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CATHODE ASSEMBLY FOR ELECTRON TUBE
Ernst Raoul Larson, Fords, N.J., assignor to Radio Cor-
poration of America, a corporation of Delaware
Filed June 11, 1962, Ser, No, 201,561
11 Claims. (Cl, 313—337)

This invention relates to improved cathode assemblies
for electron tubes.

Omne type of presently available electron tubes includes
a plurality of concentric electrodes supported on lead-ins
and support conductors sealed through a ceramic disk
header wafer. In the fabrication of such a tube the elec-
trodes and ledld-ins are assembled in a jig in desired strain-
free contacting relationship and then brazed together into
2 rigid electrode mount assembly. A cup-like envelope
member, which may be of metal or ceramic, is disposed
over the electrode mount assembly and sealed to the pe-
riphery of the header wafer after tube bake-out and ex-
haust to form a vacuum-tight envelope. However, the
cathode of such a tube is of the indirectly heated type and
includes an electron emissive coating thereon. Inasmuch
as this emissive coating cannot withstand the high tem-
peratures encountered during the brazing step, the cath-
ode is added after brazing of the rest of the mount assem-
bly and before the envelope is put in place.

The cathode assembly of such an electron tube may
comprise @ telescoped assembly including two tubular or
sleeve parts and a heater element, A first tubular mem-
ber serves as the support sleeve and is part of the brazed
assembly. An insulated heater element is inserted with-
in the support sleeve and is supported by two lead-ins
through the header wafer, the heating element also being
a part of the brazed assembly. A second tubular member
closed at one end and providing the cathode is telescoped
over the support sleeve after the mount assembly has
been brazed together. This second member is coated
with electron emissive material on the external surface
thereof. The envelope is then placed over the mount as-
sembly and in contact with the header. During the sub-
sequent heating and exhaust processing the support and
cathode sleeve are permanently sintered together. Seal-
ing of the envelope is performed after bake-out and ex-
haust.

During the evacuation and sealing processing, the tube
may be oriented in an inverted position. Because of
size variations encountered in mass production of the sup-
port and cathode sleeves, the sleeves are not always of
such size as to insure tight frictional engagement to main-
tain them in secure telescoped contact until sintered to-
gether. As a result, often times before actual sintering
together of the sleeves takes place, the cathode sleeve falls
off of its inner support sleeve where a loose fit exists.

" Welding together of the two sleeves is not suitable be-
cause their contact may be -too slight to enable a good
weld to be made.

It -had been the practice to make the cathode support
sleeve of seamless tubing,  In order to reduce heat con-
duction from the cathode, it has been the practice to use
tubing having a wall thickness of approximately only
0005 inch. This is a fragile support. Great care is
required in positioning the cathode cup on the support
sleeve to prevent damage and misalignment of the sleeve
with respect to the other tube elements. Despite care-
ful positioning of the cathode cup over the sleeve, dam-
age frequently occurs particularly where a press fit is
wsed, that is, where the inside diameter of the cathode
cup is very close to the outside diameter of the support
sleeve. Further, sintering of the sleeves is not always
satisfactory, especially in those cases where due to toler-

10

15

20

30

35

40

50

55

60

65

70

2

ances a loose fit between the cathode cup and the sleeve
results.

A further problem associated with the type of tube de-
scribed, and also with many other tube types wherein an
clongated heater extends into a tubular cathode and is
supported only at one end, is that the heater is prone to
excessive vibrations upon mechanical shock of the tube.
Such vibrations cause microphonic noise in the electrical
output of the tube. It has not been feasible in the prior
art to provide a press contact fit between the heater and
the cathode in order to prevent vibration of the heater
because of the requirement that the heater be readily
insertable into the cathode. The reason for this is that
the heater is coated with a brittle insulating material, such
as aluminum oxide, and must be easily and loosely in-
sertable into the cathode to iprevent scraping of the in-
sulation off the heater during insertion.

It is therefore an object of this invention to provide a
novel and improved cathode assembly structure which
avoids or overcomes the problems of prior art structures
as set forth above.

Further objects of this invention are to provide a novel
and improved indirectly cathode assembly the parts of
which can be manufactured with ordinary mass produc-

5 tion tolerances and yet which can be readily assembled

without either damaging the cathode support -sleeve or
scraping the insulation off the heater while constantly pro-
viding interference fitting contacts between the assembly
parts.

