducting feedthrough compris-
ing a conducting rod 42.

As regards the third electrode 50, it would have been pos-
sible also to provide a conducting feedthrough, but in this
example provision is made for the inner surface of the sheath
70 to be made conducting in the same way as the conducting
surface of the electrodes, i.e. preferably by cosintering a
conductive ceramic onto an insulating ceramic. The conduct-
ing region is depicted by the dashed line 90 already men-
tioned. Conducting electrical continuity may thus be estab-
lished from the electrode 50 right to the outside of the tube, as
shown by the dashed line 90 that goes from the electrode 50 to
beyond the electrode 60. The conducting part outside the tube
can then constitute an external connection for the third elec-
trode 50. For this reason, it may be considered that the sheath
itself constitutes an electrode, at the same potential as the
electrode 50.

The connection of the final electrode 60 with the outside
may also be made through the end wall of the tube, either by
direct contact with the ceramic, if its external face is conduct-
ing and in electrically conducting contact with its face on the
inside of the tube or else if it is entirely made of conductive
ceramic, or by a conducting feedthrough, with a rod 62, from
the inner face of the electrode right to the outside of the tube
if only the surface of the ceramic inside the tube is conduct-
ing. The feedthrough in this case passes through the block of
insulating ceramic constituting the electrode 60 and not
through the sheath 70. The feedthrough runs axially and not
radially.

The entire collector is therefore formed from ceramics,
certain parts being made of electrically insulating ceramic but
of'very high thermal conductivity, and other parts being made
of electrically conductive ceramic and connected to conduct-
ing rods passing through the insulating ceramic. What is
therefore obtained is a collector block whose parts have
homogeneous thermomechanical properties.

It is advantageous to produce the entire collector by the
cosintering of ceramics, that is to say by mounting the elec-
trodes and the sheath in place, one with respect to another,
while these pieces are still in the green state of ceramics, and
by carrying out the sintering operation on all the ceramics at
the same time. However, it is also possible to strongly bond
the electrodes to the body by successive heat treatments or
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else to carry out partial cosintering operations on certain
subassemblies and then combine the subassemblies together
with or without another sintering operation.

FIG. 4 shows just the first electrode 30. In this illustrative
example, the electrode is surface-conducting over almost its
entire area, but excluding its periphery. It will also be contact
around its periphery with the sheath 70. The electrode is made
by machining a green paste of insulating ceramic.

The machined electrode is coated with a thin layer of green
conductive ceramic 35 depicted by the dashed line. The
delimitation of the conducting region may be achieved either
by masking of the regions that have to remain insulating or by
selective removal after uniform deposition on all the surfaces.
The electrode 30 may be sintered prior to its insertion into the
sheath 70, or else inserted firstly into the sheath 70 and then
cosintered with the sheath. If it is sintered at the same time as
the sheath, the mechanical bond between the electrode and
the sheath will only be stronger and the thermal conductivity
improved. The conducting feedthrough for connecting the
electrode to the sheath is produced by making a radial drill-
hole 36 into which the conducting rod 32 seen in FIG. 3 can
be inserted; this rod will preferably be placed in the drillhole
before a cosintering of the electrode and the sheath. It is in
contact on one side with the layer of conductive ceramic 35.
The sintering operation makes the surface conductive
ceramic 35 adhere to the insulating ceramic that forms the
body of the electrode 30.

FIG. 5 shows just the second electrode 40 individually. It is
formed in principle in the same way as the first, namely by
sintering a green, electrically insulating, ceramic body having
the shape of the desired electrode, partly coated with a thin
layer of green conductive ceramic 45. A drillhole 46 serves
for passage of a rod 42 for establishing the conducting
feedthrough.

FIG. 6 shows just the third electrode 50, consisting like the
other ones with a local surface layer 55 of conductive
ceramic, but no drillhole if no conducting feedthrough for its
connection to the outside is provided.

FIG. 7 shows just the fourth electrode 60 with its local
surface conductive ceramic layer 65 and its drillhole 66 for a
conducting feedthrough.

FIG. 8 shows just the cylindrical sheath 70, with its radial
fins 80. Drillholes 72 and 73 may be seen in the sheath, which
face the drillholes 36 and 46 in the first and second electrodes
30 and 40 when these are mounted in the sheath, in order to let
the conducting rods 32 and 42 pass through them. In fact, the
conducting rods in this case pass through not only the thick-
ness of the blocks of insulating ceramic that constitute the
electrodes 30 and 40, but also the thickness of the sheath 70.
There are no fins at a point where the drillholes 72 and 73 are,
so that the conducting rods that will be placed in the drillholes
are accessible. The drillholes 72, 73, 36 and 46 serve at the
same time for correctly positioning the ceramic electrodes in
the sheath 70.

