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) Electron tube cathode and method of its manufacture.

@ An electrode tube cathode (1) having improved
electron emission properties is produced by sus-
pending an alkaline earth metal carbonate powder
and scandium oxide powder in a solution of nitrocel-
lulose, regulating their particle size, applying the
suspension on a nickel base metal surface (1b) such
that the coating density is not greater than 2
mg/mm?3, and heating the layer of the carbonate in
vacuum to a temperaiure of 800 - 1200° C to de-
compose to the oxide, thereby forming a porous
electron emission layer (30) wherein scandium oxide
is dispersed in an alkaline earth metal oxide on the
base metal. The resultant electron emission layer
(30) has a porous structure, and hence the stress
between the layer and the base is reduced. This
appears to suppress the swelling of the layer and
the peeling of it away from the surface of the base.
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ELECTRON TUBE CATHODE AND METHOD OF {TS MANUFACTURE

FIELD OF THE INVENTION

This invention concerns a cathode used in
cathode ray tubes or other electron fubes.

BACKGROUND OF THE INVENTION

The cathodes conventionally used in cathode
ray tubes or other electron tubes were most often
oxide cathodes comprising a base metal having
nickel as the principal component and containing
also minute quantities of reducing agents such as
magnesium and silicon, on which a layer of oxide
of alkaline earth metal including Ba was formed.
These oxide cathodes were prepared by thermally
decomposing an alkaline earth metal carbonaie to
convert it to the oxide and allowing reducing agents
o react with the oxide so as to liberate free atoms,
the free atoms then acting as electron donors fo
promote electron emission.

The reason why this complex procedure was
used is that, although Ba has excellent electron
emission properties, it is extremely reactive, and
reacts with moisture in the air to produce barium
hydroxide. As it is very difficult to produce free
barium from barium hydroxide in an electron tube,
the carbonate was chosen as the starting material
due to its chemical stability. The carbonate may be
the single element carbonate such as BaCOs or a
multi-element carbonate such as (Ba, Sr, Ca) COs,
but as the basic mechanism of activation forming
the donor is the same for all of the above salts, we
shall take the single element carbonate as an ex-
ample, and describe the mechanism in detail with
reference to Fig. 3.

Fig. 3 is a schematic sectional view of a con-
ventional oxide cathode. In the figure, the cathode
1 comprises a cathode sleeve 1a and a cathode
cap 1b. A heater 2 is installed inside the cathode
sleeve 1a so as to be able to heat the interior of
the sleeve. The cathode cap 1b performs the role
of a base metal for cathode 1, and a layer of
electron emissive substance 3 is formed on the
cathode. This layer 3 is initially formed as a barium
carbonate layer. The layer 3 is formed for example
by spraying, electro-depositing or coating, onto the
surface of cathode cap 1b, barium carbonate mixed
and stirred into a solution of a resin such as
nitrocellulose in an organic solvent. The oxide cath-
ode so formed is assembled in an electron tube,
and when the -temperature is raised to approx.
1000° C by heater 2 in the evacuation process to
place the interior of the tube under vacuum, the
barium carbonate of the layer 3 is thermally de-
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composed according to formula (I) below into bari-
um oxide:
BaCOs; =~ BaO + CO; n

The carbon dioxide produced by the above
reaction is evacuated outside the tube. At the same
time, the nitrocellulose or other organic materials
are also thermally decomposed into gases, and the
gases are evacuated outside the tube together with
the carbon dioxide.

Conventional cathodes however suffered from
the disadvantage that, when the above reaction (I)
took place, an oxidizing atmosphere of carbon
monoxide, oxygen or the like was produced in the
tube, and the nickel and reducing agents such as
Si or Mg which play an important role in the
reduction reaction are oxidized on the surface of
cathode cap 1b at the same time.

