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57) . ABSTRACT 
The cathode device comprises a body consisting of a 
mixture of electrically insulative and heat resistant 
substance and a metal and packed in a hollow con 
tainer, an electron emissive substrate secured to one 
end of the casing, and a foil heater embedded in the 
body with its effective surface faced to and spaced 
from the substrate. 

8 Claims, 9 Drawing Figures 
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NDERECTLY HEATED TYPE CATHODE DEVICES 
USNG FOL HEATER EMBEDDED IN MEXTURE 
OF HEAT RESISTANT DELECTRIC AND A 

METAL 

This invention relates to a cathode structure, more 
particularly an indirectly heated type cathode device. 

In an indirectly heated type cathode structure uti 
lized in electron tubes, klystrons, travelling wave tubes 
and the like, an electron emissive substance is heated 
through an intermediate of an electric insulator so as to 
emanate electrons in the form of a beam. An electric 
heater utilized in the prior art indirectly heated type 
cathode device generally comprises a resistance wire 
wound in the form of a helical coil and embedded in an 
electric insulator. 
The coiled heater is characterized in that the mag 

netic field formed thereby does not affect in any way 
the electron beam emanated by the cathode device. On 
the other hand, the thermal efficiency of the heater is 
not high because a substantial portion of the heat gen 
erated by the heater is radiated to the outside from a 
metal cylinder containing the coiled heater and the 
electric insulator. Moreover, the starting time that is 
the period between the energization of the heater and 
an instant at which the electron beam is emanated, is 
long. 
Accordingly, it is an object of this invention to pro 

vide an improved indirectly heated type cathode device 
having an improved thermal efficiency and a short 
starting time. 
According to this invention, there is provided an indi 

rectly heated type cathode device comprising a hollow 
casing, a body consisting of a mixture of an electrically 
insulative and heat resistant substance and a metal, the 
body being packed in the casing, an electron emissive 
substrate mounted on one end of the casing, and a 
metal foil heater embedded in the body, the effective 
surface of the metal foil heater facing to the substrate 
and being spaced apart from the substrate. 

In the accompanying drawings: 
FIG. 1 is a longitudinal sectional view of one embodi 

ment of an indirectly heated type cathode device em 
bodying the invention; 
FIG. 2 shows a spiral foil heater utilized in the cath 

ode device shown in FIG. 1; 
FIG.3 shows a longitudinal section of a modified em 

bodiment of this invention; 
FIG. 4 is a plan view of a spiral foil heater utilized in 

the cathode device shown in FIG. 3; 
FIG. 5 is a partial perspective view showing an elec 
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trical connection between the foil heater and a lead . 
wire utilized in the cathode device shown in FIG. 3; 
FIG. 6 is a sectional view showing dies utilized to 

form the spiral foil heater shown in FIG. 4; 
FIG. 7 is a curve showing the relationship between 

the composition of a potting mixture which used to 
form an electrically insulative heat resistant body, and 
the leak current between the heater and the cylinder; 

FIG. 8 is a curve showing the relationship between 
the composition of potting mixture, and the heater tem 
perature; and 
FIG. 9 is a graph comparing the starting times of the 

cathode device showing in FIG. 3 and a prior art de 
WCe. 
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2 
A preferred embodiment of this invention shown in 

