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Description

The present invention relates to an electron beam
apparatus for melting, bonding, drilling and annealing
metal material, etc., to be machined by irradiating the
material with electron beam in vacuum pressure in
which an effect of ion sputtering is considerable under
low vacuum pressure, which electron beam apparatus
uses a thermoionic emissive cathode.

A conventional thermoionic emissive cathode for
electron beam irradiation is usually made of oxide, lan-
thanum boride or high melting point metal, etc. For ex-
ample, as disclosed in the Japanese Institute of Electri-
cal Engineers, Technical Report (Section II) No. 147,
pages 1 to 42 (Edited by the Japanese Institute of Elec-
trical Engineers Corporation, April, 1983), a thermoionic
emissive cathode in an electron beam apparatus for
melting, bonding, drilling and annealing metal material,
etc., is made of a high melting point metal such as tung-
sten or tantalum, or lanthanum boride.

It has been known, however, that such high melting
point metal has a large work function. Therefore, when
such high melting point metal is to be used as the ther-
moionic emissive cathode material, it is necessary to
heat the high melting point metal to very high tempera-
ture. For example, when tungsten is used as a material
of athermoionic emissive cathode of direct heatingtype,
it is necessary to heat it to a temperature as high as
250010 2600°C. Therefore, in order to make direct heat-
ing easier, the thermoionic emissive cathode has been
made from a thin tungsten wire shaped to a hair-pin or
from a thin tungsten tape shaped to a ribbon. Alterna-
tively, a thermoionic emissive cathode has been consti-
tuted with a tungsten rod and a tungsten filament coil
arranged around the rod and the tungsten rod has been
heated by electrons emitted from the tungsten coil.

In the direct heating method, however, tungsten
material of the thermoionic emissive cathode in the form
of filament or thin strip is consumed at a relatively high
speed by evaporation thereof during its use. Further, the
thermoionic emissive cathode of tungsten is locally
drilled within relatively short time by ion sputtering of
metal vapor. etc., coming from a material to be ma-
chined thereby during irradiation of the latter with elec-
tron beam. As a result, it has been necessary to replace
the tungsten thermoionic emissive cathode frequently.

In the method of heating the rod type thermoionic
emissive cathode of tungsten by electrons from the sur-
rounding tungsten coil, on the other hand, there is a
problem that the structure of the cathode itself becomes
complicated although it is durable against ion sputtering.
There is a further problem in this method that life of the
thermoionic emissive cathode depends upon life of the
tungsten coil which considerably varied according to an
operating vacuum pressure.

On the other hand, when lanthanum boride is used
as a material of such thermoionic emissive cathode, a
current density similar to that obtained by the thermoi-

10

15

20

25

30

35

40

45

50

55

onic emissive cathode of tungsten can be obtained by
heating the thermoionic emissive cathode to a temper-
ature as low as 1500 to 1800°C. Therefore, it is possible
to considerably reduce electric power necessary to heat
the thermoionic emissive cathode of lanthanum boride
compared with that required for the thermoionic emis-
sive cathode of tungsten.

In the lanthanum boride thermoionic emissive cath-
ode, however, there is another problem that a variation
of beam current value with time is large compared with
the tungsten thermoionic emissive cathode. There is a
further problem that durability of lanthanum boride ther-
moionic emissive cathode against ion sputtering is very
low and so a beam current density distribution is
changed with time due to craters formed on the cathode
by ion sputtering.

FR-A-2 058 653 discloses a thermoionic emissive
cathode using a mixture of a refractory metal having a
melting point of more than 2500 °C, and an electron
emissive substance selected from oxides of barium, cal-
cium, cerium, strontium or thorium. The mixture is pre-
pared by mixing the components, pressing and final sin-
tering. SU-A-371 632 refers to a tungsten cathode
wherein tungsten, as the emissive substance, is modi-
fied by addition of 1-30 % yitrium boride and the mixture
is pressed followed by heating.

An object of the present invention is to provide a
thermoionic emissive cathode which can maintain a sta-
ble electron emitting characteristic.

Another object of the present invention is to provide
a thermoionic emissive cathode which can emit elec-
trons stably at a low temperature, even if it is used for a
long time in a vacuum pressure in which an effect of ion
sputtering is large under low vacuum pressure.

Afurther object of the present invention is to provide
a method of fabricating the aforementioned thermoionic
emissive cathode.

In order to achieve the above-mentioned objects,
the present invention provides an electron beam appa-
ratus as defined by claim 1. The thermoionic emissive
cathode used in this apparatus is formed of a sintered
mixture including the following first and second sub-
stances: the first substance is a high melting point re-
fractory substance durable against ion sputtering having
a melting point of at least 2000°C and selected from a
group consisting of metals having a melting point equal
to or higher than 2400°C, alloys containing these metals
mainly, carbides of these metais, borides of these met-
als, zirconium carbides and zirconium borides; and the
second substance is a low work function electron emis-
sive substance selected from borides of a metal select-
ed from a group consisting of lanthanum, yttrium, cerium
and cesium. The above-mentioned sintered mixture is
produced by mixing the above first and second sub-
stances and heating under pressure by hot isostatic
pressing.