After reaction (1), the interface between electron
emission layer 3 and cathode cap 1b is in the state
shown in Fig. 4. 11 is the interface between the
cathode cap 1b and the barium carbonate layer 3.
Fig. 4 is a partial enlarged sectional view to de-
scribe the area near the interface 11 between cath-
ode cap 1b and electron emission layer 3 in more
detail. In general, minute rod-shaped crystals of
barium oxide 8 agglomerate to form crystal grains
9 of several microns - several tens of microns in
size, and there are interstices 10 of an appropriate
size between these grains which make layer 3
porous. The barium oxide in this layer 3 reacts with
reducing agents such as Si and Mg in the cathode
cap 1b at the interface 11 with the cap, and is
reduced to free barium. This is due to the fact that
the reducing agents diffuse and migrate between
the grain boundaries 7 of the nickel crystals 6 in
cap 1b, and give rise to the following reductions (il)
and (Ill} in the vicinity of the interface 11.
2Ba0 + Si —2Ba + SiO; (1)

BaO + Mg — Ba + MgO (1)

As can be seen from the above reactions (il)
and (lll), the free barium (Ba) obtained as a result
of the reduction of barium oxide acts as an electron
donor.

At the same time, barium silicate (Ba2SiOs) is
also produced by the following reaction (IV):

Si0, + 2Ba0 — BaySiO. (V)

As described above, the electron donor Ba is
produced at the interface 11 between electron
emission layer 3 and cathode cap 1b, migrates
through the interstices 10 of layer 3, emerges on
the surface and fulfils its function of emitting elec-
trons. It also evaporates and reacts with residual
CO, CO2, Oz and H20 gases in the electron tube
to be eliminated. It is therefore necessary to supply
Ba continuously by means of the above reactions,
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and these reductions take place continuously dur-
ing the operation of the cathode. To ensure that an
equilibrium is maintained between supply and
elimination of Ba, the cathode is usually operated
at a high temperature of approx. 800" C. While the
cathode is being operated, the reaction products 12
of reactions (Il) and (IV), that is SiO2, Ba»SiOs or
the like are produced at the interface 11 of layer 3
and cap 1b, and accumulate continucusly at the
interface 11 or at the crystal grain boundaries 7.
When the reaction products 12 accumulate at the
interface 11, however, layer 3 and cap 1b tend to
join together at the interface. The result is that
reaction products 12 provide a barrier (generally
referred to as an intermediate layer) to the passage
of Si or the like, reactions (Il) and (lll) tend to slow
down, and the production of electron donor Ba
becomes difficult. Further. as the intermediate layer
has a high resistance, it interferes with the free flow
of emission electrons.

In conventional electron tube cathodes, there-
fore, in the decomposition of carbonates and re-
duction reactions to produce electron emission do-
nors, the reducing agents were oxidized and reac-
tion products 12 accumulated. Also. during opera-
tion of the cathode, reaction products 12 accu-
mulated in the vicinity of the interface 11 between
cathode cap 1b and electron emission layer 3, and
in particular at the nickel crystal grain boundaries 7
in the vicinity of the surface of cap 1b. An inter-
mediate layer was therefore formed and prevented
the passage of Si or the like, and as this intermedi-
ate layer had a high resistance, it interfered with
the flow of electron emission current and gradually
obsiructed the diffusion of reducing agents into
layer 3. Consequently, it was impossible to obtain
satisfactory electron emission properties with a
high current density over a long period of time.

To overcome the above problems, Japanese
Patent Application Kokai Publication No. 61-271732
(referred to hereafter as the prior art) was pro-
posed. According to this prior art, powder of scan-
dium oxide is dispersed in the electron emission
layer to dissociate reaction products such as
BazSiO4, and thereby break up the intermediate
layer. As a result, the passage of reducing agents
such as Si between the crystal grain boundaries 7
is facilitated, reactions (Il) and (Ill) are promoted,
and the electron donor Ba is produced more easily.

In the scandium oxide dispersed cathode of the
prior art, the production of electron donor Ba is
promoted and electron emission properties are im-
proved. As the electron emission layer has a high
density, however, when the cathod ray iube was
switched on and off, a large stress was produced
due to the difference in thermal expansion coeffi-
cient between this layer and the cathode cap. This
sometimes caused the electron emission layer to
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blister and swell up in places at the interface with
the cap, and in severe cases even caused it to peel
away completely.

We shall explain the swelling phenomenon with
reference to Fig. 2. Fig. 2 is a schematic front view
of the surface of the cathode cap after the electron
emission layer of the cathode has been carefully
peeled off in a life test. In the figure, the peripheral
area A is the part corresponding to barium silicate
which is one of the above reaction products 12,
and the central part B corresponds to nickel. The
presence of both the barium silicate and nickel was
confirmed by X-ray diffraction.