FIGS. 1 and 2 comprises a cylindrical member 1 made 
of molybdenum, for example, and having an outer di 
ameter of about 20 mm, and disc shaped substrate 2 
brazed to one opening end of the cylindrical member 
1 thus closing the one end. The purpose of the cathode 
substrate 2 is to emanate an electron beam when it is 
heated to a predetermined temperature and the cath 
ode substrate is made of a porous refractory metal disc 
impregnated with an electron emissive substance in a 
manner well known in the art. The exposed upper sur 
face of the cathode substrate 2 is concaved inwardly 
with a predetermined radius of curvature so as to focus 
the electrons emanated from the upper surface into a 
beam. A film 4 of an electrically insulative and heat re 
sistant metal oxide is fixed to the lower surface of the 
cathode substrate 2 within the cylindrical member 1. A 
spiral foil heater 5 made of a refractory metal, for ex 
ample, tungsten, is disposed in contact with the lower 
surface of the film 4. As shown in FIG. 2, the spiral 
heater 5 is made up of an elongated foil having a thick 
ness of from 25 microns to 0.1 mm, preferably 30 mi 
crons. The exposed surfaces of the spiral foil heater 5 
and the oxide film 4 are covered with a layer 3 of an 
electrically insulative and heat resistant potting mixture 
packed in the cylindrical member 1. In this manner, the 
spiral foil heater 5 is embedded in the electrically insu 
lative body 3, 4. The electrically insulative and heat re 
sistant potting layer 3 is formed by compressing a 75:25 
(weight ratio) mixture of heat resistant electric insulat 
ing powder, for example aluminium oxide powder (Al 
O), and metal powder, for example molybdenum 
powder. The inner ends of lead wires 7 are electrically 
connected to the opposite ends of the spiral foil heater 
5. The potting layer 3 is formed by packing a mixture 
of aluminium oxide powder and molybdenum powder 
in the cylindrical member 1, compressing and moulding 
the mixture and then sintering the mixture by heating 
it to a high temperature. A metal die 6 utilized to com 
press the mixture is provided with perforations for en 
abling lead wires 7 to extend therethrough. The potting 
layer 3 may be formed in the cylindrical member 1 by 
means of sintering alone and compression is not always 
necessary. The spiral foil heater 5 may be coated with 
a thin film of an electrically insulative and heat resis 
tant oxide in which case a slurry of the oxide is coated 
on the heater 5 and then the coated slurry is sintered 
to form the thin film. 

In a modified indirectly heated cathode device shown 
in FIGS. 3 and 4, the cathode substrate 2 secured to 
one end opening of a metal cylindrical member 1 is 
provided with a reentrant spherical upper surface for 
producing a focused electron beam and a lower spheri 
cal surface substantially in parallel with the upper sur 
face. In the cylindrical member 1 with one end thereof 
closed by the cathode substrate 2 is formed a layer 3 of 
electrically insulative and heat resistant potting mix 
ture. The layer 3 is formed by sintering a mixture con 
taining heat resistant metal oxide powder and metal 
powder at a predetermined ratio as has been described 
in connection with the previous embodiment. In the 
upper surface of the oxide layer 3 is embedded a spiral 
foil heater 5 which is curved into a spherical configura 
tion parallel with the lower surface of the cathode sub 
strate 2, the spiral foil heater 5 being spaced by a pre 
determined small distance from the lower surface of 
the cathode substrate 2. The spiral foil heater 5 is 
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formed by etching a flat tungsten foil and comprises a 
ring shaped central portion 5a and two interleaved spi 
rals 5b, the radial width of each spiral increasing from 
the central portion 5a toward the peripheral portion as 
shown in FIG. 4. The inner ends of the spirals are elec 
trically interconnected and the outer ends are con 
nected to lead wires. The radial width of the peripheral 
portion 5b is about two times of that of the central por 
tion 5a. 
The cathode device of this embodiment has a rating 

of 10 amperes and has the following dimensions. The 
outer diameter of the cylindrical member 1 is about 20 
mm which is the same as that of the prior art device but 
the length of the cylindrical member 1 is about 7 mm 
which is considerably shorter than the length 15 mm of 
a cylindrical member adapted to contain a helical coil 
heater of the conventional design. This can be attrib 
uted to the use of the flat foil heater. Since the length 
of the cylindrical member is decreased in this manner, 
it is possible to proportionally. decrease the heat loss 
caused by the heat dissipation from the outer surface 
of the cylindrical member. Since shortening of the cy 
lindrical member decreases the heat storage capacity of 
the cathode device, its starting time can also be re 
duced. This is also caused by the fact that a concaved 
foil heater 5 is located close to the cathode substrate 2. 
With this embodiment having dimensions described 
above, the cathode device becomes operative within 
about 2 minutes after energization whereas the prior 
art cathode device has a starting time of more than 3 
minutes. 
Although the lead wire 7 may be made integral with 

the spiral foil heater 5, where they are formed sepa 
rately and connected together later, it is advantageous 
to use a connecting member 9 shown in FIG. 5. As 
shown in this figure, the connecting member 9 com 
prises two conductive pieces which are bent at substan 
tially right angles and connected on the opposite sides 
of the heater 5. The lead wire 7 is connected to one of 
the conductive pieces. This construction prevents ther 
mal deformation of extremely thin heater 5. 
One example of the method of manufacturing the in 