Thus, the present invention provides an electron
beam apparatus which uses the thermoionic emissive
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cathode as an electron beam source thereof.

The thermoionic emissive cathode used in the ap-
paratus according to the present invention is formed by
impregnating electron emissive substance whose work
function is relatively low and whose electron beam cur-
rent density is high as electron emitting means in an ion
sputtering durable refractory substance as means for
improving durability against ion sputtering. Therefore,
the thermoionic emissive cathode is operable at heating
temperature substantially equal to that of the lanthanum
boride cathode in an vacuum environment under as low
pressure as in the range of 10-2to 10-3 Pa. Further, since
it is durable against ion sputtering, it is possible to emit
electron beam stably for long time under the same con-
dition as mentioned above.

In the electron beam apparatus using the present
thermoionic emissive cathode, frequency of replace-
ment of the thermoionic emissive cathode can be re-
duced, In addition, since thermal load of the thermoionic
emissive cathode is reduced, it is possible to improve
the stability of the electron beam apparatus.

The present invention will be described in further
detail with reference to the accompanying drawings, in
which:

Fig. 1 is a sectional view showing a thermoionic
emissive cathode for use in the apparatus accord-
ing to a first embodiment of the present invention;
Figs. 2 and 3 are sectional views useful to under-
stand a method of fabricating such a thermoionic
emissive cathode by hot isostatic pressing process;
Fig. 4 is a graph showing heating and pressing
steps in the hot isostatic pressing process of the
fabricating method;

Fig. 5 is a sectional view useful to understand a
manufacture of the thermoionic emissive cathode
by a hot uniaxial pressing process which is not an
embodiment of the present invention;

Fig. 6 is a table showing characteristics of a ther-
moionic emissive cathode used in an apparatus ac-
cording to a futher embodiment of the present in-
vention in comparison with that of a conventional
thermoionic emissive cathode;

Fig. 7 is a sectional view showing a thermoionic
emissive cathode for use in an apparatus according
to a further embodiment of the present invention;
Fig. 8 is a sectional view showing a fabrication step
of a thermoionic emissive cathode;

Fig. 9 is a sectional view showing a construction of
an electron beam apparatus; and

Fig. 10 is a perspective view of a thermoionic emis-
sive cathode used in the electron beam apparatus
shown in Fig. 9.

Embodiments of the present invention will be de-
scribed in detail with reference to the drawings.

In Fig. 1, a thermoionic emissive cathode 1 used in
the apparatus according to an embodiment of the
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present invention contains a high melting point refrac-
tory substance 2 durable against ion sputtering and an
electron emitting substance 3 of boride of a metal which
is selected from a group consisting of yttrium, lantha-
num, cerium and cesium, having low work function and
operable at low temperature (for example, in the order
of 1500°C to 1800°C) under low vacuum pressure (for
example, in the range of 102 to 102 Pa).

Substance which can be used as the high melting
point refractory substance 2 which is highly durable
against ion sputtering must have a practical melting
point of 2000°C or higher. Particularly, metal having
melting point of 2400°C or higher (for example, tung-
sten, rhenium, osmium, tantalum, molybdenum, nio-
bium and iridium), alloy containing the high melting point
metal mainly, carbide of the high melting point metal,
boride of the high melting point metal are suitable as the
substance 2. Further, zirconium carbide and zirconium
boride may be used as the high melting point refractory
substance 2, since these substances have melting
points equal to or higher than 3000°C although melting
point of zirconium is low.

Now, a method of fabricating the thermoionic emis-
sive cathode of the present invention by using hot iso-
static pressing (referred to as HIP, hereinafter) will be
described with reference to Figs. 2 to 4.

A method of fabricating a thermoionic emissive
cathode containing tungsten and lanthanum boride will
be described first, as a first embodiment of the present
invention. 100 g of tungsten powder having average par-
ticle size of 4 um and 24.5 g of lanthanum boride powder
having average particle size of 1 um are dry mixed so
that volume ratio becomes 5:5. A pellet 4 having a rec-
tangular parallelepiped shape is obtained by rubber
pressing a resulting powder mixture under pressure of
about 2000 kgf/cm?2.

Then, as shown in Fig. 2, the pellet 4 is putin a glass
container 5 (for example, glass container available from
Pylex) which is softened at a desired temperature (for
example, 770°C). The glass container 5 is further filled
with aluminum oxide powder 6 and, after evacuated, en-
capsulation thereof is performed.