This indicates that in the peripheral area A,
reaction (IV) occurred at the interface between the
base metal of the cathode cap and the electron
emission layer; whereas in the central area B, no
reaction occurred as the base metal and the elec-
fron emission layer are not in contact. It may thus
be conjectured that local swelling of the electron
emission layer took place in the central area.

SUMMARY OF THE INVENTION

This invention was conceived to overcome the
above problem. It aims to provide an electron tube
cathode with superior electron emission properties
wherein the electron emission layer does not swell
up or peel away at the interface with the cathode
cap.

The electron tube cathode of this invention is
characterized in that it is comprised of a layer of an
electron-emissive substance consisting of scan-
dium oxide dispersed in alkaline earth metal oxide
containing barium formed on a nickel base metal
surface, wherein said layer of an electron-emissive
substance is formed from an alkaline earth metal
carbonate layer of coating density not greater than
2 mg/mm?.

The electron tube cathode can be manufac-
fured advantageously by a method comprising:

a step of preparing a suspension by suspending an
alkaline earth metal carbonate powder and scan-
dium oxide powder in an organic solvent solution of
nitrocelluiose, and regulating the particle size of
said powders,

a step of applying said suspension onto a nickel
base metal surface such that the coating density is
not greater than 2 mg/mm? so as to form a layer of
alkaline earth metal carbonate, and

a step of heating said layer of alkaline earth metal
carbonate in vacuum to a temperature of 800 -
1200° C to decompose said carbonate into oxide,
thereby forming a porous electron emission layer
wherein scandium oxide is dispersed in an alkaline
earth metal oxide on said nickel base metal sur-
face.
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According fo this invention, the electron emis-
sion layer is formed by the thermal decomposition
of the alkaline earth metal carbonate layer of coat-
ing density not greater than 2 mg/mm?3, so the
electron emission layer has a coarse porous struc-
fure. As a result, the stress due fo the difference in
thermal expansion coefficient between the electron
emission layer and the base metal is reduced. This
appears to suppress the swelling of the layer and
the peeling of the layer away from the surface of
the base metal, so that a highly reliable electron
tube cathode is obtained. -

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a schematic view showing the structure
of one embodiment of the electron tube cathode
of this invention.

Fig. 2 is an enlarged frontal view schematically
showing the surface of the cathode cap where
part of the electron emission substance has
swollen up.

Fig. 3 is a schematic structural view showing
one example of a conventional oxide cathode.
Fig. 4 is a partial enlarged sectional view to
provide a detailed description of the area near
the interface between the base metal and the
electron emission layer.

DETAILED DESCRIPTION OF PREFERRED EM-
BODIMENTS

We shall now describe one embodiment of this
invention in more detail with reference to the draw-
ings.

Fig. 1 is a schematic view of the structure of
one embodiment of the electron tube cathode of
this invention. In the figure, components which are
identical to those of the conventional example
shown in Fig. 3 are given the same numbers, and
their description is omitted.

In Fig. 1, 30 is a electron emission layer, and it
is formed on the surface of a cathode cap 1b
comprising nickel base metal and Si or Mg as
reducing agents. This electron emission layer 30
has an alkaline earth metal oxide as its principal
constituent, and scandium oxide is dispersed in if.
The alkaline earth metal oxide is preferably barium
oxide, but it may also be a ternary oxide containing
Sr and Ca in addition to Ba. Further, the proportion
of the scandium oxide is preferably in the range
0.1 - 20 weight %.

The electron emission layer of the above elec-
tron tube cathode must be formed from an alkaline
earth metal carbonate layer of coating density not
greater than 2 mg/mm3, but the coating density is
preferably not greater than 1.6 mg/mm3 and more
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preferably 0.8 mg/mm?.

The electron tube cathode may be manufac-
tured advantageously by the following method.

Firstly, a powder of an alkaline earth metal
carbonate and scandium oxide powder are sus-
pended in an organic solvent solution of nitrocel-
lulose, and the particle size of the powders is then
adjusted so as to cbtain a suitable suspension.

The above suspension may be similar to con-
ventional suspensions. It may for example be pre-
pared by blending barium carbonate and scandium
oxide with a solution of a resin such as nitrocel-
lulose in an organic solvent in the desired weight
% (calculated on the assumption that the carbonate
will be converted fo oxide), and then crushing the
product in a ball mill or other device to obtain a
suitable particle size. The barium carbonate may
also be a ternary carbonate containing Sr and Ca in
addition to Ba.