The various constituent elements of the collector (elec-
trodes and sheath) may be produced using conventional
ceramic techniques. Preferably, the sheath 70 with its fins 80
is produced, owing to the fact that it is cylindrical, by extrud-
ing a green ceramic paste. The fins may have a grooved
surface (grooves also being produced during extrusion) in
order to improve the heat dissipation. The shaping of the
sheath may be completed by other machining and drilling
operations carried out on the green ceramic paste.

The electrodes are preferably produced by extrusion, fol-
lowed by machining of these blocks in order to give them the
desired shape (in the form of a cone with an opening at the
apex and shoulders that facilitate their installation in the
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sheath). The blocks of green electrically insulating ceramic
are coated with a slip of green electrically conductive
ceramic. Alternatively, they could be coated with a conduc-
tive ink based on a refractory metal (especially tungsten).

The electrodes shown in the figures have conducting parts
that are axisymmetric. However, it is possible to provide any
pattern of conducting region without particular difficulty,
although the machining of the metal blocks into unsymmetri-
cal shapes would pose many more of the problems in the prior
art.

This arrangement makes it possible to limit the reflected
electrons by creating a dissymmetry in the electric field
applied by the electrode thus formed, while maintaining an
axisymmetric electrode that is simple to manufacture.

Theblocks of green composite ceramic that are coated with
an electrically conductive layer are inserted into the sheath,
the rods of the conducting feedthroughs are fitted, and a
conductive paste (made of ceramic or a conductive tungsten
ink) may be deposited, for example using a brush, on the ends
of these rods in order to make it easier for these rods to be
electrically connected to the conducting surfaces of the elec-
trodes.

Likewise, a conductive tungsten ink or a conductive
ceramic paste may be deposited on the inside of the sheath, by
brushing and/or dipping and/or spraying or sputtering, in
order to produce the conductive surface depicted by the line
90 in FIG. 3. A conductive film may also be deposited on the
outside of the sheath (without establishing an electrical con-
nection with the surfaces inside the tube) in order to provide
the collector with electromagnetic screens.

The final electrode 60, which forms the end wall of the
tube, is fitted, with its conducting rod 62, after these opera-
tions.

The assembly comprising the electrodes, the sheath and the
conducting rods is cosintered so as to result in the desired
collector structure.

FIG. 9 shows, in a partially open view, the collector block
thus produced. In its preferred version, all the electrodes and
the sheath are made of ceramic that is conductive at least on
the surface.

The preferred ceramic for all the insulating parts is prefer-
ably based on aluminium nitride AIN (up to 100%). The
thermal conductivity of aluminium nitride is about 180 watts/
m-K. A small proportion of silicon carbide SiC or titanium
nitride TiN may be mixed with the aluminium nitride. Sinter-
ing additives in small proportion (less than 10%) may be
included in the green ceramic paste in order to facilitate the
sintering or cosintering with other ceramics.

As regards the electrical conducting parts of the electrode,
the ceramic is preferably made of titanium nitride TiN, but it
may also be made of titanium carbide TiC, tungsten carbide
WC or silicon carbide SiC. These materials may be mixed
with aluminium nitride. If the conducting surface parts are
metallic, the metal is preferably tungsten or molybdenum.
Here again, sintering additives may advantageously be pro-
vided, especially for facilitating the cosintering with alu-
minium nitride.

The particle size of the powders used to produce the ceram-
ics may be used to vary the texture of the conducting surface
of'the electrode, a controlled particle size of around 1 micron
(0.5 to 2 microns) resulting in the formation of surface micro-
cavities tending to limit secondary electron emission when
the electrode is bombarded by electrons.