Then, the glass container 5 evacuated and sealed
is put in a HIP processing device 7 as shown in Fig. 3
and HIP-processed according to the heating and press-
ing schedule shown in Fig. 4, resulting in a raw material
of a thermoionic emissive cathode. Now, the heating
and pressing schedule will be described in more detail.
In an initial stage, the glass container 5 is heated to sof-
tening temperature 770°C at a rate of 300°C/h. Then,
the softening temperature is maintained for 40 minutes
to completely soften the glass container 5. As to press-
ing, the pressure in the HIP processing device 7 is in-
creased up to 100 kgf/cm? for 5 minutes after the tem-
perature reaches 770°C and, thereafter, is increased up
to 200 kgf/cm? for 60 minutes. After a final HIP process-
ing condition of 1300°C and 1500 kgf/cm? is attained,
the condition is maintained for 90 minutes. In this case,
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atmosphere inthe HIP processing device 7 is argon gas.

The raw thermoionic emissive cathode obtained by
the HIP process is shapedto a desired configuration and
used as the thermoionic emissive cathode.

As mentioned, the glass container 5 is used as a
container for receiving the pellet 4. However, any con-
tainer formed of material whose softening temperature
is lower than the temperature of the final HIP processing
condition may be used. For example, metal such as alu-
minum, soft steel or copper may be used as material
formingthe container receivingthe pellet 4. When a met-
al is used as the material of the container for receiving
the pellet 4, it is possible to press the container to some
extent before the container having the pellet 4 therein is
softened in the HIP process.

As mentioned, the container 5 is filled with alumi-
num oxide powder 6 in addition to the pellet 4. However,
it is possible to fill the container 5 with other material
than aluminum oxide powder 6. For example, a material
such as boron nitride powder or zirconium oxide powder,
etc., which is not reactive to the pellet 4 and the contain-
er 5, may be used instead of aluminum oxide powder 6.
The powder material used to fill the container 5 is se-
lected arbitrarily according to HIP processing condition.

According to the HIP process mentioned above, it
is possible to make internal pressing state of the pellet
4 uniform. Therefore, an internal tissue of the pellet 4
obtained by this HIP process is uniform, resulting in a
very stable electron emitting characteristics.

The fabrication method of the thermoionic emissive
cathode containing tungsten and lanthanum boride has
been described. When a thermoionic emissive cathode
is fabricated by selecting other substances for the high
melting point refractory substance durable against ion
sputtering and the electron emissive substance fromthe
previously mentioned substances, the selected sub-
stances can be processed similarly to the above-men-
tioned combination of tungsten and lanthanum boride,
except the final HIP processing condition.

A second embodiment in which 100 g of tungsten
carbide powder having average particle size of 4.5 um
and 32 g of lanthanum boride powder having average
particle size of 1 um are dry mixed so that volume ratio
of tungsten carbide to lanthanum boride becomes 5:5
o obtain a sintered mixture by the HIP process will be
described. In this case, after dry mixing these substanc-
es, the HIP process is performed for the mixture in a
similar manner to the first embodiment under final HIP
processing condition of 1400°C, 2000 kgf/cm? in argon
atmosphere, the condition is maintained for 90 minutes.

A third embodiment in which 100 g of tantalum car-
bide powder having average particle size of 2 pym and
32 g of lanthanum boride powder having average parti-
cle size of 1 um are dry mixed so that volume ratio of
tantalum carbide to lanthanum boride becomes 5:5 to
obtain a sintered mixture by the HIP process will be de-
scribed. In this case, after dry mixing these substances,
the HIP process is performed for the mixture in a similar
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manner to the first embodiment under final HIP process-
ing condition of 1450°C, 1500 kgf/cm?2 in argon atmos-
phere, the condition is maintained for 90 minutes.

A fourth embodiment in which 100 g of zirconium
boride powder having average particle size of 7 um and
77.5 g of lanthanum boride powder having average par-
ticle size of 1 um are dry mixed so that volume ratio zir-
conium boride to lanthanum boride becomes 5:5 to ob-
tain a sintered mixture by the HIP process will be de-
scribed. In this case, after dry mixing these substances,
the HIP process is performed for the mixture in a similar
manner to the first embodiment under final HIP process-
ing condition of 1450°C, 1500 kgf/cm?2 in argon atmos-
phere, the condition is maintained for 90 minutes.

In order that a thermoionic emissive cathode of sin-
tered material has a mechanical strength large enough
to withstand stress during shaping and heating process-
es, the heating and pressing conditions of the HIP proc-
ess for making a sintered mixture of the high melting
point refractory substance durable against ion sputter-
ing and the electron emissive substance should be ap-
propriately changed. Particularly, in the final HIP proc-
ess, a combination of heating temperature of 1000°C or
higher and pressure of 200 kgf/cm?2 or higher is neces-
sary for the following reason. That is, in order to obtain
a sintered mixture of the high melting point refractory
substance durable against ion sputtering and the elec-
tron emissive substance under pressure condition of the
HIP process lower than 200 kgf/cm?2, it must be heated
up to a temperature close to a melting point of the elec-
tron emissive substance. However, such heating shall
substantially degrade the electron emitting characteris-
tics of the electron emissive substance. On the other
hand, in order to obtain a sintered mixture of the high
melting point refractory substance durable against ion
sputtering and the electron emissive substance under
temperature condition of the HIP process lower than
1000°C, very high pressure is required. However, it is
impossible to obtain a sintered mixture of the high melt-
ing point refractory substance durable against ion sput-
tering and the electron emitting substance under pres-
sure condition of the HIP process of 2000 kgf/cm?2 which
is maximum for an usual HIP processing device.