Next, a layer of alkaline earth metal carbonate
is formed by applying the, above suspension to a
nickel base metal surface such that the coating
density is not greater than 2 mg/mm3. As soon as
the suspension is applied to the surface, the or-
ganic solvent evaporates, and leaves an alkaline
earth metal carbonate layer comprised of barium
carbonate, scandium oxide and nitrocellulose. In
this specification, therefore, the term "coating den-
sity" refers to the density of this alkaline earth
metal carbonate layer formed from the suspension.
Further, it is preferable that the suspension is ap-
plied such that the coating density of the layer is
not greater than 1.6 mg/mm?3, and more preferable
that it is not greater than 0.8 mg/mm3.

The alkaline earth metal carbonate layer is
normally formed by spraying. Apart from spraying,
electro-deposition or a coating method such as
spin coating or blade coating may also be used.
The term "apply" or "application” as used in the
appended claims should be construed to cover
"spraying", "electro-deposition”, "coating", "spray
coating”, "blade coating" and other types of film
formation.

There is no particular restriction on the method
used to form the layer, but spraying is to be
preferred as it gives a porous film which is impor-
tant to obtain good contact between the cathode
cap and electron emission layer, and as good
electron emission properties are obtained.

Next, the alkaline earth metal carbonate layer
is heated in vacuum to a temperature of 800 -
1200° C to decompose the carbonate to oxide, and
a porous electron emission layer of alkaline earth
metal oxide containing a dispersion of scandium
oxide is thus formed on the surface of the nickel
base metal surface. ‘

The heating of the alkaline earth metal car-
bonate layer is preferably carried out at a tempera-
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ture of no less than 1000° C for several 10 seconds
to several minutes.

Cathodes were manufactured with different
coating densities of the alkaline earth metal car-
bonate layer on the surface of the cap base metal,
assembled in cathode ray tubes, and subjected to
operating tests. The film thickness of the alkaline
earth metal carbonate layer was approx. 100
microns.

After 2000 hours had elapsed from the begin-
ning of the operating tests, the cui-off voltage de-
termined by the gap between the cathode and a
control electrode was measured, and the following
results were obtained.

For cathodes where (a) the coating density
exceeded 2 mg/mm?3, abnormal values of cut-off
voltage were found which suggested that the elec-
tron emission layer had swelled up. When the fest
cathode ray tubes which had shown these ab-
normal values were broken, the cathode removed
and the electron emission layer observed, the layer
was found fo have a swelling in the part where the
emission electron current was exiracted. For cath-
odes (b) where the coating density did not exceed
1.6 mg/mm?, on the other hand, there were no
abnormalities of cut-off voltage at all. Cathodes (c),
where the coating density was 0.8 mg/mm?3, also
gave a stable electron emission current and were
the most desirable from the viewpoint of perfor-
mance.

From the results of (a) - (c) above, it is clearly
necessary that the coating density of the alkaline
earth metal carbonate layer which forms electron
emission layer 30 is not greater than 2 mg/mm?,
preferable that it is not greater than 1.6 mg/mm?,
and more preferable that it is not greater than 0.8
mg/mm3.

The coating density of the alkaline earth metal
layer which forms eleciron emission layer 30 in the
cathode of the above embodiment is not greater
than 2 mg/mm?. Layer 30 therefore has a coarse
porous structure, it has higher flexibility, and the
stress arising from the difference in thermal expan-
sion coefficient between the emission layer 30 and
the cathode cap 1b is smaller. The swelling of said
layer 30 on the surface of cathode 1b therefore
does not occur.

It may be conjectured that when electron emis-
sion layer 30 is joined to the surface of the cathode
cap 1b, reaction (IV) occurs, and reaction products
12 accumulate in the region of the interface 11 so
as to form an intermediate layer. In the electron
cathode tube of the above embodiment, however,
reaction products 12 decompose and the formation
of an intermediate layer is suppressed for the fol-
lowing reason.