For achieving these objects according to one embodi-
ment of this invention, an indirectly heated cathode as-
sembly is provided which may include an insulated coiled
heater inserted within a cathode support sleeve over which
a tubular cathode sleeve or cup is telescoped. The outer
diameter of the heater coil is slightly less than the inner
diameter of the support sleeve to permit easy Insertion
of the heater into the sleeve. To position the cathode
rcup on the support sleeve and to obtain a positive confact
or pressure fit between the cathode cup and the support
sleeve and between the support sleeve and the heater, the
cathode cup is provided with severa] inwardly directed
projections in the form of dimples or longitudinally ex-
tending ribs or the like. The diameters of the cathode
cup and the support sleeve and the size of the inwardly
directed projections are such that when the cup is posi-
tioned over and forced down .over the support sleeve a
tight contact fit is provided between the ccathode cup pro-
jections and the support sleeve. Further, where the in-
wardly directed projections engage the support sleeve in-
wardly directed projections or ridges are formed in the
wall of the support sleeve which engage and squeeze or
clamp the heater therebetween. In this manner & tight
contact fit is also provided between the support sleeve
and the insulated heater. 1In the drawings:

FIG. 1 is a longitudinal section of an electron tube in-
corporating one embodiment of the invention;

FIFIG. 2 is a transverse section taken along line 2—2 of
FIG. 1;

FIG. 3 is an enlarged longitudinal section taken along
line 3-—3 of FIG. 4 and showing an indirectly heated
cathode assembly made according to one aspect of this. in-
vention and as incorporated in the electron tube shown
in FIG, 1;

FIG. 4 is a transverse section taken
of FIG. 3; and,

FIG. 5 is a view similar to FIG. 3 but showing a mod-
ification of the cathode assembly.

In FIGS. 1 and 2 is shown an electron tube incorporat-
ing this invention. The tube 16 includes a ceramic disk
header 12 having a plurality of bores 14 therethrough.
A plurality of electrode support conductors 15 and lead-

along the line 4—4
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in conductors 16 are sealed in vacuum-tight relation in
the bores 14, the walls of which have been metallized.

The electrode mount assembly comprises coaxial cylin-
drical anode and grid electrodes 26 and 28 and cathode
electrode assembly 30, respectively. The anode 26 is
mounted on a radially extending flange 32, which is in
turn mounted on one lead-in conductor 16 and two sup-
port conductors 15. The grid electrode 28 is similarly
mounted on a radially extending flange 34 which is in
turn mounted on one lead-in conductor 16 and two sup-
port conductors 15. The cathode assembly 30 includes
a tubular cathode support sleeve 36, a cup-like tubular
sleeve 40, and a coiled heater 44. The support sleeve 36
is mounted on a radially extended flange 38, which is
supported on one lead-in conductor 16 and two support
conductors 15. The tubular cathode sleeve 40 is disposed
over the support sleeve 36, tubular sleeve 40 being coated
with a suitable electron emissive material 41, and the
coiled heater 44 is disposed in the cathode support sleeve
36 and connects to a pair of lead-in conductors 16 which
are sealed through the header 12. Heater 44 is coated
with- a suitable insulating material, such as aluminum
oxide, and to prevent scraping of the insulation against
the support sleeve 36 during insertion of the heater into
the sleeve, the outer diameter of heater 44 is slightly
less than the inner diameter of sleeve 36.

As previously stated, all of the above-described ele-
ments except the cathode sleeve 46 are assembled in a jig
in loose contacting relationships and brazed together at
high temperatures into a strain-free rigid mount assembly.
A vacuum-tight envelope is provided by a cup-shaped shell
46 sealed to the periphery of the ceramic disk header 12.
The shell 46 includes a pair of longitudinal extending arc-
uate positioning lugs or tongues 47 and 48 which serve
to protect the externally extending conductors 16 and
facilitate socketing of the tube.

The presence of the emissive coating 41 on the outer
cathode sleeve 40 precludes incorporation of the cathode
sleeve in the tube prior to the brazing step. After the
brazed assembly is removed from the brazing oven, the
cathode sleeve 40 with its emissive coating 41 thereon is
telescoped over the support sleeve 36. The envelope is
then sealed to the header after bake-out and exhaust as de-
scribed above.

This sealing step is performed by an oven heating step,
at a temperature below the temperature involved in the
prior brazing step. The sealing step is performed simul-
taneously with an exhaust and bake-out of the tube.
During the exhaust, bake-out, and sealing of the shell 46
to the ceramic header 12, a sufficiently high temperature
is reached to sinter the support 36 and cathode sleeve
40 together in a secure, permanently bonded assembly.

Referring to FIGS. 3 and 4, the cathode assembly struc-
ture 30 includes emissive cathode sleeve 40 closed at one
end so that when the two sleeves 36 and 40 are telescoped
together, a bottoming of the support sleeve 36 within the
emissive cathode cup 40 will provide auntomatic longitu-
dinal indexing of the telescoped arrangement facilitating
telescoping of the two sleeves 36 and 40. One end of the
support sleeve 36 is provided with an inturned rim 52 to
eliminate sharp edges and act as a guide for the telescop-
ing action. Support sleeve 36 serves as a mechanical sup-
port for the electron emissive sleeve 40, as a heat trans-
ferring medium for conducting heat from heater 44 to
cathode sleeve 40, and as an electrical connection between
cathode sleeve 40 and the cathode lead-ins 15. To pre-
vent loss of heat from the cathode sleeve by conduction
downwardly through support sleeve 36, the support sleeve
may be made of a relatively poor thermal conductive
material such as an alloy comprising essentially 80%
nickel and 20% chromium. In one embodiment the sup-
port sleeve wall is only .0005 inch thick for further reduc-
ing the heat conduction along the length thereof.