directly heated type cathode device of this invention 
will be described with reference to FIG. 6. 
A photoresist is uniformly applied onto the opposite 

surfaces of a flat tungsten foil having a thickness of 
from 25 to 100 microns. A mask perforated with a de 
sired pattern is mounted on the photoresist coating and 
the coating is exposed to light through the perforation 
of the mask. Finally the exposed photoresist coating is 
etched to leave a flat spiral foil of the desired pattern, 
for example a spiral pattern as shown in FIG. 4. The re 
sulting spiral foil is then shaped with a forming device 
comprising an upper die 11, a guide cylinder 12, a 
lower die 13, each made of molybdenum. The lower die 
13 has a convex upper surface 14 and the upper die 11 
is formed with a complementary concave surface 15 so 
that when pressed between the upper and lower dies, 
the flat foil will be deformed into a partial spherical 
shape having the same radius of curvature as those of 
the concave and convex surfaces. It is advantageous to 
subject the foil heater to a suitable heat treatment while 
pressure is applied thereto. This can be accomplished 
by heating the assembly of the dies and the foil heater 
to a temperature of 1,700°C for about 2 hours in a hy 
drogen containing furnace. 
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4 
The electrically insulative and heat resistant body in 

which the spiral foil heater is embedded comprises a 
mixture of insulator, that is metal oxide, and a suitable 
quantity of metal powder and not constituted by the 
metal oxide alone. According to this invention, since 
the effective surface or the upper surface of the spiral 
foil heater is located close to the cathode substrate and 
as it is necessary to position extremely thin peripheral 
portion of the spiral foil heater close to the inner sur 
face of the metal cylindrical member, it is necessary to 
limit the quantity of the metal powder below a prede 
termined limit in order to prevent leak current from 
flowing across the metal cylindrical member and the 
spiral foil heater and to decrease the starting time of 
the cathode device. FIG. 7 shows the relationship be 
tween the leak current and the ratio (by weight) of alu 
minium oxide and molybdenum. The curve shown in 
FIG. 7 shows a leak current flowing between the metal 
cylindrical member and the spiral foil heater of the em 
bodiment shown in FIG. 3 when a predetermined volt 
age is impressed across these members. The weight 
ratio of aluminium oxide powder and molybdenum 
powder comprising the electrically insulative and heat 
resistant layer 3 was varied as follows, 100:0, 85:15, 
80:20, 75:25, 70:30 and 50:50. The leak currents mea 
sured at respective ratios were plotted, although the 
magnitude of the leak current varies dependent upon 
the magnitude of the impressed voltage and the spacing 
between the spiral foil heater and the cylindrical mem 
ber. The curve shown in FIG. 7 shows that the ratio 
within a range of from 100:0 to 75:25 gives a leak cur 
rent permissible for the cathode devices used in the ap 
plications described above. However, in the case of the 
ratio of 100:0, there is no advantage of the incorpora 
tion of the metal powder. It was found that 5 to 30 per 
cent, by weight, of the metal powder incorporated is . 
adequate from the standpoint of minimizing the leak 
current and maximizing the effect of the metal powder. 

As the powder of the heat resistant oxide insulator 
may be used powders of yttrium oxide (YOa), zirco 
nium oxide (ZrO), hafnium oxide (HfO), beryllium 
oxide (BeO2), magnesium oxide (MgO) and oxides of 
rare earth metals. Among the metal powders utilized in 
this invention are included powders of tungsten (W), 
nickel (Ni), rhenium (Re), tantalum (Ta), titanium 
(Ti), zirconium (Zr), hafnium (Hf), vanadium (V), 
neobium (Nb), chromium (Cr), elements of the plati 
num group, and their alloys. These metals and alloys 
can be used in the range described above. 

It is advantageous to provide metallic layers of high 
melting point, for example an alloy of Ru-Mo, on the 
inner surface of the metal cylindrical member and the 
lower surface of the cathode substrate, before packing 
the mixture of the metal oxide powder and the metal 
powder in the cylindrical member. When sintered at a 
temperature of 1,700°C for about one hour, the molyb 
denum powder and the metallic layer fuse together 
thereby firmly bonding the resulting electrical insula 
tive and heat conductive body to the metal cylindrical 
member. 