Further, the average particle size of the high melting
point refractory substance powder durable against ion
sputtering and the average particle size of the electron
emissive substance powder are not limited to those de-
scribed. For example, an average particle size of tung-
sten, tungsten carbide, tantalum carbide or zirconium
boride can be in a range from 1 um to 10 um and that
of lanthanum boride powder can be in a range from 0.5
umto 15 um.

Further, the volume ratio of the high melting point
refractory substance durable against ion sputtering to
the electron emissive substance of the thermoionic
emissive cathode is not limited to 5:5, but to a range
from 25:75 10 65:35. It was found that when the ratio of
the electron emissive substance in the thermoionic
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emissive cathode becomes 95% or more, the high melt-
ing point refractory substance of the thermoionic emis-
sive cathode can not play its role and the durability of
the thermoionic emissive cathode against ion sputtering
becomes dependent on the electron emissive sub-
stance. On the contrary, when the volume ratio of the
electron emissive substance in the thermoionic emis-
sive cathode is 5% or less, the thermoionic emissive
cathode can not emit a necessary amount of electron.

The volume ratio of the the high melting point re-
fractory substance durable against ion sputtering to the
electron emissive substance of the thermoionic emis-
sive cathode will be described. For example, when a
thermoionic emissive cathode containing tungsten car-
bide and lanthanum boride is used as an electron beam
source of an electron beam apparatus, it is preferable
that the volume ratio of tungsten carbide to lanthanum
boride is within a range from 25:75 to 65:35, because it
is possible to restrict stabiiity of electron beam current
from a thermoionic emissive cathode containing lantha-
num boride in volume ratio of 35% or more within 3%.
And, for a thermoionic emissive cathode containing lan-
thanum boride in a volume ratio of 75% or more, the
durability against ion sputtering is degraded since the
ratio of the high melting point refractory substance is re-
duced. As aresult, lanthanum boride is consumed much
and an electron emitting surface of the thermoionic
emissive cathode retrogrades. With such retrogradation
of the electron emitting surface of the thermoionic emis-
sive cathode, a cross-over position formed by an elec-
tron gun is deviated. If such deviation of the cross-over
position is not adjusted, the electron beam blurs. In ad-
dition, electron beam current change is observed, which
are very undesirable in view of the electron beam char-
acteristics. Therefore, the volume ratio of lanthanum bo-
ride contained in the thermoionic emissive cathode of
sintered tungsten carbide and lanthanum boride is pref-
erably between 35% and 75%.

The heating and pressing processes in order to ob-
tain a sintered mixture of the high melting point refrac-
tory substance durable against ion sputtering and the
electron emissive substance is performed by a HIP
process.

A fabrication method of thermoionic emissive cath-
ode by the hot uniaxial pressing process which is not an
embodiment of the invention but useful for its under-
standing will be described with reference to Fig. 5.

Tungsten carbide and lanthanum boride are used
as the high melting point refractory substance which is
durable against ion sputtering and the electron emissive
substance, respectively. 100 g of tungsten carbide pow-
der having average patrticle size of 4.5 um and 30 g of
lanthanum boride powder having average particle size
of 1 um are dry mixed so that volume ratio of tungsten
carbide to lanthanum boride becomes 5:5. A dry-mixed
powder 11 is inserted into a graphite mold composed of
a graphite punch 8 coated with boron nitride 10 and a
graphite die 9. And, a pressure of 500 kgf/cm? is exerted
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onto the mixture powder 11 in one direction by the
graphite punch 8. Then, the mixture powder 11 is heated
in a flow of nitrogen gas at a rate of 40°C/min. It is main-
tained at 1600°C for 1 hour and thereafter cooled in the
graphite mold. The mixture powder 11 is pressed to a
sintered mixture by this hot uniaxial pressing process.

Fig. 6 is a table showing characteristics of the ther-
moionic emissive cathode, such as operating tempera-
ture, durability against ion sputtering, beam current sta-
bility and lifetime, according to a further embodiment of
the present invention using a cathode obtained from a
sintered mixture of tungsten carbide and lanthanum bo-
ride by the HIP process and the conventional ribbon fil-
ament type thermoionic emissive cathode and the lan-
thanum boride thermoionic emissive cathode.