During operation of the cathode, the reaction
expressed by formula (IV) above does take place.
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Barium silicate (Ba2SiOs), one of the reaction pro-
ducts 12, is however decomposed by scandium
oxide (Sc203) and nickel in the following reactions
(V) and (Vi)

Sc203 + 10Ni — 2ScNis + 30 '\

9Ba,Si0s + 18ScNis—4BaszScsO9 + 6Ba + 9Si
+ 8ONi (V1)

The above reactions (V) and (VI) show that
even if reaction products 12 such as barium silicate
do accumulate in the region of the interface 11
between electron emission layer 30 and cathode
cap 1b or the crystal grain boundaries 7, they are
broken up and destroyed rapidly by the scandium
oxide dispersed in electron emission layer 30.

Due to this decomposing action of scandium
oxide, the interstices through which reducing met-
als such as Si pass are conserved, and the produc-
tion of Ba which is an electron emission donor is
promoted.

The electron cathode tube of this embodiment
can therefore be operated without the electron
emission layer swelling up, and as a high resis-
tance intermediate layer of barium silicate and oth-
er reaction products is not easily formed, there is
nec obstruction of the electron emission current and
the tube can be operated at a high current density.

As described above, the eleciron cathode of
this invention has a constant, stable electron emis-
sion without any swelling or peeling of the electron
emission layer even when operated for long
periods of time.

Further, in the above electron cathode tube, no
intermediate layer is formed in the region between
the cathode cap and the electron emission layer.
The generation of the electron emission donor Ba
is thereby promoted, and the electron emission
current is not obstructed.

The above electron tube cathode may there-
fore be used at a high current density over long
periods of time.

Claims

1. An electron tube cathode comprised of:

a nickel base metal member (16) and a layer (30)
of an eleciron-emissive substance consisting of
scandium oxide dispersed in an alkaline earth met-
al oxide containing barium formed on the surface of
the nickel base metal member, wherein said layer
of an electron-emissive substance bas a coating
density not greater than 2 mg/mm?q.

2. An electron tube cathode as in Claim 1 wherein
the nickei base metal contains Si or Mg as reduc-
ing agents.

3. An electron tube cathode as in Claim 1 wherein
said alkaline earth metal oxide is barium oxide.

4. An electron tube cathode as in Claim 3 wherein
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said barium oxide is a ternary oxide containing Sr
and Ca.

5. An electron tube cathode as in Claim 1 wherein
the proportion of scandium oxide lies in the range
of approx. 0.1 - 20 weight %.

6. An electron tube cathode as in Claim 1 wherein
the coating density of said alkaline earth metal
carbonate layer is no greater than 1.6 mg/mm3.

7. An electron tube cathode as in Claim 1 wherein
the coating density of said alkaline earth metal
carbonate layer is not greater than 0.8 mg/mms3.

8. A method of manufacturing an electrode tube
cathode comprising:

a step of forming a suspension by suspending an
alkaline earth metal carbonate powder and scan-
dium oxide powder in an organic solvent solution of
nitrocellulose, and regulating the particle size of
said powders,

a step of applying said suspension onto a nickel
base metal surface such that the coating density is
not greater than 2 mg/mm?3 so as to, form a layer
of an alkaline earth metal carbonate, and

a step of heating said layer of alkaline earth metal
carbonate in vacuum to a temperature of 800 -
1200°C to decompose said carbonate into oxide,
thereby forming a porous electron emission layer
wherein scandium oxide is dispersed in an alkaline
earth metal oxide on said nickel base metal sur-
face.

9. A method as in Claim 8 wherein the alkaline
earth metal carbonate is barium carbonate.

10. A method as in Claim 9 wherein said barium
carbonate is a ternary carbonate containing also Sr
and Ca.

11. A method as in Claim 8 whersin the coating
density of said layer of alkaline earth metal car-
bonate is not greater than 1.6 mg/mm3.

12. A method as in Claim 11 wherein the coating
density of said layer of alkaline earth metal car-
bonate is not greater than 0.8 mg/mm3.

13. A method as in Claim 8 wherein the application
of said suspension is carried out by spraying.

14. A method as in Claim 8 wherein the heating of
said layer of alkaline earth metal carbonate is car-
ried out in vacuum at a temperature of no less than
1000° C.

15. A method as in Claim 14 wherein the heating of
said layer of alkaline earth metal carbonate is car-
ried out for a period of from several 10 seconds to
several minutes.
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