The conducting rods constituting the feedthroughs in the
insulating ceramics may be made of titanium nitride, titanium
carbide or silicon carbide, or a mixture of these materials.
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Here again, sintering additives may be provided. The rods
may also be made of tungsten or molybdenum.
The sintering additives may typically be yttrium oxide
Y,0;, calcium oxide CaO, yttrium fluoride YF; or calcium
fluoride CaF,.
Aluminium nitride (an insulator) and titanium nitride (a
conductor) have similar properties, in particular in terms of
rates of densification during cosintering, resulting in a strong
inorganic bond of the ionic-covalent type.
It is known that green ceramics undergo substantial shrink-
age (of about 15 to 30%) during sintering. This shrinkage is of
course taken into account when determining the machining of
the green ceramic parts. This shrinkage is used to advantage
for ensuring bonding (with a radially inward bonding force)
of the sheath onto the electrodes during the sintering opera-
tion.
The electrode assemblies thus produced may withstand
very high operating temperatures without causing outgassing
phenomena, as on metal electrodes of the prior art.
As regards the sheath, it should be pointed out that the
invention may help the tube to be cooled by a fluid (and
especially a liquid such as an electrically insulating oil or
deionized water) if channels produced during the extrusion of
the sheath are provided in the body of the sheath.
Indeed, in the prior art, the fluid should possess a dielectric
strength sufficient to put up with external faces of the elec-
trodes and of the outer envelope that are subjected to different
voltages.
In the invention, the structure of the ceramic outer envelope
may advantageously be penetrated in the longitudinal direc-
tion by capillaries, through which a cooling fluid may be
circulated. Apart from the closeness of the cooling fluid to the
internal surfaces to be cooled, this arrangement allows a
standard fluid, such as water, to be used, since the fluid is no
longer directly in contact with the electrodes. The fluid is in
direct contact with the envelope over its entire length.
This novel arrangement also prevents the appearance of a
galvanic couple, or chemical corrosion, since aluminium
nitride is particularly inert chemically.
It will be readily seen by one of ordinary skill in the art that
the present invention fulfills all of the objects set forth above.
After reading the foregoing specification, one of ordinary
skill will be able to affect various changes, substitutions of
equivalents and various other aspects of the invention as
broadly disclosed herein. It is therefore intended that the
protection granted hereon be limited only by the definition
contained in the appended claims and equivalents thereof.
The invention claimed is:
1. A vacuum tube, comprising:
at least one electrode having an electrically conductive
external surface, said electrode comprising a block of
electrically insulating ceramic having a high thermal
conductivity, which is coated at least in part with a
superficially deposited thin layer of conductive material
forming said electrically conductive external surface,

wherein the vacuum tube includes, for connecting the elec-
trode to the outside of the tube, a rod made of conductive
ceramic in contact from one side with a conducting part
of the electrode, on the inside of the tube, and passing
through an insulating ceramic forming part of the elec-
trode and/or of an insulating envelope of the tube, and
cosintered with this insulating ceramic.

2. A process for manufacturing a vacuum tube, wherein the
process comprises the production of at least one electrode
made of a composite ceramic for the tube, including sintering
a green layer of an electrically conductive ceramic on a green
block of an electrically insulating ceramic having a high
thermal conductivity.
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3. The process according to claim 2, wherein the conduc-
tive ceramic is deposited as a thin layer on part of the surface
of the insulating ceramic.

4. A process according to claim 2, wherein the insulating
ceramic is based on aluminum nitride.

5. A process according to claim 4, wherein the surface layer
of' the electrically conductive ceramic is made of at least one
of a group consisting of titanium nitride, titanium carbide,
silicon carbide, and tungsten carbide.

6. A process according to claim 2, wherein the surface layer
of' the electrically conductive ceramic is made of at least one
of a group consisting of titanium nitride, titanium carbide,
silicon carbide, and tungsten carbide.

7. A vacuum tube, comprising: at least one electrode hav-
ing an electrically conductive external surface, said electrode
comprising a block of electrically insulating ceramic having a
high thermal conductivity, which is coated at least in part with
a superficially deposited thin layer of conductive material
forming said electrically conductive external surface,
wherein the block of ceramic has a thermal conductivity of at
least 100 watts/m-K at 20° C. and wherein it includes, for
connecting the electrode to the outside of the tube, a rod made
of conductive ceramic in contact from one side with a con-
ducting part of the electrode, on the inside of the tube, and
passing through an insulating ceramic forming part of the
electrode and/or of an insulating envelope of the tube, and
cosintered with this insulating ceramic.

8. The tube according to claim 7 wherein the insulating
ceramic is mainly based on aluminum nitride.

9. A vacuum tube, comprising:

at least one electrode having an electrically conductive

external surface, said electrode comprising a block of
electrically insulating ceramic having a high thermal
conductivity, which is cosintered with a thin surface
layer of electrically conductive ceramic forming said
electrically conductive external surface; and

arod connecting the electrode to the outside of the tube, the

rod made of conductive ceramic in contact from one side
with a conducting part of the electrode, on the inside of
the tube, and passing through an insulating ceramic
forming part of the electrode and/or of an insulating
envelope of the tube, and cosintered with this insulating
ceramic.

10. The tube according to claim 9, wherein the thin surface
layer of ceramic is based on titanium nitride or titanium
carbide or silicon carbide or tungsten carbide, or a mixture of
at least of these materials.

11. A vacuum tube, comprising:

at least one electrode having an electrically conductive

external surface, wherein said electrode is formed
entirely of a block of electrically insulating ceramic
having a high thermal conductivity, the electrode coated
at least in part with a superficially deposited thin layer of
conductive material made of tungsten or molybdenum
forming said electrically conductive external surface;
and

arod connecting the electrode to the outside of the tube, the

rod made of conductive ceramic in contact from one side
with a conducting part of the electrode, on the inside of
the tube, and passing through an insulating ceramic
forming part of the electrode and/or of an insulating
envelope of the tube, and cosintered with this insulating
ceramic.