First, temperature of the respective thermoionic
emissive cathodes at which beam current becomes 3A/
cm? is compared.

When the thermoionic emissive cathode according
to the further embodiment is heated, it starts to emit
electron beam at 1200°C and the beam current of 3A/
cm? is obtained at which the temperature reaches 1400
- 1450°C. In this case, the electron beam irradiated at
1x 10 Pa.

Contrary to the present thermoionic emissive cath-
ode, in the ribbon filament type tungsten thermoionic
emissive cathode, beam current density of 3A/cm? is ob-
tained when it is heated to about 2600°C. That is, the
thermal load of the thermoionic emissive cathode ac-
cording to the embodiment is substantially reduced
compared with that of the tungsten thermoionic emis-
sive cathode.

The durability of a thermoionic emissive cathode
against ion sputtering is observed by irradiating a stain-
less steel block with electron beam of 40 mA emitted
from the thermoionic emissive cathode with accelera-
tion voltage of 60 kV. In the table shown in Fig. 6, the
ion sputtering durability is indicated by a ratio of volume
of a crater on a surface of the thermoionic emissive cath-
ode drilled by ion sputtering to that of the tungsten ther-
moionic emissive cathode.

As shown in Fig. 6, the thermoionic emissive cath-
ode according to the further embodiment exhibits sub-
stantially the same ion sputtering durability as that of the
tungsten thermoionic emissive cathode.

Contrary to the cathode according to the further em-
bodiment, the durability of the lanthanum boride cath-
ode against ion sputtering is as low as about one-tenth
of the tungsten cathode as well as the present cathode.
Therefore, when electron beam emitted from the lantha-
num boride cathode is used, focus of the beam and
beam current thereof may be varied considerably with
time.

Condition of electron beam was measured by con-
tinuously irradiating a stainless steel block with electron
beam of 40 mA emitted from each of the thermoionic
emissive cathodes with acceleration voltage of 60 kV.
The life times of the respective thermoionic emissive



9 EP 0 637 046 B1 10

cathodes are compared.

As a result, it is clarified that the thermoionic emis-
sive cathode according to the further embodiment emits
electron beam stably at least about 200 hours with beam
current stability of about +3%.

On the other hand, the life of the tungsten thermoi-
onic emissive cathode is as short as about 50 hours un-
der the same condition and the beam current stability
thereof is about £5%. The life of the lanthanum boride
cathode is about 200 hours under the same condition.
In the case of the lanthanum boride cathode, however,
loss of the electron emitting surface is considerable, the
stability of beam current is about £10% and the beam
focus is considerably varied with time.

From the results of comparison mentioned above,
the superior characteristics of the thermoionic emissive
cathode according to the second embodiment over the
conventional tungsten thermoionic emissive cathode as
well as the conventional lanthanum boride cathode is
proved. The comparison results can be applied to not
only the thermoionic emissive cathode containing tung-
sten carbide and lanthanum boride but also thermoionic
emissive cathodes containing any combination of high
melting point refractory and ion sputtering durable sub-
stance and the electron emissive substance both, se-
lected respectively from the previously mentioned sub-
stance groups.

Now, a fifth embodiment of the present invention will
be described with reference to Fig. 7.

As mentioned previously, in the thermoionic emis-
sive cathode according to the first or further embodiment
as described, the electron emissive substance con-
tained therein is evaporated from the whole surface of
the cathode when the cathode is heated to high temper-
ature. Therefore, such evaporation of electron emissive
substance should be restricted. According to a still fur-
ther embodiment, a thermoionic emissive cathode is is
provided with means for restricting evaporation of elec-
tron emissive substance from the whole surface area of
the cathode.

As shown in Fig. 7, a whole surface of a thermoionic
emissive cathode 1 except an electron emitting surface
12 thereof is coated with a coating film 13. The coating
film 13 of several hundreds angstrom (1 A = 1010 m)
thick is formed by depositing tungsten by sputtering.
With the coating film 13, it is possible to reduce the sur-
face area of the cathode from which electron emissive
substance evaporates and hence reduce the consum-
ing rate of evaporation of electron emissive substance.

Although the coating film 13 is of tungsten in this
embodiment, other materials than tungsten may be
used therefor provided that their melting point is equal
to or higher than 1400 - 1800°C which is the operating
temperature of the thermoionic emissive cathode. Par-
ticularly, in view of mechanical strength, etc., of the coat-
ing film 13, it is preferable to use any material whose
melting point is 2400°C or higher. Material satisfying
such condition other than tungsten may be at least a
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metal selected from a group consisting of rhenium, os-
mium, tantalum, molybdenum, niobium and iridium, etc.,
at least an alloy containing any of them as its main con-
stituent, at least a carbide of any of them or at least a
boride of any of them. In addition, nitrogen boride, alu-
minum oxide and zirconium oxide, etc., may be used for
the coating film 13 as well.