In the cathode device it is possible to decrease the 
operating temperature of the heater by a suitable selec 

65 tion of the ratio of a powder of the metal oxide to a powder of metal which constitutes the electrically insu 
lative and heat conductive body, FIG, 8 shows the rela 
tionship between the heater temperature and the ratio 
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of aluminium oxide to molybdenum. FIG. 8 shows that 
when only the powder of aluminium oxide is used it is 
necessary to rise the operating temperature of the 
heater to 1,570°C, but as the quantity of the metal pow 
der is increased, the operating temperature decreases, 
and that at the lower limit of the metal incorporated, 
that is at a weight ratio of 30 percent, the required op 
erating temperature is decreased to only 1,320°C. 
As above described, the cathode device of this inven 

tion has a shorter starting time than the prior art cath 
ode device. FIG. 9 shows a comparison of the starting 
time of the embodiment shown in FIG. 3 and of the 
prior art construction utilizing a helical coil heater, in 
which th ordinate shows the heater current and the ab 
scissa shows the time in minutes. Curve A represents 
the starting characteristic of the present cathode device 
and curve B that of the prior construction. In both 
cases, a heater voltage of 6.3V was used. As shown by 
curve A with the cathode device of this invention, the 
heater temperature reaches an equilibrium condition 
within about 2 minutes, whereas curve B, the prior art 
device, requires a starting time of about 3 minutes. 
For the reason described hereunder, the thickness of 

the metal foil comprising the cathode heater is pre 
ferred to lie in a range of from 25pu to 0.1 mm. More 
particularly, the foil is made of a metal having a high 
melting point and is stable at high temperatures, such 
as tungsten or molybdenum. However, these metals are 
difficult to roll and the minimum thickness obtainable 
is about 20 microns. However, a foil having a thickness 
of about 20 microns varies its thickness in the direction 
of rolling thus resulting in a local heating and breakage 
thereat. For this reason, it is necessary to increase the 
thickness of the foil to a value not causing such varia 
tion in the thickness, such minimum thickness being 
about 25 microns. On the other hand, foils of the de 
sired pattern are usually formed by photoetching tech 
nique as above described, and the maximum thickness 
that can be formed by this technique is about 0.1 mm. 
Thicknesses exceeding this value decrease the advan 
tage of using thin foils. 
What we claim is: 
1. An indirectly heated type cathode device compris 
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6 
ing a hollow casing, a body consisting of a mixture of 
an electrically insulative and heat resistant substance 
and a metal, said body being packed in said casing, an 
electron emissive substrate mounted on one end of said 
casing, and a metal foil heater embedded in said body, 
the effective surface of said metal foil heater facing to 
said substrate and being spaced apart from said sub 
Strate. 

2. A cathode device according to claim 1 wherein 
said casing takes the form of a cylinder with both ends 
opened, and said electron emissive substrate is secured 
to said cylinder to close one end opening thereof. 

3. A cathode device according to claim 2 wherein the 
surface of said substrate on the side opposite to said foil 
heater is reentrant thus forming a partial spherical sur 
face. 

4. A cathode device according to claim 1 wherein 
said foil heater comprises a thin metal strip shaped into 
a spiral. - 

5. A cathode device according to claim 1 wherein 
said foil heater comprises a center ring portion and a 
pair of interleaved spirals with inner ends connected to 
the ring portion. 

6. A cathode device according to claim 1 wherein 
said body comprises a mixture of said electrically insu 
lative and heat resistant substance and said metal at a 
weight ratio of from 95:5 to 70:30. 

7. A cathode device according to claim 1 wherein 
said electrically insulative and heat resistant substance 
is a member selected from the group consisting of yt 
trium oxide, zirconium oxide, aluminium oxide, haf 
nium oxide, beryllium oxide, magnesium oxide and ox 
ides of rare earth metals and said metal is a memberse 
lected from the group consisting of tungsten, nickel, 
rhenium, tantalum, titanium, zirconium, hafnium, va 
nadium, neobium, chromium, metals of the platinum 
group and alloys thereof. 

8. A cathode device according to claim 1 wherein 
said foil heater comprises an electrical connector con 
nected to one end thereof and a lead wire electrically 
connected to said connector. 
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