The cathode cup 40, which may have a wall thickness
of 4 to 5 times that of the support sleeve 36, is provided
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on its inside surface and about one third of the sleeve
length away from its open end with circumferentially
spaced inwardly extending projections or dimples 60,
preferably 3 or 4 equally spaced dimples being used.
Such dimples may be conveniently provided in the tubular
cathode sleeve 40 by means of conventional punch and die
processes.

The inside diameter of cup 46 is made slightly larger
than the outside diameter of the sleeve 36 so that the cup
may be readily inserted over the upper end of the sleeve
36 to guide the cup along the sleeve until the dimples 60
engage the sleeve 36. As the cathode sleeve 40 is pushed
home, the dimples engage and form or mold longitu-
dinally and inwardly extending projections, grooves, or
ridges 6% in the support sleeve material. The dimples 68
are of such size and strength in camparison with the thick-
ness and strength of the support sleeve wall that the sleeve
material is stretched beyond its elastic limit to form
permanent ridges in the sleeve. Further, the ridges are
formed to such size as to engage and squeeze and clamp
the relatively loosely fitting heater 44 within support
sleeve 36 between the ridges 61. The heater coil is of
sufficient strength so as not to collapse under this clamp-

. ing pressure whereby a force or pressure contact fit be-
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tween the suppoit sleeve 36 and the heater 44 is obtained.
A pressure contact fit is likewise obtained between the
cathode cup 48 and the support sleeve 36 due to dimples
60 being tightly wedged within grooves 61. Further, the
wall portions of the support sleeve 36 between grooves
61, it is believed, are bowed outwardly and into tight
engagament with the inner wall of the cathode cup 40
(FIG. 4).

In one embodiment, by way of example, the outer diam-
eter of coil heater 44 is 52 mils; the inner and outer diam-
eters of support sleeve 36 are 54 and 55.5 mils, respec-
tively; the inner and outer diameters of cathode cup 40
are 56 and 60 mils, respectively; dimples 6& have a raised
height above the inside surface of cathode cup 40 of about
2 mils and thus provide ridges 61 having a raised height
of about 1.75 mils on the inner wall of support sleeve 36.

Referring to FIG. 5, another cathode assembly 30 is
shown. In this embodiment, cathode cup 40 is provided
on its inside surface with inwardly etxending projections
in the form of circumferentially spaced longitudinally ex-
tending ribs 63 which extend about two-thirds the length
of the cathode cup 40 from its closed end. Such ribs
provide pressure contact fits between the cathode cup 40
and its support 36 and provide ridges 61’ in support sleeve
36 to provide a pressure contact fit between support 36
and heater 44 in similar manner as dimples 60. Cathode
cups 40 having such inwardly extending ribs 63 may be
fabricated by known extruding processes.

A further advantage of the indirectly heated cathode
assemblies described above is that consistently tight or
pressure fits may be provided between the assembly parts
in spite of normal manufacturing tolerances found with-
in the individual assembly parts. The spring-like char-
acterisitc of the bowed-out portions of sleeve 36 between
the formed ridges 61 and 61’ results in the support sleeve
36 having a self-adjusting characteristic within cathode
sleeve 48. Thus, in either the extreme case where the
cathode sleeve is a maximum and the support sleeve is
a minimum, or the extreme case wherein the cathode is
a minimum the support sleeve is a maximum neverthe-
less, a good pressure contact therebetwen is maintained.
The flexibility of the support sleeve accommodates for
such size relationship variations. The spring action of the-
support sleeve insures that a tight pressurized telescoped
fit is maintained. Such an accommodation pressure fit is
not possible with the prior art assemblies wherein two
relatively and undistorted cylinders are telescoped to-
gether,

The same is also true for the fit of the heater coil 44
within support sleeve 36. Although sufficiently rigid to
prevent collapse due to the squeezing. action of ridges:
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61, 61’ as mentioned, the heater coil is sufficiently flexible
to accommodate variations in the size of the formed
ridges 61, 61, the flexibility of the coil insuring that a
tight pressure contact fit between the heater 44 and the
ridges is maintained.