When the coating film 13 is formed of a material
containing any of the metals, the coating film 13 can
function for long time due to its durability against ion
sputtering. It should be noted, however, there is a ten-
dency of electric discharge between the coating film 13
and a grounding electrode, such as anode. This dis-
charge phenomenon causes beam current to vary and
hence makes electron beam unstable. On the contrary,
when an insulating material or the like such as nitrogen
boride, aluminum oxide and zirconium oxide is used as
material forming the coating film 13, it is possible to ob-
tain stable electron beam. That is, in this case, it is pos-
sible to obtain very stable electron beam since there is
no variation of electron beam current due to discharge,
although the life of the coating film 13 is not so long as
that obtainable with the film of the metal material.

The thickness of the coating film 13 is not limited to
several hundreds angstrom and it has been found that
an effect of sufficiently preventing evaporation of elec-
tron emissive substance is obtained with the film thick-
ness in a range from several tens angstrom to several
pm.

Further, complete uniform deposition of the coating
film 13 is not always required. There is no practical prob-
lem even if there are some locally undeposited portions.

The deposition of the coating film 13 can be per-
formed by other means than sputtering and CVD
(Chemical Vapor Deposition) may be used for the pur-
pose.

A process which is not an embodiment of the
present invention but useful for its understanding will be
described with reference to Fig. 8.

In Fig. 8, an electron emissive surface 16 of a ther-
moionic emissive cathode 15 of a sintered mixture of
tungsten carbide which is a high melting point refractory
and ion sputtering durable substance and lanthanum
boride which is an electron emissive substance, pre-
pared by heating and pressing is coated with a film of
tungsten boride by which electron emission from lantha-
num boride of the cathode is prevented.

In the sixth embodiment of the present invention,
the thermoionic emissive cathode 15 of the sintered mix-
ture of tungsten carbide and lanthanum boride, pre-
pared by heating and pressing is put in a dry etching
device 14, as shown in Fig. 8 and the electron emissive
surface 16 of the cathode 15 is dry etched in a low air
pressure maintained at 101 Pa with DC 800V for about
one hour to evaporate, sublimate and/or drop tungsten
boride on the electron emissive surface 16 by reaction
with atmospheric gas to thereby expose lanthanum bo-
ride of the electron emissive surface 16.
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Although, in order to activate a thermoionic emis-
sive cathode, it is usual to put it in an electron beam
apparatus and heat it to about 1400°C for about one
hour, it is possible to activate the thermoionic emissive
cathode 15 having the dry etched electron emissive sur-
face 16 at about 1400°C for about 5 minutes.

Next, an electron beam apparatus using a thermoi-
onic emissive cathode prepared by hot isostatic press-
ing process of tungsten carbide and lanthanum boride,
according to a seventh embodiment of the present in-
vention will be described with reference to Figs. 9 and
10.

As shown in Fig. 9, an electron gun used in the elec-
tron beam apparatus comprises a cathode 17, a bias
electrode 18 and an anode 19. The cathode 17 compris-
es athermoionic emissive cathode 20 and a pair of heat-
ers 21 and 21' arranged on both sides of the thermoionic
emissive cathode 20 for heating the latter. The cathode
17 further comprises a pair of stems 22 and 22' mechan-
ically supporting the heaters 21 and 21' and constituting
a circuit for supplying electric current to the heaters 21
and 21' to heat the latter, clamp screws 23 and 23' and
an insulating plate 24. That is, the cathode 17 has a
structure similar to the Vogel type structure. The ther-
moionic emissive cathode 20 has a circular electron
emissive surface 27 having diameter of 2 - 3 mm, as
shown in Fig. 10. A portion 28 which is supplied with
electric current directly so as to be heated directly takes
in the form of a rectangular parallelepiped block having
thickness in current supply direction smaller than in oth-
er directions, in order to improve the heating efficiency.

In the electron gun constructed as mentioned
above, the thermoionic emissive cathode 20 is heated
by conduction of heat from the heaters 21 and 21' and
emits an electron beam 25 from the electron emissive
surface 27. The electron beam 25 emitted from the elec-
tron emissive surface 27 is accelerated by an acceler-
ating voltage applied between the thermoionic emissive
cathode 20 and the anode 26, while an amount of beam
current of the electron beam 25 is controlled by a beam
current control voltage applied between the thermoionic
emissive cathode 20 and the bias electrode 18, and
passes through an opening 26 of the anode 19 exter-
nally.

This electron gun, when heated to about 1500 -
1800°C in vacuum pressure in the range of 102 - 10-3
Pa, can emit electron beam stably.

The scope of the present invention is not limited to
the described embodiments and covers other technical
matters coming within the scope of the claims.

Claims

1. An electron beam apparatus for melting metal ma-
terial, comprising a thermoionic emissive cathode
(20) for emitting an electron beam (25) by being
heated by conduction of heat from a pair of heaters
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(21,21"), an anode (19) for accelerating said elec-
tron beam and a bias electrode (18) for controlling
an amount of beam current of said electron beam,
wherein said thermoionic emissive cathode is
formed from a sintered mixture having at least one
high melting point refractory and ion sputtering du-
rable substance (2) and at least one electron emis-
sive substance (3) having low work function, char-
acterized in that:

said high melting point refractory and ion sput-
tering durable substance (2) has a melting point
of at least 2000°C and is selected from a group
consisting of a metal having melting point equal
to or higher than 2400°C, an alloy containing
said metal as a main constituent thereof, a car-
bide of said metal, a boride of said metal, zir-
conium carbide and zirconium boride,

said electron emissive substance (3) is select-
ed from borides of a metal selected from a
group consisting of lanthanum, yttrium, cerium
and cesium,

a volume ratio of said high melting point refrac-
tory and ion sputtering durable substance (2)
to said electron emissive substance (3) is within
a range of from 25:75 to 65:35, and

said sintered mixture is prepared by hot isostat-
ic pressing process to render said thermoionic
emissive cathode highly resistant to metal ion
sputtering occurring during electron beam
emission from said thermoionic cathode for
melting metal material.

The apparatus as claimed in claim 1, wherein said
thermoionic cathode comprises means (13) for pre-
venting said electron emissive substance from
evaporation from other surface portion than an elec-
tron emissive surface (12) of said thermoionic emis-
sive cathode.

The apparatus as claimed in claim 2, wherein said
means (13) comprises a coating film of a material
containing substance having melting point equal to
or higher than 2400°C provided on said other sur-
face portion of said thermoionic emissive cathode
(20).

The apparatus as claimed in claim 2 or 3, wherein
said means (13) comprises a coating film of an in-
sulating material.

The apparatus as claimed in claim 4, wherein said
coating film (13) is formed from a substance select-
ed from a group of nitrogen boride, aluminum oxide
and zirconium oxide.

The apparatus as claimed in any of claims 1 to 5,
wherein said high melting point refractory and ion
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sputtering durable substance (2) is tungsten car-
bide and said electron emissive substance (3)is lan-
thanum boride.

7. The apparatus as claimed in any of claims 1 to 6,
wherein said thermoionic emissive cathode com-
prises an electron emissive surface (16) formed by
dry etching.

Patentanspriiche

1. Elektironenstrahlvorrichtung zum Schmelzen von

metallischem Material, mit einer thermisch emittie-
renden Kathode (20) zum Emittieren eines Elektro-
nenstrahls (25) durch Erwarmen durch Warmelei-
tung von einem Paar Heizern (21, 21'), einer Anode
(19) zum Beschleunigen des Elektronenstrahls und
einer Vorspannungselektrode (18) zum Steuern ei-
nes Strahlstrombetrags des Elekironenstrahls, wo-
bei die thermisch emittierende Kathode aus einem
Sintergemisch mit mindestens einer hochschmel-
zenden feuerfesten und ionenzerstaubungsbestan-
digen Substanz (2) und mindestens einer elekiro-
nenemittierenden Substanz (3) mit geringer Aus-
trittsarbeit besteht, dadurch gekennzeichnet, daf:

die hochschmelzende feuerfeste und ionenzer-
staubungsbestandige Substanz (2) einen
Schmelzpunkt von mindestens 2000 °C hat
und aus einer Gruppe gewahlt ist, die aus ei-
nem Metall mit einem Schmelzpunkt, der gré-
Ber oder gleich 2400 °C ist, einer Legierung,
die das Metall als ihren Hauptbestandteil ent-
halt, einem Carbid dieses Metalls, einem Borid
dieses Metalls, Zirconiumcarbid und Zirconi-
umborid besteht,

die elektronenemittierende Substanz (3) aus
Boriden eines Metalls gewahlt ist, das aus einer
Gruppe gewahlt ist, die aus Lanthan, Yttrium,
Cerium und Casium besteht,

ein Volumenverhaltnis zwischen der hoch-
schmelzenden feuerfesten und ionenzerstau-
bungsbestandigen Substanz (2) und der elek-
tronenemittierenden Substanz (3) in einem Be-
reich von 25:75 bis 65:35 liegt und

das Sintergemisch in einem isostatischen
WarmpreBprozeB hergestellt wird, um die ther-
misch emittierende Kathode hochwiderstands-
fahig gegen Metallionenzerstaubung zu ma-
chen, die wahrend der Elektronenstrahlemissi-
on aus der thermisch emittierenden Kathode
zum Schmelzen eines metallischen Materials
auftritt.

2. Vorrichtung nach Anspruch 1, wobei die thermisch

emittierende Kathode eine Einrichtung (13) zum
Verhindern, daB die elektronenemittierende Sub-
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stanz von einem anderen Oberflachenabschnitt als
einer elektronenemittierenden Oberflache (12) der
thermisch emittierenden Kathode verdampft wird,
aufweist.