What is claimed is:

1. A cathode assembly comprising an outer cathode
member, an inner support member within said outer mem-
ber, and a heater element mounted within said inner
member, said outer member having an inwardly extending
projection in a force fit with said inner member, and said
inner member having an inwardly extending projection in
contact with said heater,

2. A cathode assembly comprising an outer cathode
member, an inner support member within said outer mem-
ber, and a heater element mounted within said inner mem-
ber, said outer member having an inwardly extending pro-
jection in a pressure contact fit with said inner member,
and said inner member having an inwardly extending ridge
adjacent said inwardly extending projection in a pressure
contact fit with said heater.

3. A cathode assembly comprising an outer cathode
member, an inner support member within said outer mem-
ber, and an elongated heater element mounted within said
inner member, said outer member having an inwardly ex-
tending projection in a pressure contact fit with said inner
member, and said inner member having a longitudinally
and inwardly extending ridge extending along a portion of
the length of said heater and in a pressure contact fit with
said heater.

4. A cathode assembly comprising an outer cathode
member, an inner support member within said outer mem-
ber, and a coiled heater element mounted within said
inner member, said outer member having a plurality of
inwardly extending dimples in pressure contact fit with
said inner member, and said inner member having a plu-
rality of inwardly and longitudinally extending ridges ex-
tending along a portion of the length of said heater and
in a pressure contact fit with said heater.

5. A cathode assembly comprising an outer cathode
member, an inner support member within said outer mem-
ber, and a coiled heater element mounted within said
inner member, said outer member having circumferen-
tially spaced and inwardly and longitudinally extending
ribs in a pressure contact fit with said inner member, and
said inner member having inwardly and longitudinally
extending ridges extending along a portion of the length
of said heater and in a pressure contact fit with said
heater.

6. An indirectly heated cathode assembly comprising an
outer tubular cathode member, an inner tubular support
member within said cathode member, and an insulated
coiled heater within said support member, said cathode
member- being provided with circumferentially spaced
dimples:on its inner surface, and said support member
having ‘circumferentially spaced inwardly directed and
longitudinally extending ridges extending along a portion
of the length of said heater, said dimples being in a pres-
sure contact fit with said support member, and said ridges
being in“a pressure contact fit with said heater.

7. An indirectly heated cathode assembly comprising an
outer tubular cathode member, an inner tubular cathode
support-inember within said cathode member, and an in-
sulated “coiled heater within said support member, said
heater having an outer diameter slightly less than the inner
diameter of said support member, said cathode member
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having a wall thickness several times thicker than the wall
of said inner member and being provided with dimples
on the inner surface thereof, and portions of said support
member being inwardly deformed by said dimples ‘and
being in a pressure contact fit with said heater.

8. An indirectly heated cathode assembly comprising
an outer tubular cathode member, an inner tubular cath-
ode support member within said cathode member, and an
insulated coiled heater within said support member, said
heater having an outer diameter slightly less than the
inner diameter of said support member, said support mem-
ber and said cathode member having a wall thickness in
the order of .0005 inch and .002 inch respectively, said
cathode member being provided with dimples on its inner
surface, and portions of said support member being in-
wardly pressed by said dimples and being in a pressure
contact fit with said heater.

9. An indirectly heated cathode assembly comprising
an outer tubular cathode member, an inner tubular sup-
port member within said cathode member, and an insu-
lated coiled heater within said support member, said cath-
ode member being provided with inwardly and longitu-
dinally extending ribs on its inner surface, portions of
said support member being pressed inwardly by said ribs
and forming corresponding inwardly and longitudinally
extending ridges in said support member, and said heater
being clamped between said ridges providing a pressure
contact fit between said heater and said support member.

10. An indirectly heated cathode assembly comprising
an outer tubular cathode member, an inner tubular cath-
ode support member within said cathode member, and
a flexible insulated coiled heater within said support mem-
ber, said heater having an outer diameter slightly less
than the inner diameter of said support member, said
support member having a wall thickness several times less
than the wall thickness of said cathode member, said
cathode member being provided with inwardly and longi-
tudinally extending ribs on its inner surface, said ribs
being in a pressure contact fit with said support member
and forming corresponding inwardly and longitudinally
extending ridges in said support member, and said heater
being clamped between said ridges providing a pressure
contact fit between said heater and said support member.

11. An indirectly heated cathode assembly comprising
an outer tubular cathode member, an inner tubular sup-
port member within said cathode member, and a flexible
insulated coiled heater within said support member, said
heater having an outer diameter slightly less than the
inner diameter of said support member, said support mem-
ber and said cathode member having a wall thickness in
the order of .0005 inch and .002 inch respectively, said
cathode member being provided with circumferentially
spaced and inwardly and longitudinally extending ribs on
its inner surface, said ribs being in a pressure contact fit
with said support member and forming corresponding
longitudinally and inwardly extending ridges in said sup-
port member, said ridges extending along a portion of the
length of said heater and providing a pressure contact fit
between said heater and said support member,
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