3. Vorrichtungnach Anspruch 2, wobeidie Einrichtung
(13) eine Deckschicht aus einem Material aufweist,
das eine Substanz mit einem Schmelzpunki ent-
halt, der gleich oder gréBer als 2400 °C ist, und das
auf dem anderen Oberflachenabschnitt der ther-
misch emittierenden Kathode (20) vorgesehen ist.

4. Vorrichtung nach Anspruch 2 oder 3, wobei die Ein-
richtung (13) eine Deckschicht aus einem Isolier-
material aufweist.

5. Vorrichtung nach Anspruch 4, wobei die Deck-
schicht (13) aus einer Substanz ausgebildet ist, die
aus einer Gruppe von Stickstoffborid, Aluminium-
oxid und Zirconiumoxid ausgewahlt ist.

6. Vorrichtung nach einem der Anspriiche 1 bis 5, wo-
bei die hochschmelzende feuerfeste und ionenzer-
stdubungsbestandige Substanz (2) Wolframcarbid
und die elektronenemittierende Substanz (3) Lan-
thanborid ist.

7. Vorrichtung nach einem der Anspriiche 1 bis 6, wo-
bei die thermisch emittierende Kathode eine elek-
tronenemittierende Oberflache (16) aufweist, die
durch Trockenatzen ausgebildet ist.

Revendications

1. Appareil afaisceau d'électrons pour fondre une ma-
tiere métallique, comprenant une cathode (20) a
émission thermoionique pour émettre un faisceau
d'électrons (25) étant chauffée par conduction de
chaleur provenant d'une paire d'éléments chauf-
fants (21,21"), une anode 19 pour accélérer ledit
faisceau d'électrons et une électrode de polarisa-
tion (18) pour commander une certaine quantité de
courant de faisceau dudit faisceau d'électrons,
dans lequel la cathode & émission thermoionique
estformée a partir d'un mélange fritté possédant au
moins une substance réfractaire (2) a point de fu-
sion élevé et résistant durablement a la pulvérisa-
tion cathodique d'ions et au moins une substance
(8) émettrice d'électrons possédant un faible travail
d'extraction, caractérisé en ce que:

ladite substance réfractaire (2) a point de fusion
élevé et résistant durablement a la pulvérisa-
tion cathodique c'ions posséde un point de fu-
sion d'au moins 2000°C et est choisie dans le
groupe formé par un métal ayant un point de
fusion supérieur ou égal & 2400°C, un alliage
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contenant ledit métal en tant que constituant
principal de celui-ci, un carbure dudit métal, un
borure dudit métal, le carbure de zirconium et
le borure de zirconium.

ladite substance (3) émettrice d'électrons est
choisie parmi les borures d'un métal choisi
dans un groupe formé par le lanthane, I'yttrium,
le cérium et le césium,

un rapport volumique de ladite substance ré-
fractaire (2) a point de fusion élevé et résistant
durablement a la pulvérisation cathodique
d'ions a ladite substance (3) émettrice d'élec-
trons est compris entre 25:75 et 65:35, et

ledit mélange fritté est préparé par un procédé
de pressage isostatique a chaud pour rendre la
cathode a émission thermoionique trés résis-
tante a la pulvérisation cathodique d'ions mé-
talliques se produisant au cours de I'émission
d'un faisceau d'électrons a partir de ladite ca-
thode & émission thermoionique pour fondre de
la matiére métallique.

Appareil selon la revendication 1, dans lequel ladite
cathode a émission thermoionique comprend un
moyen (13) pour empécher la vaporisation de ladite
substance émettrice d'électrons d'une partie de sur-
face autre qu'une surface (12) émettrice d'électrons
de ladite cathode a émission thermoionique.

Appareil selon la revendication 2, dans lequel ledit
moyen (13) comprend un film de revétement d'une
substance contenant une matiére ayant un point de
fusion supérieur ou égal & 2400°C fournie sur ladite
autre portion de surface de ladite cathode (20) a
émission thermoionique.

Appareil selon la revendication 2 ou 3, dans lequel
le moyen (13) comprend un film de revétement
d'une matiére isolante.

Appareil selon larevendication 4, dans laquelle ledit
film de revétement (13) est formé a partir d'une
substance choisie dans le groupe formé par le bo-
rure d'azote, l'oxyde d'aluminium et l'oxyde de zir-
conium.

Appareil selon 'une quelconque des revendications
1a5, danslequel la substance réfractaire (2) a point
de fusion élevé et résistant durablement a la pulvé-
risation cathodique d'ions est le carbure de tungs-
téne et ladite substance (3) émettrice d'électrons
est le borure de lanthane.

Appareil selon 'une quelconque des revendications
146, dans laquelle la cathode a émission thermoio-
nique comprend une surface (16) émetirice d'élec-
trons formée par une attaque chimique a sec.
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